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Twin Anemia Polycythemia Sequence: Knowledge
and Insights After 15 Years of Research
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Johanna M. Middeldorp', Jeanine M.M. Van Klink?, Femke Slaghekke'

Abstract
Twin anemia polycythemia sequence (TAPS) is a chronic form of unbalanced feto-fetal transfusion through minuscule placental |
anastomoses in monochorionic twin pregnancies, leading to anemia in the donor twin and polycythemia in the recipient twin. TAPS
can occur spontaneously in up to 5% of monochorionic twins or can arise in 2%—16% of cases after incomplete laser surgery for twin-
twin transfusion syndrome. TAPS can develop across the entire second and third trimester. Antenatal diagnosis for TAPS is reached
via Doppler measurement of the fetal middle cerebral artery peak systolic velocity, showing an increased velocity in the donor,
combined with a decreased velocity in the recipient. Treatment options for TAPS include expectant management, preterm delivery,
intrauterine blood transfusion with or without a partial exchange transfusion, fetoscopic laser surgery and selective feticide. The best
treatment option is unclear and is currently being investigated in an international multicenter randomized trial (the TAPS ftrial).
Spontaneous fetal demise occurs in 5%—-11% of TAPS twins, more often in donors (8%—18%) than in recipients (2%-5%). Severe
long-term neurodevelopmental impairment is seen in 9% of TAPS twins, with donors having an increased risk for cognitive
impairment and hearing problems (15%).
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Placenta

Introduction

Monochorionic twins share one placenta and have their
circulations connected to each other via placental vascular
anastomoses. Under normal circumstances, feto-fetal
blood transfusion through these anastomoses is balanced.
However, in approximately 15% of monochorionic twins,
blood flow between the fetuses is unequal, which may lead
to severe complications including twin-twin transfusion
syndrome (TTTS) or twin anemia polycythemia sequence
(TAPS)." In TTTS, an imbalanced blood flow through
relatively large placental anastomoses causes hypovolemia
and oliguria in the TTTS donor and hypervolemia and
polyuria in the TTTS recipient. This gradually leads to
oligohydramnios in the donor twin and polyhydramnios in
the recipient twin, a situation also referred to as twin
oligohydramnios-polyhydramnios sequence (TOPS).
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Whereas the diagnosis of TTTS has been widely
established, TAPS is a relatively recently described form
of chronically unbalanced feto-fetal transfusion, leading to
anemia in the donor twin and polycythemia in the recipient
twin, without signs of TOPS.? There are two types of TAPS:
spontaneous and post-laser TAPS. Spontaneous TAPS
occurs in up to 5% of monochorionic twin pregnancies.®**
Post-laser TAPS can develop in 2%-16% of TTTS twins
treated with laser surgery as the result of residual
anastomoses.”*® In 2006, Robyr et al. were the first to
report that TAPS may occur in a subgroup of TTTS cases
that had fetoscopic laser surgery of the vascular anastomo-
ses.” However, at that time the cause of the disease was still
unknown, and no clear terminology was used to describe
this phenomenon. At the same time, our research group
reported three cases of spontaneous TAPS and proposed the
pathophysiologic explanation for the onset of the disease
based on the presence of minuscule placental anastomoses.”
To clearly demarcate this new form of feto-fetal transfusion
from the well-known TTTS, the term “twin anemia
polycythemia sequence”, as well as its acronym TAPS,
was introduced. Since then, multiple reports of TAPS cases
across the world emerged, which gradually have led to
acceptance of this diagnosis as a distinct, separate disease in
monochorionic twins. This review presents the current
insights regarding pathogenesis, diagnostics, treatment and
outcomes in this condition, and provides a comprehensive
overview of the results of 15 years of research into TAPS.

Pathogenesis
Placental characteristics

TAPS is caused by a slow and chronic unbalanced feto-
fetal transfusion through minuscule placental anastomo-
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ses, gradually leading a large hemoglobin difference with
anemla in the donor twin and polycythemia in the recipient
twin.”> The classical clinical picture of TAPS is a pale
anemic donor and a plethoric polycythemic recipient
(Fig. 1). TAPS placentas differ from placentas of uncom-
plicated monochorionic twins in various ways. Whereas
the latter is characterized by multiple large anastomoses of
various caliber (arterio-venous (AV), veno-arterial (VA),
arterio-arterial (AA), and veno-venous (VV)) (Fig. 2),
TAPS placentas demonstrate only one or a few very small
anastomoses (diameter <1 mm) (Fig. 3). These are mostly
only minuscule AV and VA anastomoses7, which allow
slow unidirectional feto-fetal blood flow.”® AA anasto-
moses are less frequently seen in TAPS placentas (19%)
than in 7placentas of uncomplicated monochorionic twins
(91%).”~” When AA anastomose are present in TAPS, they
are always minuscule. AA anastomoses are considered to
protect against the development of TAPS or TTTS, because
their bidirectional nature allows for intertwin equilibra-
tion of blood volumes. VV anastomoses are even more
uncommon (7% ) in TAPS placentas.7’8 Spontaneous TAPS
and post-laser TAPS placentas differ from one another as
well. Spontaneous TAPS placentas have more anastomo-
ses, and they are located across the entire vascular
equator.'® Post-laser TAPS placentas often only have
one minuscule residual AV anastomosis that is likely to be
located at the margin of the placenta, where it more easily
missed during laser surgery (Fig. 4).

TAPS vs. TTTS

The absence of TOPS is an essential element in the
diagnosis of TAPS. The presences of TOPS is only
pathognomonic for TTTS. The mechanism that prevents
the TAPS donor to develop oligohydramnios and the TAPS
recipient to develop polyhydramnios is not entirely
understood. The most probable hypothesis is that the
slow transfusion in TAPS allows more time for a
hemodynamic compensatory mechanism to take place.
Another aspect that could explain the difference in clinical
presentation, might be the hormonal dysregulation that
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has been reported to take place in twins with TTTS.!!
TTTS donors show high renin levels, likely as results of
renal hypoperfusion, and recipients have absent renin
protein, due to down-regulation caused by hypervolemia.
In TAPS, this hormonal discordance is not described.
Interestingly, in small subgroup of monochorionic twins
TTTS and TAPS seem to co-exist. Approximately 8%-—
19% of TTTS twins show signs of fetal anemia in the TTTS
donor and fetal polycythemia in the TTTS recipient twin
before laser treatment.'*™'* Similar to the placental
angioarchitecture of TAPS, placentas of twins with TTTS
and co-existing anemia-polycythemia showed fewer
anastomoses than twins with isolated TTTS.

TAPS and fetal growth restriction (FGR)

Co-existing FGR commonly occurs in TAPS pregnancies,
and usually affects the TAPS donor. Recent reports show
that in spontaneous TAPS, around 50% of the donors is
severely growth- restricted (blrth weight <3™ Centlle)
compared to 11% of recipients.® In case of FGR in the
recipient twin, the donor twin was usually also growth
restricted but even more severe. In post-laser TAPS, this
difference between donor and recipient is not observed,
probably due to the fact that a large part of post-laser
TAPS donors have previously been TTTS recipients, which
in turn are often the larger twin.”® Although the donor
usually is the smaller infant, it often has a paradoxically
larger placental share compared to its recipient co-twin
(Figs. 3A,3B). '3 This finding is only reported in TAPS
twins and not in twins with isolated selective FGR or
TTTS.'®'” FEGR in TAPS therefore appears to be
determined by inter-twin blood transfusion rather than
unequal placental sharing.

Unusual TAPS cases

Although TAPS generally occurs in monochorionic
diamniotic (monozygotic) twin pregnancies, there are
reports of the condition to develop in monochorionic
monoamniotic twins and even in dichorionic diamniotic

Figure 1. Spontaneous TAPS twins at birth. On the left hand-side the
plethoric polycythemic recipient and on the right-hand side the pale
anemic donor. Parental consents were obtained for publication of the
pictures of the children. TAPS: Twin anemia polycythemia sequence.

Figure 2. Placenta of an uncomplicated monochorionic twin showing
multiple large anastomoses. AA: Arterio-arterial; AV: Arterio-venous; VA:
Veno-arterial; VV: Veno-venous.
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Figure 3. Placenta from a spontaneous TAPS twin born at a gestational age of 34+ weeks. Twin 1 is the recipient (1990 g, Hb 26.1 g/dL), twin 2 is the
anemic donor (1730 g, Hb 8.2 g/dL). A The maternal side of the placenta, demonstrating a striking color difference between the plethoric placental share
of the recipient and the pale share for the anemic donor. B Fetal side of the placenta injected with color dye. The placental share of the recipient is injected
with blue (arteries) and red (veins), the placental share of the donor is injected with green (arteries) and yellow (veins), (C: refers to Fig. 3C). C Three
minuscule anastomoses: two veno-arterial anastomoses (recipient « donor) and one arterio-venous anastomoses (recipient — donor). AV: Arterio-
venous; Hb: Hemoglobin; TAPS: Twin anemia polycythemia sequence; VA: Veno-arterial.

twins. Diehl et al. reported a monoamniotic twin that was
diagnosed with TAPS at 26 weeks of gestation and was
successfully treated with fetoscopic laser surgery.'® While
monoamniotic twins are characterized by large placental
anastomoses (with a large AA anastomosis between the
proximately inserted umbilical cords), this case only
showed minuscule placental anastomoses at fetoscopy,
consistent with the pathophysiology of TAPS. Dichorionic
twins are generally not at risk of developing TAPS, due to
the separate placentas with no vascular connections
between the two fetal circulations. However, Zilliox
et al. described an atypical case of a dichorionic twin
diagnosed with TAPS at 31 weeks, resulting in neonatal
mortality in the severely anemic donor.'” Although the
clinical picture was confirming TAPS, the typical minus-
cule anastomoses could not be found at placental color dye
injection. Recently, our research group also reported on a
dichorionic twin with TAPS which led to severe cerebral
injury in the polycythemic infant (unpublished data). In
our case, placental injection revealed a minuscule deep-

hidden VV anastomosis. Lastly, TAPS has also been
reported in two cases of monochorionic dizygotic twins
with opposite sexes.***!

Antenatal diagnosis
Time of onset

TAPS can develop across a wide range in pregnancy, from
15 to 35 weeks of gestation, and is, in contrast to TTTS,
not restricted to a certain trimester.® The cause for the
variety in time of onset is not entirely clear, but might be
related to the type of anastomoses. Possibly, TAPS
placentas with AA anastomoses have a later time of onset
of the condition. In post-laser TAPS, most cases develop
within one month after the laser surgery for TTTS, but the
condition can be detected up to 17 weeks post-surgery.>*
In the majority of post-laser TAPS cases, the operator
assumed that laser surgery for TTTS was complete,
showing that this complication often develops unexpect-

R

Figure 4. Placenta from a post-laser TAPS twin, born at a gestational age of 31*° weeks. Twin 1 is the TAPS donor and former TTTS recipient (1445 g,
Hb 9.3 g/dL), twin 2 is the TAPS recipient and former TTTS donor (1715 g, Hb 23.5 g/dL). A Fetal side of the placenta injected with color dye. The
placental share of the donor is injected with blue (arteries) and red (veins), the placental share of the recipient is injected with green (arteries) and yellow
(veins), (B: refers to Fig. 4B). B One minuscule anastomosis at the margin of the placenta (arterio-venous, donor — recipient). AV: Arterio-venous; Hb:
Hemoglobin; TAPS: Twin anemia polycythemia sequence; TTTS: Twin-twin transfusion syndrome.
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edly. The first studies on post-laser TAPS showed that it
frequently was the former TTTS donor that became the
polycythemic TAPS recipient, and the former TTTS
recipient that became the anemic TAPS donor.’*>**
However, a recent large international study demonstrated
that reversal of donor- -recipient role in post- laser TAPS
occurred less frequently than previously thought.*? From a
total of 164 post-laser TAPS cases, 55% changed donor-
recipient role when post-laser TAPS developed.

Middle cerebral artery peak systolic velocity (MCA-
PSV) Doppler measurements

The antenatal diagnosis of TAPS is based on discordant
fetal MCA-PSV Doppler measurements, with an increased
velocity for the TAPS donor, suggestive of anemia,
combined with a decreased velocity in the recipient,
suggestive of polycythemia. MCA-PSV criteria for TAPS
have been changed over the years. First, MCA-PSV >1.5
multiples of the median (MoM) in the donor combined
with MCA-PSV <0.8 MoM in the recipient were proposed
for the antenatal detection of the condition.’ Thereafter, a
more conservative approach was adopted with regard to
the cut-off level for the recipient, and <1.0 MoM was
introduced to detect fetal polycythemia in TAPS. 25 Three
recent cohort studies show that an inter-twin difference (or
delta) MCA-PSV >0.5 MoM might be more sensitive to
detect TAPS than the use of strict cut-off levels, and the
classification system for TAPS was subsequently updated
with a delta MCA-PSV >0.5 MoM for stage 1 and >0.7
MoM for stage 2 (Table 1).*¢® In a recent Delphi
investigation a group of maternal-fetal medicine specialists
and neonatologists agreed on the use of >1.5 MoM for the
donor a MCA-PSV <0.8 MoM for the rec1plent or a delta
MCA-PSV >1.0 MoM to identify TAPS.?’ However,
during the Delphi investigation, the results of the recent
cohort studies investigating a delta MCA-PSV >0.5 MoM
were not available to all participants. What is the best
diagnostic criterion remains a subject of debate. Due to the
low incidence of TAPS, studies investigating the diagnostic
accuracy of MCA-PSV criteria are based on small numbers
and generally retrospective, thereby limiting generalizabil-
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Antenatal classification system for TAPS.

TAPS stage Findings at Doppler ultrasound examination

Stage 1 A delta MCA-PSV > 0.5 MoM
Without other signs of fetal compromise*

Stage 2 A delta MCA-PSV > 0.7 MoM ‘
Without other signs of fetal compromise”

Stage 3 As stage 1 or 2, with cardiac compromise of the
donor, defined critically abnormal flow

Stage 4 Hydrops in the donor

Stage 5 Intra-uterine demise of one or both fetuses

preceded by TAPS

MCA-PSV: Middle cerebral artery peak systolic velocity; MoM: Multiples of the median; TAPS: Twin
anemia polycythemia sequence.

: Critically abnormal Doppler is defined as absent or reversed end-diastolic flow in the umbilical artery,
pulsatile flow in the umbilical vein, increased pulsatility index or reversed flow in the ductus venosus.

ity and reliability of the proposed diagnostic criteria. Large
prospective studies investigating MCA-PSV Doppler in the
general monochorionic-twin population are needed to

investigate which diagnostic criteria are most accurate to
identify TAPS.

Additional ultrasound findings

Although MCA-PSV discordancy is the cornerstone of the
diagnosis of TAPS, additional ultrasound markers associ-
ated with anemia and polycythemia have also been
reported. The placenta in TAPS can appear dichotomous
on sonographic examination with a hyperechogenic
(enlarged) placental share for the donor and a hypoecho-
genic (ﬂattened) placental share for the recipient
(Fig. SA).*° Moreover, donors can present with cardio-
megaly as a sign of cardiac remodulation to the chronic
anemic environment.”' Lastly, a so-called “starry-sky”

liver has been detected in recipients, an observation that is
based on the hyperechogenic congested portal venules and
diminished hver parenchyma thereby mimicking a starry
sky (Fig. 5B) A recent study shows that placental
dichotomy is seen in 44% of TAPS twins, that 70% of

Placenta of
recipient twin

Placenta of
donor twin

Figure 5. Sonographic image. A Sonographic image of placental dichotomy, with hyperechogenic placental share for the TAPS recipient with an
hyperechogenic placental share for the TAPS donor. B Starry-sky liver in a TAPS recipient. TAPS: Twin anemia polycythemia sequence.
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donors present with cardiomegaly, and that a starry-sky
liver is observed in 66% of recipients.*’ The vast majority
(86%) of TAPS twins presented with at least one of these
ultrasound markers. Whether the presence of these
markers might indicate a poorer prognosis is unclear

and is subject of future research.

Antenatal management

Treatment options for TAPS include expectant manage-
ment, preterm delivery, intrauterine blood transfusion
(IUT) in the donor with or without a partial exchange
transfusion (PET) in the recipient, fetoscopic laser
coagulation of the placental anastomoses and selective
feticide.

Expectant management

Expectant management consists of close monitoring with
MCA-PSV Doppler measurements. With expectant man-
agement, the pregnancy will not be exposed to iatrogenic
risks of intrauterine treatment, while allowing the
condition to resolve spontaneously. Spontaneous resolu-
tion has been reported before, and might occur after
thrombosis of the responsible AV anastomosis, or due to
reequilibration of blood flow through the small AV/VA(or
in rare cases AA or VV) anastomoses.>> Recently, data of
370 TAPS twins collected in an international registry
(TAPS Registry) were published. In this large international
cohort, spontaneous resolution occurred in 16% of TAPS
twins managed expectantly.’*

Preterm delivery

In some cases of TAPS, it is more preferable to deliver the
twins and treat anemia and polycythemia in the neonatal
intensive care unit than continuing the pregnancy and
extending exposure to chronic anemia and polycythemia.
A preterm delivery is of course only feasible after viability
is achieved, and preferably takes place after administration
of steroids to promote fetal lung maturation, and
magnesium sulfate for brain protection. TAPS twins
treated with preterm delivery are generally diagnosed at
a later gestational age and with a milder form of TAPS
(mostly stage 1).>*

IUT (with or without PET)

In case of severe anemia in the donor, an IUT can be
considered for symptomatic treatment. IUT can be
performed either intravascularly into the umbilical cord
insertion or in the intrahepatic portion of the umbilical
vein, or intraperitoneally into the abdominal cavity. The
techniques can also be combined. An (additional)
intraperitoneal TUT might have benefits, as it facilitates
a slower absorption of blood cells into the circulation of
the anemic fetus. A possible side effect of TUT is further
deterioration of the polycythemia-hyperviscosity syn-
drome in the TAPS recipient, which might result in skin
necrosis or limb ischemia.’ Therefore, in cases with signs
of severe fetal polycythemia in the recipient, an intrauter-
ine PET can be considered. With a PET, the recipients’
blood is partially replaced with saline, lowering the
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hematocrit and thus its viscosity. Although the added value
of PET has been supported by a computational model and
several case reports, recent results show that a simulta-
neous PET was only performed in 21% of the cases treated
with IUT.>*37 IUT (+PET) is not a definitive treatment
and only a temporary solution, and therefore reinterven-
tion might be required. Time between interventions is
reported to be approximately two weeks, but varies
between one to three weeks depending on the progressive-
ness of TAPS.?” In TAPS, IUT (+ PET) is mostly performed
after viable gestation and the majority of cases receives
only one intervention, followed by preterm delivery.
However, reintervention up to four to six times has also
been described.

As TAPS twins are identical and have the exact same
blood type, it might be of additional value to transfuse the
anemic twin with the recipient’s whole blood as donor
source instead of foreign blood. There is one report in the
literature of a postnatally diagnosed TAPS case, in which
the donor twin was successfully transfused with blood of
the recipient that was obtained during a postnatal PET.*®
Whether this technique can also be safely used during an
intrauterine procedure, and whether this leads to improved
outcome is unclear and requires further investigation.

Laser surgery

The only causal treatment for TAPS, apart from delivery, is
fetoscopic laser surgery of the vascular anastomoses at the
placental surface. Laser surgery has shown to drastically
decrease mortality and morbidity in TTTS,>” however, in
TAPS, the procedure is technically more challenging, due
to the absence of TOPS, the enlarged donor placental share
and size of the anastomoses, resulting in reduced
accessibility and visibility of the vascular equator. These
features might be especially limiting in TAPS cases with an
anterior placenta. TOPS can be artificially created with
amniodrainage of one sac and amnioinfusion in the other
sac, but this requires more needle insertions and might
increase the risk of preterm premature rupture of the
membranes (PPROM). Confirming technical limitations,
recurrence rate of TAPS after laser is 15 %, which is higher
than the recurrence rate of TTTS (1%), or the rate of post-
laser TAPS after laser for TTTS (3%).>**° Residual
anastomoses are found in 19% of the color-dye injected
TAPS placentas that were treated with laser surgery.®* This
rate is comparable with the residual anastomosis rate in
TTTS (19%).° However, in contrast to TTTS, residual
anastomoses after laser for TAPS always result in
recurrence of the disease.”® To increase likelihood of
coagulation of all minuscule anastomoses, even the ones
that cannot be visualized, the Solomon technique might be
of added value when performing a laser procedure in
TAPS. The rate of PPROM in laser for TAPS is 37% and
comparable with the PPROM rate in TTTS cases that have
been treated with laser.>**°

Selective feticide

Selective feticide can be an option in severe early-onset
TAPS, or on request of the parents and is aimed at
sacrificing one fetus to increase the chances of healthy
survival in the co-twin. In TAPS, it is commonly (87%) the
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donor twin who is sacrificed.>* Selective feticide does not
guarantee a complication-free survival for the co-twin, as
perinatal mortality and severe neonatal morbidity occur in
7%-25% of co-twins, respectively.

Best treatment option

Currently, there is no consensus on the best treatment for
TAPS.>**! Results of the TAPS Registry show that
treatment choices differ considerably within and amongst
fetal therapy centers; some centers only perform laser
surgery and selective feticide, others refrain from any in-
utero intervention and treat their TAPS cases expectantly
or with preterm delivery.>* When outcome is compared
between expectant management, preterm delivery, IUT (+
PET), laser surgery and selective feticide for 370 TAPS
cases, there is no difference in perinatal mortality between
treatment groups.”* This finding confirms results from
previous smaller studies.*>*® Severe neonatal morbidity
was significantly higher in cases treated with IUT (+ PET)
or with preterm delivery.>* Pregnancy was most success-
fully prolonged in twins that were managed expectantly,
treated with laser surgery or with selective feticide. As
treatment groups were not comparable at baseline and
differed considerably in terms of type of TAPS, gestational
age at diagnosis, and antenatal TAPS stage, it is likely that
outcome is heavily biased. Therefore, the true effect of
management for TAPS can only be properly investigated
when TAPS cases are randomized between treatment
groups, when stratification for risk factors is applied, and
when long-term consequences are taken into account.
Recently, the TAPS trial (NL6879), an international
multicenter open-label RCT comparing laser surgery to
standard care (expectant management, IUT (+ PET),
preterm delivery) has started recruiting patients.** From
the 44 TAPS pregnancies that are needed for the study, 7
have been randomized since April 2019.

Prevention

In contrast to the spontaneous form of TAPS, post-laser
TAPS is a complication after surgery for TTTS, and can,
therefore, be prevented. In the first years of fetoscopic laser
for TTTS, all vessels crossing the membranous equator
were coagulated, including vessels that were not anasto-
moses. The technique was then refined by introduction of
the Selective technique, in which only vessels that were
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actual anastomoses were coagulated.*> However, this
sometimes resulted in the development of é)ost-laser TAPS
as tiny anastomoses could be missed.*® The Solomon
technique, an alternative approach aimed at coagulating
the entire vascular equator, from one placental margin to
the other, without coagulating vessels that were not
anastomoses (but including the anastomoses that could
not be visualized), was shown to reduce the incidence of
residual anastomoses and post-laser TAPS.®* After
implementation of this new technique in our center, the
incidence of residual anastomoses has drastically
dropped.*® We therefore strongly recommend to perform
the Solomon technique during laser procedure for TTTS to
prevent TAPS.

Postnatal diagnosis

As approximately 40%-63% of the diagnosis TAPS is
missed antenatally but only diagnosed after birth,
postnatal diagnostic criteria for TAPS have also been
proposed.'®%> The first criterion for TAPS is an inter-twin
hemoglobin difference >8 g/dL.*” However, TAPS is not
the only condition that presents with discordant hemoglo-
bin levels at birth. Acute peripartum TTTS, a rare form of
the well-known TTTS that is believed to develop during
laboa, presents with a large hemoglobin discrepancy as
well.*® As the two conditions require a different
therapeutic neonatal approach, distinction at birth is
crucial. Donors with acute peripartum TTTS suffer from
acute anemia and hypovolemia and may thus need an
acute blood transfusion and fluid resuscitation in the first
hours after birth. In contrast, TAPS donor would benefit
from a more conservative therapeutic approach, with
slower blood transfusion or, in case of sufficient
erythropoiesis, even no blood transfusion at all. To
differentiate between TAPS and acute peripartum TTTS,
two additional criteria have been proposed (Table 2). The
first is a reticulocyte count ratio (%o) >1.7.*” In TAPS,
there is a high reticulocyte count (%o) in the donor twin, as
a result of increased erythropoiesis due to chronic anemia.
In acute peripartum TTTS, the rapid feto-fetal blood flow
has not allowed the donor to adapt, and, therefore,
reticulocyte values will be normal. The second criterion for
the postnatal diagnosis of TAPS is the presence of only
minuscule placental anastomoses (diameter <1 mm),
detected through color dye injection.? The pathogenesis
of acute peripartum TTTS is based on a large AA or VV

Postnatal criteria to distinguish between TAPS and peripartum TTTS based on hemoglobin and reticulocyte measures, and

color dye injection of the placenta.

Acute peripartum TTTS

Key criteria TAPS
Inter-twin hemoglobin difference >8 g/dL
Reticulocyte count ratio (%o) >1.7

Anastomoses

Placental observation
Maternal side of the placenta

Only a few minuscule anastomoses (diameter <1.0 mm)

>8 g/dL

<17

Numerous large anastomoses (diameter >1.0 mm),
with at least one AA or VV anastomosis

Additional placental observation that can support either of the diagnoses
Striking color difference between the pale anemic share

No color difference

of the donor and the plethoric polycythemic share of

the recipient

AA: Arterio-arterial; TAPS: Twin anemia polycythemia sequence; TTTS: Twin-twin transfusion syndrome; VV: Veno-venous.
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anastomoses, allowing a large volume of blood to flow
acutely and directly from donor to recipient.*® TAPS can
also simply be distinguished from acute peripartum TTTS
by observation of the maternal side of the placenta. In
TAPS, the placenta will show a striking color difference
between the pale share of the donor twin and the plethoric
share of the recipient twin (color difference ratio >1.5,
measured with Image]) (Fig. 3A).*” In acute peripartum
TTTS, this difference is not observed.>® To indicate the
severity of TAPS postnatally, a postnatal classification
system, based on magnitude of the inter-twin hemoglobin
difference, has been published (Table 3).*°

Short- and long-term outcome
Perinatal mortality

Spontaneous perinatal mortality occurs in 9% of sponta-
neous TAPS twins and in 18% of post-laser TAPS twins,
with donor twins having a 4-fold increased risk.””® In
spontaneous TAPS, perinatal mortality occurs in 12% of
donors, compared to 5% of recipients.® In post-laser TAPS
the difference is even more striking: more than a quarter
(26%) of TAPS donors dies, much more than the 10% of
TAPS recipients.” This difference in mortality between
donor and recipient is primarily seen antenatally.”® After
birth, spontaneous TAPS twins show comparable risks for
neonatal mortality. In post-laser TAPS, TAPS donor twins
are more at risk for neonatal mortality compared to their
recipient co-twins. Aside from donor-status, risk factors
for perinatal mortality are high antenatal TAPS stage (risk
increases with incrementing stage) and low gestational age
at birth.

Neonatal morbidity

Neonatal outcome in TAPS may vary between isolated
large inter-twin hemoglobin differences to severe neonatal
morbidity, including severe cerebral injury.?”>! Hemato-
logical complications are frequently seen in TAPS,
requiring one or multiple blood transfusions in the donor
twin and a PET in the recipient twin.*” Aside from a large
hemoglobin discordancy, other hematological values in
TAPS may also be abnormal. Donor twins may demon-
strate low levels of albumin and total protein, which might
partly explain the impaired fetal growth.>* Furthermore,
donors are more frequently diagnosed with leukopenia at
birth than the recipient co-twin and show an increased risk
for early-onset neonatal sepsis.’> These low albumin,
protein and leukocyte values indicate that not only
erythrocytes are transported through the minuscule
anastomoses in TAPS, but also that other hematological

Postnatal classification system for TAPS.

TAPS stage Inter-twin hemoglobin difference (g/dL)
Stage 1 >8.0-11.0

Stage 2 >11.0-14.0

Stage 3 >14.0-17.0

Stage 4 >17.0-20.0

Stage 5 >20.0

TAPS: Twin anemia polycythemia sequence.
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substances may be unequally distributed between the two
fetuses. Alternatively, chronic anemia and erythropoiesis
may result in a decreased production due to bone marrow
suppression. Recipient twins may have thrombocytopenia
at birth, likely also due to impaired bone marrow
production secondary to tissue hypoxia and impaired
spleen perfusion.*”**

TAPS donors may experience short-term renal dysfunc-
tion Sprobably resulting from chronic renal hypoperfu-
sion.”> TAPS recipients are at risk of developing
polycythemia-hyperviscosity syndrome, which can lead
to necrosis of the skin and (multiple) limb ischemia.’
Although this has been described in a few case reports,
limb ischemia was not reported in a cohort of 413 TAPS
cases in the TAPS Registry, and should therefore be
considered a rare complication in TAPS.>*?* Chronic
anemia or polycythemia can also result in severe cerebral
injury, which is reported to occur in 4% of spontaneous
TAPS twins and in 10% of post-laser TAPS twins and,
with similar rates for donors and recipients for both types
of TAPS.®?? Overall, severe neonatal morbidity occurs
32%-39% of TAPS twins, with no differences between
donors and recipients. Independent risk factors for
neonatal morbidity are low gestational age at birth, and
antenatal TAPS stage 4, with fetal hydrops in the TAPS
donor.

Long-term outcome

Due to the low incidence of the condition, large long-term
outcome studies in TAPS are scarce and data is mostly
based on uncontrolled cohort studies. In post-laser TAPS,
severe neurodevelopmental impairment (NDI) was ob-
served in 9% and was comparable to the rate of
impairment in TTTS twins treated with laser surgery.”*
The rate of NDI was comparable for post-laser-TAPS
donors and recipients. Risk factors for NDI in post-laser
TAPS survivors were low gestational age at birth, and
treatment with IUT (+ PET).

In spontaneous TAPS, long-term outcome was investi-
gated in two studies. A small study from South Korea
reported a comparable incidence of cerebral palsy at two
years of age between TAPS survivors (0/17, 0%) and a
control group of uncomplicated monochorionic twins (1/
109, 0.9%). Other long-term outcome parameters were
not investigated. Notably, the diagnosis of TAPS in this
group was only based on an inter-twin hemoglobin
difference >8.0 g/dL, so a mix-up with acute peripartum
TTTS cases cannot be precluded. A larger study from our
group was published recently. In a cohort of 74
spontaneous TAPS survivors, severe NDI was detected
in 9%, and was higher in donors (18%) than in recipient
(3%).>® Overall, donors showed higher rates of mild
cognitive impairment (35% vs. 18%), and lower rates of
NDI-free survival (45% ws. 80%) than recipients.
Additionally, a surprisingly high rate of bilateral deafness
(15%) was observed in TAPS donors, and in 0% of
recipients. Deafness was in all donors based on auditory
neuropathy spectrum disorder. The exact cause for the
high rate of deafness in donor twins is not entirely clear,
but it is not observed in TTTS twins or children that
suffered from chronic fetal anemia based on erythrocyte
alloimmunization.””*® Possibly, chronic hypoxia in TAPS
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donors might damage not only the developing brain but
also the auditory nerve system. Notably, histologic
examination of TAPS placentas showed a decreased level
of oxygenation in the placental share of the donor twin.>”
Aside from donor status NDI was also strongly associated
with a low gestational age at birth, once again stressin()g the
profound impact of prematurity on lifelong health.’

Conclusions

During the last 15 years, our knowledge on TAPS has
expanded greatly. TAPS has now become a distinct entity in
monochorionic twinning, with its own characteristic
pathogenesis, time of onset, diagnostic criteria, classifica-
tion systems and short- and long-term outcome. To further
improve care for TAPS, the future holds some major
challenges. One of the biggest challenges will be the
implementation and uniformization of routine MCA-PSV
measurements into the biweekly ultrasound exams for
monochorionic twins to timely reach the diagnosis.
Moreover, every center caring for TAPS pregnancies should
perform a complete postnatal diagnostic work-up including
hemoglobin, reticulocyte count and placental color dye
injection, to be able to adequately diagnose TAPS and
distinguish the condition from other monochorionic twin
problems such as acute peripartum TTTS, and check
whether laser therapy was successful. Moreover, a lotcan be
learned if all centers managing TAPS twins would register
short- and long-term outcomes, to enable evaluation of the
effects of their treatment choice. As the consequences of
TAPS are not limited to the neonatal phase but also manifest
later in life, routine long-term neurodevelopmental follow-
up in this population is of paramount importance. Lastly,
investigation of the best treatment option for TAPS
pregnancies is vital to prevent severe adverse outcome.
Results of the TAPS Trial, an international randomized
controlled trial are eagerly awaited.

Funding

None.

Conflicts of Interest

None.

References

[1] Berghella V, Kaufmann M. Natural history of twin-twin transfusion
syndrome. ] Reprod Med 2001;46(5):480-484.

[2] Lopriore E, Middeldorp JM, Oepkes D, et al. Twin anemia-
polycythemia sequence in two monochorionic twin pairs without
oligo-polyhydramnios sequence. Placenta 2007;28(1):47-51.
doi:10.1016/j.placenta.2006.01.010.

[3] Lewi L, Jani J, Blickstein L, et al. The outcome of monochorionic
diamniotic twin gestations in the era of invasive fetal therapy: a
prospective cohort study. Am J Obstet Gynecol 2008;199(5):514.
el-514.e8. doi:10.1016/j.ajog.2008.03.050.

[4] Yokouchi T, Murakoshi T, Mishima T, et al. Incidence of
spontaneous twin anemia-polycythemia sequence in monochor-
ionic-diamniotic twin pregnancies: single-center prospective study. J
Obstet Gynaecol Res 2015;41(6):857-860. doi:10.1111/jog.12641.

[5] Robyr R, Lewi L, Salomon L], et al. Prevalence and management of
late fetal complications following successful selective laser coagulation
of chorionic plate anastomoses in twin-to-twin transfusion syndrome.
Am J Obstet Gynecol 2006;194(3):796-803. doi:10.1016/.ajog.
2005.08.069.

40

Maternal-Fetal Medicine

[6] Slaghekke F, Lewi L, Middeldorp JM, et al. Residual anastomoses in
twin-twin transfusion syndrome after laser: the Solomon random-
ized trial. Am ] Obstet Gynecol 2014;211(3):285.e1-285.¢7.
do0i:10.1016/j.aj0og.2014.05.012.

[7] Tollenaar LSA, Lopriore E, Faiola S, et al. Post-laser twin anemia
polycythemia sequence: diagnosis, management, and outcome in an
international cohort of 164 cases [published online ahead of print,
2020 Jul 27]. J Clin Med 2020;9(6):1759. doi:10.3390/
icm9061759.

[8] Tollenaar LSA, Slaghekke F, Lewi L, et al. Spontaneous Twin Anemia
Polycythemia Sequence: Diagnosis, Management and Outcome in an
International Cohort of 249 Cases [published online ahead of print,
2020 Jul 27]. Am J Obstet Gynecol 2020;50002-9378(20)30773-0.
doi: 10.1016/}.aj0g.2020.07.041.

[9] de Villiers S, Slaghekke F, Middeldorp JM, et al. Arterio-arterial
vascular anastomoses in monochorionic twin placentas with and
without twin anemia-polycythemia sequence. Placenta 2012;33
(3):227-229. d0i:10.1016/j.placenta.2012.01.009.

[10] de Villiers SF, Slaghekke F, Middeldorp JM, et al. Placental
characteristics in monochorionic twins with spontaneous versus
post-laser twin anemia-polycythemia sequence. Placenta 2013;34
(5):456-459. d0i:10.1016/j.placenta.2013.02.005.

[11] Mahieu-Caputo D, Dommergues M, Delezoide AL, et al. Twin-to-
twin transfusion syndrome. Role of the fetal renin-angiotensin
system. Am ] Pathol 2000;156(2):629-636. doi:10.1016/S0002-
9440(10)64767-0.

[12] Tollenaar LSA, Slaghekke F, van Klink JMM, et al. Twin-twin
transfusion syndrome with anemia-polycythemia: prevalence, char-
acteristics, and outcome. ] Clin Med 2019;8(8):1129. doi:10.3390/
jecm8081129.

[13] Van Winden KR, Quintero RA, Kontopoulos EV, et al. Pre-
operative twin anemia/polycythemia in the setting of twin-twin
transfusion syndrome (TTTS). Fetal Diagn Ther 2015;37(4):274—
280. doi:10.1159/000365919.

[14] Donepudi R, Papanna R, Snowise S, et al. Does anemia-
polycythemia complicating twin-twin transfusion syndrome affect
outcome after fetoscopic laser surgery? Ultrasound Obstet Gynecol
2016;47(3):340-344. doi:10.1002/uog.14913.

[15] Zhao D, Slaghekke F, Middeldorp JM, et al. Placental share and
hemoglobin level in relation to birth weight in twin anemia-
polycythemia  sequence.  Placenta  2014;35(12):1070-1074.
do0i:10.1016/j.placenta.2014.09.019.

[16] Groene SG, Tollenaar LSA, van Klink JMM, et al. Twin-twin
transfusion syndrome with and without selective fetal growth
restriction prior to fetoscopic laser surgery: short and long-term
outcome. J Clin Med 2019;8(7):969. doi:10.3390/jcm8070969.

[17] Groene SG, Tollenaar LSA, Slaghekke F, et al. Placental character-
istics in monochorionic twins with selective intrauterine growth
restriction in relation to the umbilical artery Doppler classification.
Placenta 2018;71:1-5. doi:10.1016/j.placenta.2018.09.006.

[18] Diehl W, Glosemeyer P, Tavares De Sousa M, et al. Twin anemia-
polycythemia sequence in a case of monoamniotic twins. Ultrasound
Obstet Gynecol 2013;42(1):108-111. doi:10.1002/uog.12418.

[19] Zilliox M, Koch A, Favre R, et al. Unusual twin anemia-polycythemia
sequence in a dichorionic diamniotic pregnancy. ] Gynecol Obstet Hum
Reprod 2019;48(5):359-361. doi:10.1016/j.jogoh.2019.02.005.

[20] Chen K, Kuhlmann R, Bell A, et al. Twin anemia-polycythemia
sequence in sex discordant monochorionic dizygotic twins. Ultra-
sound Obstet Gynecol 2020;56(3):461-462. d0i:10.1002/u0g.22073.

[21] Suzuki T, Kagami K, Mitani Y, et al. Twin anemia-polycythemia
sequence with blood chimerism in monochorionic dizygotic
opposite-sex twins. J Obstet Gynaecol Res 2019;45(6):1201-
1204. doi:10.1111/jog.13949.

[22] Tollenaar LSA, Lopriore E, Faiola S, et al. Post-laser twin anemia
polycythemia sequence: management and outcome in a large
international cohort of 164 cases. J Clin Med 2020;9(6):E1759.
doi:10.3390/jcm9061759.

[23] Lewi L, Jani J, Cannie M, et al. Intertwin anastomoses in
monochorionic placentas after fetoscopic laser coagulation for
twin-to-twin transfusion syndrome: is there more than meets the
eye? Am ] Obstet Gynecol 2006;194(3):790-795. doi:10.1016/j.
2j0g.2005.08.062.

[24] Slaghekke F, van Klink JM, Koopman HM, et al. Neurodevelop-
mental outcome in twin anemia-polycythemia sequence after laser
surgery for twin-twin transfusion syndrome. Ultrasound Obstet
Gynecol 2014;44(3):316-321. doi:10.1002/uog.13387.



Tollenaar et al., Maternal-Fetal Medicine (2021) 3:1

[25] Slaghekke F, Kist W], Oepkes D, et al. Twin anemia-polycythemia
sequence: diagnostic criteria, classification, perinatal management
and outcome. Fetal Diagn Ther 2010;27(4):181-190. doi:10.1159/
000304512.

[26] Tollenaar LS, Lopriore E, Middeldorp JM, et al. Improved antenatal
prediction of twin anemia polycythemia sequence by delta middle
cerebral artery peak systolic velocity: new antenatal classification
system. Ultrasound Obstet Gynecol 2019;53(6):788-793.
doi:10.1002/u0g.20096.

[27] Tavares de Sousa M, Fonseca A, Hecher K. Role of fetal intertwin
difference in middle cerebral artery peak systolic velocity in
predicting neonatal twin anemia-polycythemia sequence. Ultra-
sound Obstet Gynecol 2019;53(6):794-797. doi:10.1002/
uog.20116.

[28] Fishel-Bartal M, Weisz B, Mazaki-Tovi S, et al. Can middle cerebral
artery peak systolic velocity predict polycythemia in monochorionic-
diamniotic twins? Evidence from a prospective cohort study.
Ultrasound Obstet Gynecol 2016;48(4):470-475. doi:10.1002/
uog.15838.

[29] Khalil A, Gordijn S, Ganzevoort W, et al. Consensus diagnostic
criteria and monitoring of twin anemia polycythemia sequence: a
Delphi procedure. Ultrasound Obstet Gynecol 2020;56(3):388-394.
doi:10.1002/u0g.21882.

[30] Stritzke A, Thomas S, Somerset D. Placental dichotomy: a hint in
twin anemia polycythemia sequence. ] Obstet Gynaecol Can
2014;36(12):1097-1100. doi:10.1016/5S1701-2163(15)30388-1.

[31] Tollenaar LSA, Lopriore E, Middeldorp JM, et al. Prevalence of
placental dichotomy, fetal cardiomegaly and starry-sky liver in twin
anemia polycythemia sequence. Ultrasound Obstet Gynecol
2020;56(3):395-399. doi:10.1002/uog.21948.

[32] Soundararajan LP, Howe DT. Starry sky liver in twin anemia-
polycythemia sequence. Ultrasound Obstet Gynecol 2014;43
(5):597-599. doi:10.1002/u0g.13276.

[33] Lopriore E, Hecher K, Vandenbussche FP, et al. Fetoscopic laser
treatment of twin-to-twin transfusion syndrome followed by severe
twin anemia-polycythemia sequence with spontaneous resolution.
Am ] Obstet Gynecol 2008;198(2):e4—e7. doi:10.1016/j.ajog.
2007.08.073.

[34] Tollenaar LSA, Slaghekke F, Lewi L, et al. Treatment and outcome in
370 cases with spontaneous or post-laser twin anemia polycythemia
sequence managed in 17 different fetal therapy centers. Ultrasound
Obstet Gynecol 2020;56(3):378-387. doi:10.1002/uog.22042.

[35] Slaghekke F, van den Wijngaard JP, Akkermans J, et al. Intrauterine
transfusion combined with partial exchange transfusion for twin
anemia polycythemia sequence: modeling a novel technique.
Placenta 2015;36(5):599-602. doi:10.1016/j.placenta.2015.01.194.

[36] Bahtiyar MO, Ekmekci E, Demirel E, et al. In utero partial exchange
transfusion combined with in utero blood transfusion for prenatal
management of twin anemia-polycythemia sequence. Fetal Diagn
Ther 2019;45(1):28-35. doi:10.1159/000486198.

[37] Genova L, Slaghekke F, Klumper FJ, et al. Management of twin
anemia-polycythemia sequence using intrauterine blood transfusion
for the donor and partial exchange transfusion for the recipient.
Fetal Diagn Ther 2013;34(2):121-126. d0i:10.1159/000346413.

[38] Yarci E, Alyamac Dizdar E, Oncel MY, et al. Successful management
of twin anemia/polycythemia sequence by syngeneic partial
exchange transfusion. Fetal Diagn Ther 2014;36(3):251-254.
doi:10.1159/000360079.

[39] Senat MV, Deprest J, Boulvain M, et al. Endoscopic laser surgery
versus serial amnioreduction for severe twin-to-twin transfusion
syndrome. N Engl ] Med 2004;351(2):136-144. doi:10.1056/
NEJM0a032597.

[40] Slaghekke F, Lopriore E, Lewi L, et al. Fetoscopic laser coagulation
of the vascular equator versus selective coagulation for twin-to-twin
transfusion syndrome: an open-label randomised controlled trial.
Lancet 2014;383(9935):2144-2151. doi:10.1016/S0140-6736(13)
62419-8.

[41] Hill KM, Masoudian P, Fung-Kee-Fung K, et al. Intrauterine
interventions for the treatment of twin anemia-polycythemia
sequence: a systematic review. ] Obstet Gynaecol Can 2019;41
(7):981-991. d0i:10.1016/j.jogc.2018.04.005.

[42] Sananes N, Veujoz M, Severac F, et al. Evaluation of the utility of in
utero treatment of twin anemia-polycythemia sequence. Fetal Diagn
Ther 2015;38(3):170-178. doi:10.1159/000380822.

3|

www.maternal-fetalmedicine.org

[43] Slaghekke F, Favre R, Peeters SH, et al. Laser surgery as a management
option for twin anemia-polycythemia sequence. Ultrasound Obstet
Gynecol 2014;44(3):304-310. doi:10.1002/uog.13382.

[44] The TAPS Trial: Fetoscopic Laser Surgery for Twin Anemia
Polycythemia Sequence - A Multicenter Open-label Randomized
Controlled Trial. Netherlands Trial Register Published 2019.
Accessed September 15, 2019.

[45] Knijnenburg PJC, Slaghekke F, Tollenaar LSA, et al. Incidence of and
risk factors for residual anastomoses in twin-twin transfusion syndrome
treated with laser surgery: a 15-year single-center experience. Fetal
Diagn Ther 2019;45(1):13-20. doi:10.1159/000485932.

[46] Habli M, Bombrys A, Lewis D, et al. Incidence of complications in
twin-twin transfusion syndrome after selective fetoscopic laser
photocoagulation: a single-center experience. Am J Obstet Gynecol
2009;201(4):417.e1-417.e7. d0i:10.1016/j.aj0og.2009.07.046.

[47] Lopriore E, Slaghekke F, Oepkes D, et al. Hematological character-
istics in neonates with twin anemia-polycythemia sequence (TAPS).
Prenat Diagn 2010;30(3):251-255. doi:10.1002/pd.2453.

[48] Lopriore E, Holtkamp N, Sueters M, et al. Acute peripartum twin-
twin transfusion syndrome: incidence, risk factors, placental
characteristics and neonatal outcome. ] Obstet Gynaecol Res
2014;40(1):18-24. doi:10.1111/jog.12114.

[49] Tollenaar LS, Zhao DP, Middeldorp JM, et al. Color difference in
placentas with twin anemia-polycythemia sequence: an additional
diagnostic criterion? Fetal Diagn Ther 2016;40(2):123-127.
doi:10.1159/000442154.

[50] Tollenaar LSA, Zhao DP, Middeldorp JM, et al. Can color
difference on the maternal side of the placenta distinguish between
acute peripartum twin-twin transfusion syndrome and twin anemia-
polycythemia sequence? Placenta 2017;57:189-193. doi:10.1016/j.
placenta.2017.07.008.

[51] Lopriore E, Slaghekke F, Kersbergen KJ, et al. Severe cerebral injury
in a recipient with twin anemia-polycythemia sequence. Ultrasound
Obstet Gynecol 2013;41(6):702-706. doi:10.1002/uog.12337.

[52] Verbeek L, Slaghekke F, Hulzebos CV, et al. Hypoalbuminemia in
donors with twin anemia-polycythemia sequence: a matched case-
control study. Fetal Diagn Ther 2013;33(4):241-245. d0i:10.1159/
000345716.

[53] Visser GL, Tollenaar LSA, Bekker V, et al. Leukocyte counts and
other hematological values in twin-twin transfusion syndrome and
twin anemia-polycythemia sequence. Fetal Diagn Ther 2020;47
(2):123-128. d0i:10.1159/000500859.

[54] Sarkar S, Rosenkrantz TS. Neonatal polycythemia and hyperviscos-
ity. Semin Fetal Neonatal Med 2008;13(4):248-255. doi:10.1016/j.
siny.2008.02.003.

[55] Verbeek L, Slaghekke F, Favre R, et al. Short-term postnatal renal
function in twin anemia-polycythemia sequence. Fetal Diagn Ther
2016;39(3):192-197. doi:10.1159/000439024.

[56] Tollenaar LSA, Lopriore E, Slaghekke F, et al. High risk of long-term

neurodevelopmental impairment in donor twins with spontaneous

twin anemia-polycythemia sequence. Ultrasound Obstet Gynecol
2020;55(1):39-46. doi:10.1002/u0g.20846.

Lindenburg IT, Smits-Wintjens VE, van Klink JM, et al. Long-term

neurodevelopmental outcome after intrauterine transfusion for

hemolytic disease of the fetus/newborn: the LOTUS study. Am J

Obstet  Gynecol 2012;206(2):141.e1-141.e8.  doi:10.1016/j.

2j0g.2011.09.024.

Spruijt MS, Lopriore E, Tan R, et al. Long-term neurodevelopmental

outcome in twin-to-twin transfusion syndrome: is there still room for

improvement? ] Clin Med 2019;8(8):1226. do0i:10.3390/
jcm8081226.

De Paepe ME, Gundogan F, Mao Q, et al. Redness discordance in

monochorionic twin placentas: Correlation with clinical and

placental findings. Placenta 2017;60:54—60. doi:10.1016/j.placenta.

2017.10.007.

[57

[58

[59

Edited By Yang Pan

How to cite this article: Tollenaar LSA, Lopriore E, Oepkes D, Haak MC, Klumper
FJCM, Middeldorp JM, Van Klink JMM, Slaghekke F. Twin Anemia Polycythemia
Sequence: Knowledge and Insights After 15 Years of Research. Maternal Fetal Med
2021;3(1):33-41. doi: 10.1097/FM9.0000000000000065.


http://www.maternal-fetalmedicine.org

	Twin Anemia Polycythemia Sequence: Knowledge and Insights After 15 Years of Research
	Introduction
	Pathogenesis
	Placental characteristics
	TAPS vs. TTTS
	TAPS and fetal growth restriction (FGR)
	Unusual TAPS cases

	Antenatal diagnosis
	Time of onset
	Middle cerebral artery peak systolic velocity (MCA-PSV) Doppler measurements
	Additional ultrasound findings

	Antenatal management
	Expectant management
	Preterm delivery
	IUT (with or without PET)
	Laser surgery
	Selective feticide
	Best treatment option

	Prevention
	Postnatal diagnosis
	Short- and long-term outcome
	Perinatal mortality
	Neonatal morbidity
	Long-term outcome

	Conclusions
	Funding
	Conflicts of Interest
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 0
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2001
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU (Use these settings to create Adobe PDF documents for Quad Graphics' Midland MI Facility.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks true
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks true
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (U.S. Web Coated \(SWOP\) v2)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 12
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


