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Abstract

Twin-to-twin transfusion syndrome (TTTS) is the consequence of vascular
anastomoses of the shared placenta of monochorionic twin pregnancies. Both
circulating inter-twin blood flow and vasoactive mediators imbalance cause
hypovolemia in the donor and hypervolemia in the recipient fetus. If left untreated,
TTTS has a high perinatal mortality rate and adverse long-term outcomes mainly
cardiovascular and neurological.
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The recipient has cardiovascular changes including atrioventricular valve
regurgitation, diastolic dysfunction and pulmonary stenosis/atresia. The
maladaptive response to vascular changes determines a constant decreased
blood flow in the donor that permanently modifies the arterial structure leading
to postnatal alterations in the vascular system. Fetoscopic LASER surgery of
placental vascular anastomoses may disrupt the underlying pathophysiology and
improves cardiovascular function with normalization of systolic and diastolic
function within weeks after treatment.
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The impact of cardiovascular changes is relevant for the safety of the management
of a TTTS case. The improvement of the perinatal survival after intrauterine
surgery leads to viable infants with the longer-term sequelae. Therefore
accurate quantification of cardiovascular involvement is essential for clinicians
for pregnancy management but also for patient counseling about the potential
treatment options the outcome.
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Introduction The great majority of all
Monochorionic diamniotic =~ monochorionic pregnancies have
(MCDA) twin pregnancies occur in  placental vascular anastomoses that

approximately 70-75% of monozygotic
twinning and have an increased risk of
adverse perinatal outcomes [1,2]. The
specific challenges of monochorionic
pregnancies arise from the particular
vascularization of a shared placenta
[3]. Assisted reproductive techniques,
by using day 5 blastocyst transfers,
sociodemographic changes and
delaying of pregnancy to a later
maternal age, increases the prevalence
of both dichorionic and monochorionic
twinning [4,5].

interconnect the fetal circulations [6].
Twin-to-twin  transfusion  syndrome
(TTTS) complicates up to 15% of
monochorionic pregnancies and without
intrauterine surgery carries an increased
risk of fetal morbidity and mortality
[7]. The characteristic unidirectional
artery—vein anastomoses pattern may
lead to a hemodynamic imbalance within
the circulations of the twins, directly
adversely affecting placental perfusion
and fetal cardiac function [8].
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The
pregnancies

The placental vascular anastomoses allow a direct
vascular connection between the twins. The arterio-
arterial (AA) and veno-venous (VV) anastomoses are
direct, superficial end-to-end anastomoses located on the
chorionic plate. The blood flow through these anastomoses
is bidirectional [9]. The unidirectional arterio-venous
(AV) anastomoses are located at the capillary level, where
a cotyledon is supplied by an artery of one twin (the donor)
and blood is drained through a vein into the circulation of
the other twin (the recipient) [10].

In MCDA pregnancies, placental characteristics
determine the occurrence of severe complications,
including selective intrauterine growth restriction
(sIUGR), twin-twin transfusion syndrome (TTTS) and
spontaneous twin anemia-polycythemia sequence (TAPS)
[3]. The three forms are not totally separate entities, the
overlap being possible.

The association between specific combinations
of anastomoses and the development of complications
in MCDA twins has been studied [11]. While AV
anastomoses are found in all TTTS placentas, fact
demonstrated by both fetoscopic and pathologic studies
(postnatal injections) [12], AA anastomoses are rarer in
TTTS placentas compared with uncomplicated MCDA
pregnancies [13,14]. This fact leads to the conclusion that
AA anastomoses may play an important role in preventing
the development of TTTS. AA protective role was studied
both in vitro and in vivo [15,16]. Conflicting data exist
about VV anastomoses, some studies suggesting that this
type of anastomoses may increase the risk of TTTS [17],
while others reported a comparable or lower prevalence
of VV anastomoses in TTTS placentas compared to non-
TTTS placentas [9].

The type, number, size and location of vascular
anastomoses may vary between the different subgroups
of MC twin placentas. The analysis of the differences
regarding the angioarchitecture helps elucidate the specific
role of the various anastomoses in the development of
specific complications in MC pregnancies [16]. TTTS
develops when unbalanced deep artery-to-vein anastomoses
allow a net transfer of fluid from one twin to its co-twin
in the absence of a compensatory AA or contralateral AV
anastomoses [18].

Beside the blood shift from donor to recipient,
in TTTS the twins are also exposed to the endocrine
environment and vasoactive mediators produced by each
other [11]. In response to hypovolemia, the compensatory
mechanisms increase the secretion of vasoactive mediators
in the donor, which may in turn be transferred to the
recipient [19]. Therefore, the cardiovascular system of the
recipient twin is affected at several sites: preload, cardiac
function and afterload [13].

placental circulation in MCDA

TTTS pathophysiology

TTTS is a severe condition, usually present
between 15 and 25 weeks of gestation; its precise initiating
mechanisms remain uncertain [20]. The condition is
essentially hemodynamic, the continuing volume shift
resulting in hypervolemia in the recipient and hypovolemia
in the donor, with activation of additional hormonal factors
[21]. Vasoactive mediators, especially endothelin I (ET-1)
is implicated in systemic hypertension of recipient [22].
Moreover ET-1 levels directly correlate with the severity of
the recipient hydrops [22]. Natriuretic peptides, localized
predominantly to the distal convoluted tubules of the fetal
kidney, heart and brain, are responsible in the recipient
for the increased glomerular filtration rate and decreased
tubular reabsorption, leading to an increased urinary output
and polyhydramnios [23,24]. Hypovolemia and chronic
hypoperfusion of the donor kidneys determine oliguria and
oligohydramnios.

Discordant renin—angiotensin-aldosterone system
(RAAS) activation seems also to play a role in TTTS
pathogenesis. Elevated cord blood renin levels have been
observed in both twins, although renin mRNA and protein
are upregulated in donor and down-regulated in recipient
kidneys [25]. Angiotensin II (AT-2) increases peripheral
vascular resistance and causes secretion of aldosterone from
the adrenal cortex, which increases tubular reabsorption
of sodium and fluid to regulate against hypovolemia.
Although AT-2 activity seems to maintain the donor’s
blood pressure higher levels could potentially decrease
renal and placental blood flow worsening donor oliguria
and oligohydramnios [26]. Both twins are exposed to high
levels of RAS components and placental anastomoses
could play a role of in the transfer of RAAS components
from donor to recipient [27]. The blood flow shift to the
recipient fetus and prolonged exposure of the donor twin to
vasoconstrictive influence aggravate renal hypoperfusion,
resulting in persistent activation of RAAS thus maintaining
the vicious circle [28].

Recipient cardiovascular pathophysiology

Monochorionic twins are known to have an
increased risk for congenital heart defects even in the
absence of TTTS with only one twin mainly affected
[29]. The cardiovascular impact of TTTS is due to altered
hemodynamics with volume-overload and increased
peripheral vascular resistance from vasoactive mediators
[30]. These could cause systolic and diastolic dysfunction
in both twins. Functional cardiovascular changes appear in
the early stages and may lead to structural heart disease. In
approximately 70% of the cases the recipient twin shows
echocardiographic signs of cardiovascular complications at
the time of diagnosis [31].

Ultrasound Doppler examinations of the arterial,
venous and cardiac systems are used for the assessment
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of the fetal circulation. Unbalanced blood volume in
TTTS with preload changes in the venous compartment
makes umbilical venous flow to be significantly higher in
recipients than in donors [32]. In advanced disease severity,
umbilical venous flow decreases in recipients as a sign of
cardiac system inability to accommodate venous return.
Impaired cardiac function leads to abnormal flow patterns
in ductus venosus [33].

The ductus venosus (DV) is a vascular shunt that
acts as a pressure transducer and reflects pressure-volume
changes in the fetal heart [34]. DV Doppler assessment
is used to monitor the response to fetoscopic LASER
surgery and in the early stratification of patients who are
at risk of developing TTTS [35]. At the time of diagnosis,
blood flow abnormalities occur significantly more often in
the recipient than in the donor and have been correlated
with development of hydrops and with lower survival
in the recipient twin. Abnormal blood flow in the DV in
advanced stages is characterized by increased pulsatility
and subsequently absent or reversed flow during atrial
contraction [36].

The relative prolongation of systolic flow and
shortening of diastolic filling time indicates impaired
ventricular filling in the recipient heart [37]. The diastolic
dysfunction usually precedes and is more pronounced
than the systolic dysfunction [38]. Evaluation of the
myocardial performance index (MPI) could bring further
understanding of the cardiac adaptation in TTTS fetuses
[39]. This parameter evaluates both systolic and diastolic
myocardial function representing the quotient of the sum
of the duration of isovolumetric contraction time (ICT) and
isovolumetric relaxation time (IRT) divided by the ejection
time (ET). Prolonged ICT, IRT and higher MPI are found in
recipients at all TTTS stages due to a slow chronic increase
in volume load with increased ventricular dimensions [40].
An important atrioventricular valve regurgitation is present
and often extending throughout more than half of the
cardiac cycle [41,42]. The consequent changes in ventricular
shape and morphology appear due to the local wall stress
resulting in local fibrosis and cell death. In addition, pressure
overload, the result of the release of vasoactive factors in the
donor twin (such as angiotensin II and endothelin I, which
are also transferred to the recipient twin through vascular
anastomoses) determines hypertrophic cardiomyopathy and
right ventricular outflow tract abnormalities in the recipient
[43]. Major changes in preload and afterload could lead to
decreased ventricular strain of both ventricles in recipient in
the early stages of TTTS [40].

Abnormal Doppler evaluation of blood flow in the
umbilical artery is a less common finding in the recipient
and is probably a consequence of placental compression
from polyhydramnios or heart failure with severely reduced
systolic function [41].

True pulmonary stenosis/atresia is not a
characteristic of MCDA twins, being present even in the

absence of TTTS [35]. Secondary to right heart dysfunction,
with right heart enlargement, cardiomegaly and tricuspid
valve regurgitation, the flow through the pulmonary valve
decreases potentially leading to narrowing and stenosis
(figures 1, 2). The resultant functional pulmonary valve
stenosis resolves completely following LASER therapy in
80-90% of the cases [44,45].

Figure 1. B mode great vessels evaluation: pulmonary stenosis,
hyperechoic pulmonary valves and poststenotic dilatation.

Figure 2. CFM evaluation. Stenotic pulmonary valve and
poststenotic dilatation.

Donor cardiovascular pathophysiology

Although donor fetuses usually have normal
echocardiographic parameters at diagnosis of TTTS, they
are already hypovolemic and having a lowered renal
perfusion. The maladaptive humoral response to pressure
changes induces a constant decreased blood flow in the

MEDICINE AND PHARMACY REPORTS Vol. 93 / No. 1/2020: 5 - 11




Obstetrics and Gynecology

donor which modifies permanently the arterial structure
leading to postnatal alterations in the vascular system [46].
Increased collagen synthesis, smooth muscle hypertrophy
and vascular medial hypertrophy are permanent physical
changes in the systemic arteries responsible for vascular
stiffness of surviving donors in childhood [31].

Ductus venosus abnormalities are less prevalent
in the donor than in the recipient twin. Hypovolemia
determines DV inlet dilatation favoring an increased blood
flow through the DV. In only about 3—10% of the cases
abnormal Doppler waveforms or increased transmission of
the pulse wave into the UV are present [10].

The increased umbilical artery pulsatility indices
in the donor twins suggest increased placental resistance.
These may be due to a primary maldevelopment of the
placenta and unequal placental sharing combined with
hemodynamic imbalance and hypovolemia [47]. Absence
or reversal of end-diastolic velocities in the umbilical
artery represent risk factors for intrauterine fetal demise
of donor twin after selective LASER photocoagulation of
communicating vessels [48].

Cardiovascular long-term implications

Even though the TTTS is known to be associated
with high rates of mortality, and the survival of both fetuses
is rare, a high percentage of morbidity is reported for the
surviving fetuses.

Earlier reports suggested an abnormal cardiovascular
outcome in up to 38-46% of the recipient twins, mainly
signs of right heart disease, in utero or postnatal [46].
Myocardial hypertrophy, significant tricuspid regurgitation,
atrial septal defect, pulmonary valve stenosis requiring
postnatal balloon valvuloplasty were common before
the use of selective fetoscopic LASER photocoagulation
(SFLP) as the therapy of choice [30].

Early-onset advanced TTTS and potential adverse
effects from co-twin demise are associated with a high
perinatal loss rate and risk of severe neurologic impairment
among survivors [49]. If SFLP is performed several weeks
before delivery, the changes in hemodynamics allows cardiac
remodeling and resolution of tricuspid regurgitation [50].
Probably the plasticity of the fetal tissues permits the cardiac
remodeling after the removal of the stressor factor [51].

Multiple studies indicate that congenital heart
disease is over-represented in MCDA twins compared with

Table I. The Quitero classification of TTTS [60].

the general population, been encountered even in TTTS. A
possible explanation is a shared genetic etiology but further
studies are needed [52]. Heart disease causes approximately
half of the postnatal deaths of the recipient twins. Even after
the fetoscopic LASER surgery, they bear a long-term risk
for cardiac disease compared to the general population [53].
Altered fetal blood flow in TTTS could lead to an increased
risk of coarctation of the aorta or a hypoplastic aortic arch in
the donor twin and right ventricular outflow tract anomalies
(RVOT) and atrial septal defect in the recipient [52,54].

Ventricular hypertrophy with tricuspid regurgitation
in the recipient may conduct to valve dysplasia, stenosis,
regurgitation, or functional atresia for the recipient. RVOT
anomalies in MC pregnancies occur not only in recipients
but also in donors, after a transient hydrops [55]. Immediate
and long term impact on the tricuspid valve is unknown and
in some cases they may require longer-term follow-up and
even postnatal treatment [56].

In conclusion, cardiac acquired lesions determined
probably by both altered hemodynamics and vasoactive
mediators can progress despite the functional improvement
perhaps due to a structural damage. Increased experience
with LASER techniques together with improved early
neonatal care and survival, can ameliorate TTTS prognosis,
but there is still arisk of developing postnatal cardiovascular
sequelae [57].

Antenatal therapy and its implication on the
cardiovascular system

Fetoscopic LASER photocoagulation of placental
vascular anastomoses is nowadays the first line treatment
in patients with TTTS [53,58]. There are many LASER
coagulation protocols. Recent data suggest that the use of
Solomon technique, the coagulation of the vascular equator
of the chorionic surface is superior to selective coagulation
of anastomoses regarding TAPS or TTTS recurrence, but
no difference has been found between the two technique
for long term morbidity and mortality [59]. Therapeutic
options utilized in the past ranged from expectant therapy,
to invasive procedures such as repeated amniocentesis,
selective reduction and amniotic septostomy. All these
methods lead to an improvement in overall perinatal
survival compared with untreated TTTS [31]. The
classification used for TTTS stadialization described by
Quintero is depicted in table 1.

Poly/oligohydramnios sequence | Absent bladder in the donor | Abnormal Doppler” Hydrops m
I + - - -

1l + -
11 + -
v + -
v + -

+ o+
1
1

+ + +

*Abnormal Doppler: absent end diastolic flow, reverse end diastolic flow, pulsatile umbilical venous flow
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The results of multicentric randomized trials
proved the superiority of LASER treatment over serial
amnioreductions in terms of survival and neurologic
morbidity for Quintero stage >2 TTTS [28]. The occlusion
of the vascular connections between the twins stops the
abnormal blood circulation, improving the cardiovascular
function in the recipient with normalization of systolic and
diastolic function [30,47].

The perinatal outcome following the fetoscopic
procedures improved over the years being related to the
evolution of the LASER technique, operator learning
curve, amelioration of the referral timing and improved
early neonatal care [61]. The treated fetuses need to be
followed up carefully by periodic ultrasound assessment of
the fetal heart, brain, limbs, serial Doppler velocities [58].

The impact of LASER therapy on fetal cardiac
function and hemodynamic variables in TTTS was
extensively investigated [47]. Significant improvement of
systolic function and cardiac contractility of both ventricles
was observed in recipients after interrupting the transfer of
fluids and mediators [62]. SFLP alters both preload and
afterload, with a significant decrease in DV pulsatility
index and normalization of time intervals with lengthening
of filling times. As a consequence, improved diastolic heart
function was present in the recipient twin [33]. Therefore
after the correction of the hemodynamic imbalance the
majority of fetuses will recover without developing RVOT
anomalies [63]. Although 9 up to 12.5% had persistent
anomalies requiring postnatal treatment [63].

In the donor, rapid increase in left ventricular filling
pressure, volume and cardiac output result in reappearance
of end-diastolic flow in the UA and a significant increase of
pulsatility index after the procedure [40]. Umbilical venous
flow is increased by more than 50% in donor within 48
hours of SFLP and improved renal perfusion is reflected by
reappearance of bladder filling [64]. The volume-overload
in the donor is occasionally accompanied by transient
hydrops [62]. In case of hydrops, up to one third of fetuses
develop RVOT anomalies directly following LASER
therapy [56]. Fortunately, the majority of hydropic infants
with TTTS have normal cardiac outcomes following
intrauterine LASER surgery [55].

Despite improved survival, a number of fetuses
are at high risk for intrauterine demise after LASER
coagulation. One of the strongest predictors of recipient
demise is preoperative echocardiographic evidence of
TTTS cardiomyopathy [65]. The losses of fetal recipients
treated by SFLP usually occur within 24 hours of the
procedure [66]. Postoperative signs of cardiac overload in
both twins and the presence of congenital heart diseases are
associated with significant morbidity and mortality [65,67].

Conclusions

TTTS is associated with an increased risk of
perinatal morbidity and mortality. Quintero staging system
is currently used for the assessment of TTTS severity.

Currently, fetoscopic LASER surgery has become the
primary treatment, with the intention to increase the chance
of survival of at least one twin. In severe untreated cases,
the mortality rate is as high as 90% and even with treatment,
there is an increased risk of neurological and cardiac
complications, as well as a significant risk of preterm birth.

The impact of cardiovascular changes in terms
of cerebral perfusion and longer-term neurological
development is relevant on the safest course of management
and possible outcomes. Considering that perinatal survival
for TTTS is improved, understanding the longer-term
sequelae is highly important. Accurate assessment and
quantification of cardiovascular involvement is essential for
pregnancy management. It is also important to emphasize
the long-term cardiac sequelae of the surviving fetuses
while counseling the parents on the current treatment
possibilities.
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