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Abstract: Monochorionic placentas occur in two-thirds of
identical (monozygotic) twin pregnancies and typically
feature inter-fetal vascular anastomoses on their surface.
These anastomoses can cause very specific complications
including twin-to-twin transfusion syndrome (TTTS) in
about 10 %, TAPS in 5%, twin reversed arterial perfusion
(TRAP) sequence in 2.5 % and spontaneous intrauterine fetal
death (IUFD) in 2% of monochorionic-diamniotic twin
pregnancies. Moreover, unequal sharing of placental terri-
tories can lead to selective fetal growth restriction (SFGR) in
about 15 %. Monochorionic multiples affected by such com-
plications are at increased risk of mortality, brain abnor-
malities and neurodevelopmental disorders. This narrative
review provides insight into prenatal detection and man-
agement of specific complications of monochorionic twin
pregnancies.

Keywords: monochorionic; twin pregnancy; TTTS; TAPS;
trap; SFGR

Introduction

Monochorionic placentas occur in two-thirds of identical
(monozygotic) twin pregnancies and typically feature inter-
fetal vascular anastomoses on their surface. [1-3]. Three
types of anastomose are distinguished including arterio-
arterial (AA), veno-venous (VV), and arterio-venous (AV)
connections. While AA and VV anastomoses represent direct
connections between arteries or veins allowing bidirectional
blood flow, AV anastomoses enable blood to flow in only one
direction, from the artery to the vein. On average, there are
about eight anastomoses in a monochorionic placenta [4].
These anastomoses can cause very specific complications
including twin-to-twin transfusion syndrome (TTTS) in
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about 10 %, TAPS in roughly 5%, twin reversed arterial
perfusion (TRAP) sequence in about 2.5 % and spontaneous
intrauterine fetal death (IUFD) in approximately 2% of
monochorionic-diamniotic twin pregnancies [5-8]. More-
over, unequal sharing of placental territories can lead to
selective fetal growth restriction (SFGR) in about 15 %.
Monochorionic multiples affected by such complications are
at increased risk of mortality, brain abnormalities and
neurodevelopmental disorders [9-11].

Monochorionic twin pregnancies can be identified
reliably before 14 weeks of gestation by sonographic exam-
ination of the intertwin septum featuring two thin amniotic
layers, which may be referred to as the “empty lambda sign”
(Figure 1) [12]. These pregnancies require regular moni-
toring to detect the onset of specific complications [12, 13].
Evaluation should begin at 16 weeks of gestation and be
continued in at least biweekly intervals. During each ex-
amination, the amount of amniotic fluid in both sacs should
be measured and doppler ultrasound should be performed.
If discrepancy in amniotic fluid volumes, fetal weight esti-
mation or doppler anomalies are present, transfer to an
experienced center and closer monitoring intervals are
indicated (Table 1).

This narrative review provides insight into prenatal
detection and management of specific complications of
monochorionic twin pregnancies.

Twin-to-twin transfusion syndrome
(TTTS)

Twin-to-twin transfusion syndrome (TTTS) affects about 10 %
of MCDA twin pregnancies and typically manifests between
the 16th and 26th week of gestation [2]. It is sonographically
defined by oligohydramnios in the donor and poly-
hydramnios in the recipient, with different cut-offs depending
on gestational age. If the deepest vertical amniotic fluid pocket
before 20 weeks of gestation meets the criteria of >8 cm in the
recipient and <2 cm in the donor, this is referred to as Quin-
tero stage 1 (Figure 2). After 20 weeks the threshold of >10 cm
is used for polyhydramnios in the recipient [13, 14]. If such
amniotic fluid discordance is accompanied by the absence of
bladder filling in the donor, this is referred to as Quintero
stage 2. Doppler sonography should be used to assess the
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Figure 1: Sonographic image showing the interfetal membrane
consisting of two amniotic layers appearing as “false lambda sign” in a
monochorionic diamniotic twin pregnancy at 12 + 0 weeks of gestation.

hemodynamic stress on both fetuses and is also applied for
staging according to Quintero. Typically, the recipient’s car-
diac volume overload is reflected in abnormal flow patterns
(absent or reversed flow in the a-wave) in the ductus venosus
(Figure 3) or pulsatile flow in the umbilical vein, while the
donor may present with absent or reversed end-diastolic flow
in the umbilical artery. As soon as such signs of hemodynamic
compromise occur, this is referred to as Quintero stage 3,
although the stage progression does not necessarily have to
occur in chronological order [13, 15]. If hemodynamic
compromise progresses this can lead to fetal hydrops (Quin-
tero Stage 4, Figure 3) or death (Quintero Stage 5). While the
inclusion of further cardiovascular parameters can stratify
additional characteristics of fetal pathophysiological changes,
this does not improve the prediction of outcome after intra-
uterine interventions. Despite certain limitations [16], the
Quintero stages remain the most practicable classification for
TTTS [12, 13].

Treatment should be initiated from Quintero stage 2
while in Quintero stage 1 a conservative approach under
close monitoring is also possible [12, 13, 17]. However,
progression to a higher stage, an increase in polyhydramnios
causing maternal complaints and cervical shortening
should be considered as an indication for an active
therapeutic approach. Such progression affects roughly
30-60 % of pregnancies with TTTS stage 1 [17-19]. If left
untreated, TTTS is associated with high mortality and
morbidity.
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Table 1: Management algorithm of monochorionic diamniotic twin
pregnancies.

Gestational age, Task

weeks

11-14 - First trimester screening including

- Determination of chorionicity/amnionicity

- Dating of pregnancy

- Labeling of the twins

- Screening for structural and genetic
anomalies

Biweekly follow-up including

- Amniotic fluid levels

- Fetal weight estimation

- Umbilical artery Doppler

Fetal anatomy scan including

- Echocardiography

- Amniotic fluid levels

- Fetal weight estimation

- Umbilical artery Doppler

- Middle cerebral artery Doppler

- Cervical length

Biweekly follow-up including

- Amniotic fluid levels

- Fetal weight estimation

- Umbilical artery Doppler

- Middle cerebral artery Doppler

- Cervical length

Delivery

- If normal conditions and first child in ce-
phalic presentation, vaginal delivery
attempt possible (>50 % success rate)

16-20 -

20-22 -

22-36 -

36 +0-37+0 -

In case of suspicious findings: referral to experienced center.

The only causal treatment for TTTS is fetoscopic laser
ablation of the placental vascular anastomoses with the
creation of two independent placental territories [20, 21]. In
brief, after percutaneous insertion of the fetoscope, the
entire placental surface is examined, the two umbilical cord
insertions are visualized, and the vascular equator is spe-
cifically searched for anastomoses. All anastomoses are then
treated with laser energy until complete cessation of blood
flow occurs (Figure 4) [22, 23]. Once all visible anastomoses
have been closed, amniotic drainage is performed to reduce
obstetric complications.

The efficacy and superiority of fetoscopic laser therapy
over amniotic drainage was demonstrated in a multicenter
randomized study [14]. Laser therapy resulted in better
survival rates and reduced neurological morbidity
compared to amniotic drainage, so that overall survival rates
0f 75-90 % are assumed today [24-26]. Demise of one or both
fetuses occurs in 13-33 %, predominantly within the first
week after the procedure [27-29]. Mortality is associated
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Figure 2: Sonographic image of TTTS

(22 + 0 weeks) with polyhydramnios of 14 cm
in the recipient (left) and oligohydramnios
(1.6 cm) in the donor (right).

Figure 3: Sonographic image of a recipient (22 + 0 weeks, same as in Figure 2) with TTTS stage IV with abnormal ductus venosus flow (left) and skin

edema (right).

with cardiac overload of the recipient, unequal placental
sharing or incomplete laser ablation leaving residual anas-
tomoses [30, 31]. The latter can lead to a recurrence of TTTS
or TAPS which has been described in up to 14 % of cases [32,
33]. These two complications may increase the risk of cere-
bral lesions, which occur in around 2 % of cases after laser

Figure 4: Fetoscopic image of an arterio-
venous anastomosis before (left) and after
(right) laser ablation. The donor artery origi-
nates from the right and connects into a
recipient vein that leads to the left.

therapy [34, 35]. The most common maternal complication of
laser therapy is preterm premature rupture of membranes
in 6-10 %.

Neurodevelopmental outcome is significantly better
after laser therapy than after amniodrainage, and neuro-
logical development at the age of two years largely
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corresponds to that of dichorionic twins of the same age [36].
In general, long-term developmental delay is described in up
to 15% of survivors [9, 37-41] and is considered to be a
consequence of TTTS, laser therapy and the higher rate of
preterm delivery [42]. At the age of 6 years, around 9 % of
children after TTTS are affected by severe neurological
deficit [43].

Monitoring after laser therapy includes regular weekly
ultrasound checks for the first 4-6 weeks and biweekly
thereafter until delivery. Amniotic fluid volumes, fetal
growth and Doppler of the umbilical artery, the ductus
venosus and the middle cerebral artery — to rule out fetal
anemia — should be checked [12, 13, 44]. After successful
treatment, the amniotic fluid volume and cardiac dysfunc-
tion usually normalize within two to four weeks, usually
earlier so in the donor than in the recipient [45, 46]. In the
further course, cervical length should also be examined for
early detection of an imminent premature birth and the fetal
extremities should be examined for possible amniotic bands,
which have been observed somewhat more frequently after
intrauterine interventions [47]. Due to the above-mentioned
rate of prenatally diagnosable brain lesions after TTTS of
2 %, parents can be offered fetal magnetic resonance imag-
ing at 30-32 weeks of gestation in order to be able to
terminate the pregnancy in cases with severe cerebral
damage [48]. It is also noteworthy that around 8 % of all
children after laser therapy have pulmonary artery stenosis
at the age of 10 years, with former recipients appearing to be
affected more frequently. [49-51].

There is little evidence on the optimal time and mode of
delivery after intrauterine laser therapy, but some experts
recommend delivery at 34 weeks of gestation [12, 52]. How-
ever, it also appears acceptable to deliver at 37 weeks’
gestation if the course of the pregnancy is otherwise
perfectly normal [12, 13].

Twin-anemia-polycythemia
sequence (TAPS)

Another specific problem associated with monochorionic
placenta is twin anemia polycythemia sequence (TAPS),
which occurs spontaneously in around 5% of mono-
chorionic diamniotic twins, but has been observed signifi-
cantly more frequently after conventional laser therapy [53].
It is assumed that very small diameter arteriovenous anas-
tomoses are responsible for this condition, which - in
contrast to TTTS — lead to chronic blood loss and anemia in
the donor and polycythemia in the recipient. This condition
can only be detected in a timely manner by measuring the
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MCA-PSV of both fetuses demonstrating MCA-PSV >1.5 mul-
tiples of the median (MoM) in the donor and <0.8 MoM in the
recipient or delta MCA-PSV between the twins of 21.0 MoM
[12, 54]. However, the correlation between low MCA-PSV and
polycythemia in the recipient is relatively poor [55]. It has
therefore been suggested that the difference in MCA
PSV>0.5 MoM between the fetuses may be a more sensitive
parameter for diagnosing TAPS, while other studies sug-
gested an MCA-PSV difference of 0.373 as the optimal cut-off
[56, 57]. In the case of an increasing delta-MCA-PSV with still
normal individual MCA-PSV values in the fetuses, the
development or presence of TAPS should be expected. If such
serial Doppler investigations are not performed routinely,
affected fetuses may only be noticed when fetal hydrops or
intrauterine demise become apparent. It is therefore
essential to perform these Doppler examinations routinely
from 20 weeks of gestation onwards and regularly after laser
surgery until delivery [12, 13]. Additional sonographic signs
may include differences in the thickness and echogenicity of
both placental areas. In the donor, the placenta is usually
hyperechoic and thickened (hydropic), while in the recipient
it appears narrow and hypoechoic. Furthermore, a “starry
sky” appearance may be noticeable in the recipient’s liver,
which is due to reduced echogenicity of the liver paren-
chyma with increased echogenicity of the venous portal
vessels (Figure 5) [58].

Postnatal diagnosis is based on the presence of chronic
anemia in the donor with reticulocytosis and polycythemia
in the recipient. Diagnostic criteria therefore include he-
moglobin differences between the neonates of more than 8 g/
dl and, in addition, either a reticulocyte count ratio of more
than 1.7 or the presence of only minuscule vascular anasto-
moses (<1 mm diameter) on the placental surface [53]. Such
small anastomoses can easily be overlooked during prenatal
laser therapy, which explains the increased rate of TAPS
cases after laser therapy. A multicenter randomized trial
reported that the incidence of TAPS can be significantly
reduced by additional superficial coagulation of the con-
necting areas between the individual coagulation points on
the placental surface [59]. This method, known as the “Sol-
omon technique,” has since become the gold standard in
fetoscopic laser therapy for TTTS. Depending on the gesta-
tional age, treatment options for TAPS include intrauterine
transfusion in the donor, potentially with hemodilution in
the recipient, fetoscopic laser ablation of the anastomoses, or
delivery [33, 60-62].

The outcome of pregnancies with TAPS is variable. Se-
vere TAPS can lead to demise of one or both fetuses, whereas
mild TAPS can result in the birth of two neonates who, apart
from the significant hemoglobin difference, show no
morbidity. Studies suggest that surviving twins after TAPS
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Figure 5: Ultrasound findings detectable in TAPS: Placental dichotomy with hyperechoic hydropic placenta of the donor in the back and hypoechoic flat
placenta of the recipient in the front at 20 + 0 weeks of gestation (left). Cross section through abdomen of a recipient featuring a starry sky liver at

19 + 0 weeks of gestation (right).

have neurological developmental problems in about 30 % of
cases, with the risk being about four times higher for the
donor than for the recipient [33, 61, 63]. As a precautionary
measure, the fetal brains should be examined by ultrasound
or MRI in the third trimester, and a neurological assessment
of the children should be performed at the age of 2 years.
However, spontaneous single intrauterine death appears to
be associated with low risk of mortality and severe neonatal
cerebral injury in the surviving co-twin [64].

Twin-reversed-arterial-perfusion
(TRAP)

A rare variant of interfetal transfusion in monochorionic
twins is twin reversed arterial perfusion (TRAP) sequence,
which occurs in approximately 2.5 % of monozygotic twins
[7, 8]. This involves reversed perfusion of the commonly
singular umbilical artery of the affected twin via a large-
caliber arterio-arterial anastomosis, resulting in disrupted
development of the heart and the upper body (Figure 6).
While the affected fetus has no chance of survival, the
healthy pump twin is also at risk due to excessive strain on
the heart [65].

Diagnosis can be made by demonstrating reversed
perfusion in the umbilical artery of the TRAP fetus using
Doppler sonography. Monitoring the ductus venosus of the
pump twin can be used to detect cardiac decompensation in
a timely manner.

To increase survival rates of the pump twin, the feeding
umbilical vessel is usually closed using laser energy or other
occlusive techniques like radiofrequency ablation [66, 67].
Since sudden death of the pump twin can occur despite close

Figure 6: Sonographic image of a rudimentary TRAP fetus (22 + 4 weeks
of gestation) with typical reversed arterial perfusion in the singular
umbilical artery.

monitoring, it may be reasonable to perform such a pro-
cedure early in pregnancy [12, 68]. A multicenter study is
currently investigating whether this should be done at
16 weeks of gestation or as early as 12-14 weeks of gestation
(TRAPIST trial, ClinicalTrials.gov Identifier: NCT02621645).
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Selective fetal growth restriction
(sFGR)

Diagnostic criteria for selective growth restriction in mon-
ochorionic twin pregnancies combine various parameters,
including the estimated weight and abdominal circumfer-
ence of both fetuses, the difference in estimated weights, and
the Doppler values of the umbilical artery of the growth
restricted fetus. The weight difference is calculated as:
(Weight of the larger fetus — weight of the smaller fetus) x
100/weight of the larger fetus.

Diagnostic criteria for SFGR in monochorionic twins [12,
69]:
— Estimated weight <3rd percentile
— or 2 of 4 parameters:

— Estimated weight of one fetus <10th percentile

— Difference in estimated weight >25 %

— Umbilical artery PI >95th percentile in FGR fetuses

— Abdominal circumference of one fetus <10th

percentile

In monochorionic twins SFGR is mainly due to discordant
placental supplying territories and may be detected already
before 20 weeks of gestation by the occurrence of an absent
or reversed end diastolic flow pattern (AREDF) in the um-
bilical artery of the growth restricted fetus. However, it
should be considered that in monochorionic twins with
AREDF there is a significantly longer average latency period
(10-11 weeks) until fetal decompensation than is the case in
singletons or dichorionic twins [70, 71].

Classification of SFGR in monochorionic twins is based
on the pattern of Doppler flow in the umbilical artery of the
smaller twin, which rarely changes during pregnancy, thus
allowing prognostic assessment [72]. In about two-thirds of
cases the smaller twin has consistently positive end-diastolic
flow in umbilical artery Doppler (type 1), while the
remaining third has absent or reversed end-diastolic flow
that can be persistent (type 2) or intermittent (type 3).

Type 1 sFGR is the most favorable subgroup with sur-
vival rates of >90 % and low risk for intrauterine mortality
(2-4%). Usually, there is moderate discordance of the
placental territories resulting in a favorable clinical course
in most cases. Therefore, a conservative approach can be
adopted in most cases. Nevertheless, Doppler ultrasound
checks should be performed at least weekly to detect (rare)
progression to type 2. On average, these pregnancies can be
prolonged to 34-36 weeks of gestation, and the rate of
neurological complications in the larger child is low [73].

Type 2 sFGR is associated with high risk of intrauterine
fetal death of the smaller twin and early preterm birth with
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associated risk of neurodevelopmental delay in the co-twin.
Prospectively, the risk of IUFD is up to 29 % and the risk of
neurological sequelae is up to 15% in preterm births
<30 weeks of gestation [72, 74]. The average gestational age at
birth is 28-33 weeks [73]. Placentas in type 2 SFGR usually
present with significant discordance of supplying territories
and a lack of compensatory anastomoses. In this subgroup
there is placental dysfunction in the smaller twin, so that
type 2 twins behave similarly to singletons with FGR, and the
progression of the Doppler parameters indicates progressive
placental insufficiency. This type is usually progressive, but
outcome can be predicted based on the typical cascade of
signs of decompensation (abnormal ductus venosus,
abnormal CTG), so that close monitoring allows intervention
before IUFD occurs. Management depends primarily on the
clinical condition, gestational age, and the preferences of the
parents, and may include iatrogenic premature birth, laser
ablation, or selective feticide [13, 75, 76].

Type 3 sFGR presents with unique flow pattern and is
often only recognizable when the umbilical Doppler flow is
observed over alonger period and the measurement is taken
at close proximity to the placental cord insertion site
(Figure 7). The typical alternation of positive phases with
AREDF usually occurs cyclically and indicates the presence
of a large arterioarterial anastomosis, which transfers the
systolic flow pattern of the larger twin to the umbilical artery
of the smaller twin. In type 3, the placental supply area of the
FGR twin is typically significantly smaller than that of its co-
twin. Survival is primarily ensured by large interfetal
anastomoses and the resulting blood exchange [8]. This
subgroup is associated with a 10-20 % risk of IUFD of the

Figure 7: Umbilical artery Doppler flow pattern in sFGR type 3 at
22 + 6 weeks of gestation. Demonstration of intermittent end-diastolic
positive flow, absent flow and negative flow.
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growth-restricted fetus, which, unlike type 2, is not preceded
by the typical sequential cascade of decompensation and is
therefore unpredictable and can even occur in situations
with apparently stable ultrasound findings. Due to the large
AA anastomoses, there is also a significantly increased risk of
up to 20 % of neurological sequelae in the surviving co-twin
[77, 78]. Depending on the clinical findings, technical possi-
bilities, and parental wishes, an expectant approach or a
prenatal intervention in the form of laser ablation or se-
lective feticide may be chosen [75, 76, 79]. The average
gestational age at birth is between 29 and 34 weeks [73].

Monoamniotic twins

Around 5% of monochorionic pregnancies are sharing a
common amniotic sac and are therefore referred to as
monoamniotic [12, 13]. These twins have an increased risk of
fetal death and neonatal morbidity, which is mainly due to
congenital anomalies, preterm birth, and complications
from entanglement of the fetal umbilical cords. Indeed,
discordant structural anomalies occur in up to 20% of
monoamniotic pregnancies making careful screening ex-
aminations mandatory [80, 81]. While almost all mono-
amniotic twin pregnancies are affected by umbilical cord
entanglement (Figure 8), studies have demonstrated that the
mere presence of cord entanglement as well as the presence
of notching in the umbilical Doppler flow do not contribute
to increased perinatal morbidity and mortality [82-84]. In
monoamniotic pregnancies, TTTS occurs significantly less

Figure 8: Color Doppler image of typical umbilical cord entanglement in
a monochorionic-monoamniotic twin pregnancy at 17 + 2 weeks of
gestation.
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frequently and can be diagnosed through discordant bladder
fillings and polyhydramnios in the shared amniotic sac.

Obstetric management of monoamniotic twin preg-
nancies includes prophylactic antenatal corticosteroids and
continuous inpatient or intensive outpatient monitoring
from approximately 26 to 28 weeks of gestation until planned
cesarean section between 32 + 0 and 33 + 0 weeks of gesta-
tion [13, 85, 86].

Single intrauterine fetal death
(sIUFD)

Single intrauterine fetal death (SIUFD) in monochorionic
twins may lead to acute blood loss of the surviving co-twin
into the fetal-placental unit of the deceased twin resulting in
severe anemia, hypovolemia, and ischemia. The co-twin may
therefore be affected by subsequent IUFD in 15 %, premature
delivery in 68 %, pathological postnatal brain morphology in
34 %, and long-term neurological morbidity in 26 % [12, 87—
89]. If SIUFD occurs, the pregnant woman should be referred
to an experienced center and should be counseled about
potential complications. Immediate delivery should be
avoided before 34 weeks of gestation and close monitoring
for signs of fetal anemia should be performed instead [13,
90]. If evidence of fetal anemia is detected, intrauterine
transfusion can be performed [91-93]. If MCA-PSV remains
stable over several days following sIUFD, the likelihood of
developing anemia later becomes very low. Subsequently,
growth monitoring and cerebral and umbilical Doppler ex-
aminations should be conducted at 2 to 4-week intervals. The
surviving fetus should undergo detailed neurosonography
or magnetic resonance imaging approximately 4-6 weeks
after TUFD for assessment of cerebral damage. If severe ce-
rebral damage is detected, the possibility of late termination
can be discussed with the parents. Otherwise, early delivery
at 34-36 weeks of gestation may be considered. Surviving
infants should undergo neurodevelopmental evaluation at
the age of two years [12, 13].

Selective feticide in complicated
monochorionic twin pregnancies

Selective feticide may be requested by the parents in the
event of discordant anomalies associated with severe illness
or neurological impairment, or lethal anomalies that pose an
increased risk of intrauterine mortality, which could
endanger the healthy co-twin. Occasionally, selective feti-
cide may also be considered in severely compromised
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fetuses in TTTS, TAPS, or sFGR to avoid sIUFD in the previ-
able period. Conditions that only become lethal after birth
could also be managed conservatively, thereby avoiding the
risks and emotional burden of selective feticide. In mono-
chorionic multiples conventional feticide is not an option
due to the presence of placental anastomoses, as potassium
chloride could pass via the anastomoses or the co-twin could
exsanguinate into the demised twin. Selective feticide in
monochorionic multiples must therefore ensure that no
anastomoses remain patent between the twins. Ultrasound-
guided bipolar umbilical cord occlusion, radiofrequency
ablation, or laser ablation of the umbilical cord have proven
effective for this purpose. Regardless of the method used, the
survival rate of the unaffected fetus is approximately 80—
90 %. The most common complications of the procedures
include premature rupture of membranes (26 %) and pre-
term birth before 34 + 0 weeks of gestation (37 %) [94]. In
monoamniotic twin pregnancies, selective feticide should be
performed by umbilical cord occlusion followed by feto-
scopic laser transection of the umbilical cord to avoid com-
plications by umbilical cord torsion [95]. Timing and
technique of selective feticide depend on the individual case
and local legislation. In most cases, procedures are per-
formed between 18 and 20 weeks of pregnancy or, if legally
possible, as a late reduction after 28 weeks, when the risk of
premature birth is lower.

Neurodevelopmental follow-up in
complicated monochorionic twins

Although the majority (80 %) of all MCDA twin pregnancies
result in two healthy children, there is a substantial risk for
the subgroup of fetuses from pregnancies affected by spe-
cific complications as stated above. While TTTS is the most
important cause of unfavorable outcome, also infants sur-
viving TAPS, sFGR or sIUFD may experience long-term
neurodevelopmental impairment [9, 41, 61, 63, 73, 74, 77, 87—
89]. Therefore, all surviving children following complicated
monochorionic pregnancies should undergo regular neuro-
logical assessment, at least at the age of two and ideally until
school age, in order to detect any neurological develop-
mental disorders and treat them if necessary. Follow-up may
include parental questionnaires on infant development and
standardized neurodevelopmental assessment techniques
like Bayley Scales of Infant Development. In addition, infants
should undergo physical and neurological examinations.
Possible protocols are described in the studies by Bolch et al.
or Ortibus et al. [96, 97].
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Emerging technologies and future
directions

Several studies investigated the use of artificial intelligence in
supporting diagnosis and treatment of TTTS [98-101]. More-
over, learning-based frameworks for in vivo fetoscopy as well
as automatic placental pose estimation in fetoscopic images
were proposed [102-104]. Other groups investigated the use of
high-intensity focused ultrasound (HIFU) for noninvasive
occlusion of placental vasculature in pregnancies with TTTS
and anterior placenta [105, 106]. However, the benefit of such
technologies in improving the outcome of TTTS with regards
to the most important parameters being intact survival and
near term birth remains to be demonstrated.
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