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Monochorionic twins share a single placenta and are connected with each other through vascular anasto-
moses. Unbalanced inter-twin blood transfusion may lead to various complications, including twin-to-twin
transfusion syndrome (TTTS) and twin anemia polycythemia sequence (TAPS). TAPS was first described
less than a decade ago, and the pathogenesis of TAPS results from slow blood transfusion from donor to
recipient through a few minuscule vascular anastomoses. This gradually leads to anemia in the donor and
polycythemia in the recipient, in the absence of twin oligo-polyhydramnios sequence (TOPS). TAPS may
occur spontaneously in 3–5% of monochorionic twins or after laser surgery for TTTS. The prevalence of
post-laser TAPS varies from 2% to 16% of TTTS cases, depending on the rate of residual anastomoses.
Pre-natal diagnosis of TAPS is currently based on discordant measurements of the middle cerebral artery
peak systolic velocity (MCA-PSV; >1.5 multiples of the median [MoM] in donors and <1.0 in recipients).
Post-natal diagnosis is based on large inter-twin hemoglobin (Hb) difference (>8 g/dL), and at least one
of the following: reticulocyte count ratio >1.7 or minuscule placental anastomoses. Management includes
expectant management, and intra-uterine blood transfusion (IUT) with or without partial exchange trans-
fusion (PET) or fetoscopic laser surgery. Post-laser TAPS can be prevented by using the Solomon laser
surgery technique. Short-term neonatal outcome ranges from isolated inter-twin Hb differences to severe
neonatal morbidity and neonatal death. Long-term neonatal outcome in post-laser TAPS is comparable
with long-term outcome after treated TTTS. This review summarizes the current knowledge after 10 years
of research on the pathogenesis, diagnosis, management, and outcome in TAPS.

� Keywords: monochorionic twins, twin anemia polycythemia sequence, anemia, polycythemia

Monochorionic twin pregnancies are at increased risk for
adverse outcome compared to dichorionic twin pregnan-
cies and singletons. This is primarily due to the fact that
almost all monochorionic twins share a single placenta,
with inter-twin anastomoses allowing blood to flow bidi-
rectionally between the two fetuses. Unbalanced net inter-
twin blood transfusion may lead to various complications,
including TTTS and twin anemia polycythemia sequence
(TAPS). TTTS was first described in the 19th century and
results from imbalanced inter-twin blood flow causing hy-
povolemia and oligohydramnios in the donor and hyperv-
olemia and polyhydramnios in the recipient twin, the so-
called TOPS. TAPS is a newly described form of chronic
and slow inter-twin blood transfusion characterized by
large inter-twin Hb differences without signs of TOPS. The
pathogenesis of TAPS is based on the presence of a few
minuscule vascular anastomoses. TAPS may occur sponta-

neously in monochorionic twin pregnancies or may occur
in TTTS cases after incomplete laser surgery due to a few
small residual anastomoses. The post-laser form of TAPS
was first described in 2006 (Robyr et al., 2006), whereas the
spontaneous form of TAPS, as well as the acronym TAPS,
was first described in 2007 (Lopriore, Middeldorp et al.,
2007). In the past decade, over 100 studies have been pub-
lished on TAPS, and our knowledge and awareness have
gradually increased. This review focuses on the epidemi-
ology, pathogenesis, diagnostic criteria, management op-
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Twin Anemia Polycythemia Sequence

FIGURE 1

(Colour online) A spontaneous TAPS placenta injected with color
dye. Blue and green dye was used for the arteries and yellow and
pink for the veins, showing the presence of only a few very small
anastomoses.

tions, and short- and long-term outcome in TAPS, and
summarizes the data gathered since the first description of
TAPS a decade ago.

Epidemiology
TAPS may occur spontaneously (spontaneous TAPS) or
after laser treatment for TTTS (post-laser TAPS). Sponta-
neous TAPS occurs in 3–5% of monochorionic twin preg-
nancies (Casanova et al., 2014; Gucciardo et al., 2010; Lewi
et al., 2008; Lopriore et al., 2009; Yokouchi et al., 2015),
whereas post-laser TAPS occurs in 2–16% of TTTS cases
after incomplete laser treatment (Habli et al., 2009; Robyr
et al., 2006; Slaghekke, Lewi et al., 2014). The wide range
in incidence rate in post-laser TAPS can be explained by
the use of different laser surgical techniques and/or the ex-
istence of different definitions and criteria for TAPS (see
sections below).

Pathogenesis
Placental Characteristics

The pathogenesis of TAPS is based on the unique angioar-
chitecture of the placenta, characterized by the presence of
only few minuscule anastomoses. These few small anasto-
moses shared between the two placentas allow a chronic
and slow transfusion of blood from the donor to the recip-
ient twin (Figure 1). The actual blood flow through these
small anastomoses ranges from 5 to 15 mL per 24 hours
(Lopriore, Middeldorp et al., 2007; Lopriore, van den Wi-
jngaard et al., 2007). This process gradually leads to highly
discordant Hb levels, causing the donor twin to become
anemic and the recipient twin to become polycythemic. In
monochorionic placentas, three types of anastomoses have
been described: arterio-venous (AV), arterio-arterial (AA),

and veno-venous (VV) anastomoses. AV anastomoses are
unidirectional whereas AA and VV anastomoses are bidi-
rectional. TAPS placentas are characterized by the presence
of a few very small AV anastomoses, with a diameter <1
mm. TAPS placentas have on average 3 to 4 anastomoses
compared to an average of 8 anastomoses in normal mono-
chorionic placentas (Zhao et al., 2013). AA anastomoses
are rare in TAPS cases and occur in 10–20% of TAPS pla-
centas. AA anastomoses are considered to protect against
the development of TTTS or TAPS because of the bidirec-
tional blood flow, allowing inter-twin equilibration of blood
volumes (de Villiers et al., 2012; Lopriore, van den Wijn-
gaard et al., 2007; Suzuki, 2010; van Meir et al., 2010).The
size of AA-anastomoses in TAPS appear to be significantly
smaller (diameter <1 mm) compared to AA anastomoses
in TTTS cases or in uncomplicated monochorionic twins
(Zhao et al., 2013). Spontaneous TAPS placentas differ from
post-laser TAPS placentas. Spontaneous TAPS placentas
have a higher total number of anastomoses compared to
post-laser TAPS placentas, 4 versus 2, respectively. Minis-
cule AA anastomoses were detected sporadically in both
groups, but the rate of AA anastomoses was slightly higher
in the spontaneous group (de Villiers et al., 2013).

TAPS Versus TTTS
The absence of oligohydramnios and polyhydramnios is an
essential element in the diagnosis of TAPS. The presence
of TOPS is only pathognomonic for TTTS. Importantly,
2–8% of TTTS cases may have pre-operative signs of severe
fetal anemia in the donor and polycythemia in the recipient
(Donepudi et al., 2015; Van Winden et al., 2015)

The mechanism preventing the donor twin to develop
oligohydramnios and the recipient twin to develop poly-
hydramnios in TAPS cases is not entirely clear. The most
probable explanation is that due to the chronic character
of TAPS, slow inter-twin blood transfusion allows more
time for the hemodynamic compensatory mechanisms to
take place (Lopriore, Deprest et al., 2008). While TTTS
results from large, unbalanced inter-twin blood transfu-
sion in combination with unbalanced hormonal regula-
tion with rapid deterioration, TAPS probably results from
slow inter-twin blood transfusion without hormonal im-
balance and a slow deterioration (van den Wijngaard et al.,
2007). In TTTS, donor twins show high renin levels, pre-
sumably as a result of renal hypoperfusion (Mahieu-Caputo
et al., 2000), and recipients have absent renin protein, pre-
sumably because of down-regulation due to hypervolemia.
This hormonal discordance has not been described in TAPS
pregnancies.

Interestingly, in post-laser TAPS, it is usually the former
recipient who becomes anemic, whereas the former donor
becomes polycythemic (Lewi et al., 2006; Robyr et al., 2005,
2006; Yamamoto et al., 2005). A possible explanation could
be that the colloid osmotic pressure of the ex-recipient is
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strongly increased prior to and shortly after laser therapy,
which attracts excess fluid from the maternal blood to the
recipient’s fetal blood. This source of increased fetal plasma
volume followed by amniotic fluid production may delay
the development of oligohydramnios in the ex-recipient
who becomes the TAPS donor (van den Wijngaard et al.
2007).

TAPS Versus Uncomplicated
Monochorionic Twins
In addition to the small anastomoses that characterize TAPS
placentas, TAPS placentas also show a remarkable differ-
ence in placental shares. In uncomplicated monochorionic
twins, the placental share is the principal element affecting
fetal growth and final birth weight, that is, the smaller twin
usually has a relatively smaller placental share (Lewi et al.,
2007). In TAPS twins, the donor twin is usually smaller
than the recipient twin but often has a paradoxically larger
placental share compared to its co-twin. In contrast to un-
complicated monochorionic twins, fetal growth in TAPS
appears to be primarily determined by inter-twin blood
transfusion rather than placental share. A relatively larger
placental share may enable the fetal survival of the anemic
twin in TAPS (Zhao et al. 2014). In addition, TAPS donor
twins also have hypoalbuminemia and hypoproteinemia
due to loss of not only blood cells, but also proteins and
nutrients, which may partly also affect their fetal growth
(Verbeek et al., 2013).

Diagnosis
TAPS can be diagnosed either antenatally or post-natally.
TAPS is characterized by Hb differences with the absence of
antenatal ultrasound signs of polyhydramnios in the recipi-
ent and oligohydramnios in the donor. Antenatal diagnosis
is based on ultrasound abnormalities whereas the post-natal
diagnosis is derived from large inter-twin hematologic dis-
cordances and characteristic placental angioarchitecture.

Antenatal Criteria

Antenatal diagnosis of TAPS is based on Doppler ultrasound
abnormalities. MCA-PSV measurement, a non-invasive
test, has become the standard test for the prediction of fetal
anemia in singletons in a variety of fetal diseases. In TAPS,
this test will show an increased MCA-PSV in the donor
twin, suggestive of fetal anemia, and decreased velocities in
the MCA-PSV in the recipient, suggestive of polycythemia.
During the past decade, different MCA-PSV values for the
diagnosis of TAPS have been proposed. Robyr et al. (2006)
initially suggested the use of a MCA-PSV >1.5 MoM for the
donor twin and <0.8 MoM for the recipient twin. However,
Slaghekke et al. (2010) showed that a MCA-PSV between 0.8
and 1.0 MoM in the recipient was also frequently found in
post-natally diagnosed TAPS cases and suggested therefore
the currently used cut-off of MCA-PSV <1.0 MoM in the

recipient twin and >1.5 MoM in the donor twin. This cut-
off level is characterized by high sensitivity and specificity of
MCA-PSV for both anemia and polycythemia, confirming
the clinical usefulness of this non-invasive test (Slaghekke
et al., 2010). The MCA-PSV measurement has a high di-
agnostic accuracy for predicting abnormal Hb levels in fe-
tuses with TAPS (Slaghekke, Pasman et al., 2015; Veujoz
et al. 2015). However, the high predictive value of MCA-
PSV measurements reported in the study from Slaghekke
et al. (2010) was determined in a highly selected group of
TAPS-only cases followed in a specialized fetal therapy cen-
ter. In a recent study, Fishel-Bartal et al. (2015) did not find
a similar predictive value of MCA-PSV for the detection
of polycythemia in monochorionic twins. MCA-PSV mea-
surement in polycythemic twins did not differ compared
to normal twins. Fishel-Bartal et al. (2015) did find a sig-
nificant correlation between a large inter-twin difference in
MCA-PSV (delta MCA-PSV) and large inter-twin hemat-
ocrit difference and proposed the alternative use of a delta
MCA-PSV >0.5 MoM instead of the currently used fixed
cut-off levels of <1.0 MoM and >1.5 MoM for the pre-natal
diagnosis of TAPS.

In some TAPS cases, additional ultrasound findings have
been reported. In several cases of spontaneous TAPS, a strik-
ing difference in placental thickness and echodensity on
ultrasound examination was detected (Figure 2; Movva &
Rijhsinghani, 2014; Slaghekke et al., 2010; Stritzke et al.,
2014). This difference can be explained by the hydropic
and echogenic character of the anemic placental share in
contrast to the normal appearance of the polycythemic pla-
cental share. Another ultrasound finding described in TAPS
is the so-called ‘starry sky liver’ (Figure 3; Soundararajan &
Howe, 2014). Starry sky appearance refers to a sonographic
pattern of the liver, characterized by clearly identified portal
venules (stars) and diminished parenchymal echogenicity
(sky) that accentuates the portal venule walls. Starry sky
liver is usually reported in acute hepatitis, but other condi-
tions like heart failure can lead to this typical finding as well.
More studies are needed to further investigate the validity
and significance of these antenatal ultrasound findings for
the diagnosis of TAPS.

Since diagnosis of TAPS at an earlier gestational age is as-
sociated with more favorable outcomes (Rossi & Prefumo,
2014), we recommend the routine use (at least biweekly) of
MCA-PSV Doppler ultrasound measurements in all mono-
chorionic pregnancies to timely detect TAPS.

Postnatal Criteria

In 40–63% of the cases, TAPS is not detected antenatally,
but is only diagnosed after birth (de Villiers et al., 2013;
Slaghekke et al., 2010). Therefore, post-natal diagnostic
criteria have been proposed. These criteria are based on
the presence of (chronic) anemia in the donor and poly-
cythemia in the recipient twin (Figure 4) and the charac-
teristic angioarchitecture of the placenta. Different cut-off

224 TWIN RESEARCH AND HUMAN GENETICS

https://doi.org/10.1017/thg.2016.18 Published online by Cambridge University Press

https://doi.org/10.1017/thg.2016.18


Twin Anemia Polycythemia Sequence

FIGURE 2

(Colour online) Ultrasound image of a TAPS placenta showing a difference in placental thickness and echodensity. On the left side of
the image the hydropic and echogenic placental share of the anemic donor and on the right side the normal aspect of the placenta of
the recipient is depicted.

FIGURE 3

(Colour online) Ultrasound image showing a starry sky liver in a TAPS recipient with clearly identified portal venules (stars) and diminished
parenchymal echogenicity (sky) that accentuates the portal venule walls.
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FIGURE 4

Flowchart with antenatal management options for TAPS.

levels for anemia and polycythemia have been used since
the first description of TAPS in the last decade. Lewi et al.
(2008) first defined TAPS as the presence of an Hb level
<11g/dL in the anemic twin and >20g/dL in the poly-
cythemic co-twin. However, absolute Hb levels do not take
the positive association between Hb levels and higher gesta-
tional age into account. Fetal Hb concentrations are known
to increase linearly with gestation (Jopling et al., 2009; Lu-
bin, 1978; Nicolaides et al., 1989). Lopriore, Middeldorp
et al. (2007) used gestational-age-dependent cut-off levels
to define anemia in the donor (Hb <5th centile) and poly-
cythemia in the recipient (hematocrit>65%). However, this
contained practical disadvantages since it required the use
of specific normograms related to gestational age. Several
normograms have been published and differ slightly from
one another (Jopling et al., 2009; Nicolaides et al., 1989).
Since a fixed inter-twin Hb difference is a more logical and
pragmatic criterion, nowadays an inter-twin Hb difference
>8 g/dL is commonly used, based on a case-control study
were all TAPS cases had an inter-twin Hb difference >8
g/dL (Lopriore et al., 2010).

A large Hb difference (>8 g/dL) at birth is also detected
in case of acute peripartum TTTS. Distinction between
these two clinical pictures (TAPS and acute peripartum
TTTS) is important, as they require a different therapeu-

tic neonatal management. Two additional criteria are re-
quired to distinguish TAPS from acute peripartum TTTS
(Lopriore et al., 2005). The first criterion is an increased
reticulocyte count measured in the TAPS donor (as a re-
sult of increased erythropoiesis due to chronic anemia). An
inter-twin reticulocyt count ratio >1.7 is pathognomonic
for TAPS (Lopriore et al., 2010). This ratio is measured by
dividing the reticulocyte count of the donor by the retic-
ulocyte count of the recipient. The second criterion for
the post-natal diagnosis of TAPS is the presence of small
residual anastomoses (diameter <1 mm) at the placental
surface (Slaghekke et al., 2010), detected through color dye
injection of the placenta (Lopriore et al., 2011). In acute
peripartum TTTS, blood transfusion from the donor twin
to the recipients occurs rapidly and reticulocyte count in the
donor is typically still low. Acute anemia will eventually lead
to increased erythropoiesis, but the increased reticulocyte
production is not detected in the acute phase. In addition,
in contrast to TAPS, the pathogenesis of acute peripartum
TTTS is based on large placental AA or VV anastomoses
with low resistance, allowing large amount of blood to flow
directly from the donor to the recipient (Lopriore et al.,
2005).

Since reticulocyte count is not always measured and pla-
cental injection is difficult to perform, we recently studied a
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FIGURE 5

(Colour online) Spontaneous TAPS twins at birth. On the left, the plethoric polycythemic recipient and on the right the pale anemic
donor.

FIGURE 6

(Colour online) Maternal side of the TAPS placenta showing the
difference in color between the plethoric share of the recipient
(left side of the placenta) and the anemic share of the donor (right
side of the placenta).

new additional criterion for post-natal diagnosis of TAPS. In
analogy with the difference in skin color of the TAPS twins at
birth (the anemic donor is pale and the polycythemic recipi-
ent is plethoric), the maternal side of the TAPS placenta also
shows a striking color difference (Figure 5 & Figure 6). We
developed a new quick and easy tool to determine the color
difference ratio (CDR) between the two placental shares
using digital pictures (Tollenaar et al., 2016). We found
that TAPS placentas had a significantly higher CDR (>1.5)
compared to uncomplicated monochorionic twin placen-
tas. Whether this method can eventually be added to the

list of post-natal criteria requires further investigations in
larger series of placentas with and without TAPS to deter-
mine the sensitivity and specificity of the test. Importantly,
CDR measurements should also be investigated in placen-
tas with acute TTTS to determine whether this method can
help distinguish TAPS cases from cases with acute peri-
partum TTTS, since in both situations large inter-twin Hb
differences are present at birth.

Classification
Since TAPS is a heterogeneous disease, a staging system can
be helpful to discriminate between the various forms. In
addition, a staging system may also prove to be useful in the
future to compare and analyze TAPS cases (including effect
of treatment) between the various centers. We, therefore,
recently proposed both an antenatal and post-natal classi-
fication system (Tables 1 and 2). Whether this classification
has an additional value to adequately stage and treat TAPS
requires further investigation.

Perinatal Management and Outcome
The optimal perinatal management for TAPS is not clear.
Options include expectant management, induction of labor,
IUTin the donor, with or without PET in the recipient,
selective feticide, and (repeat) fetoscopic laser surgery.

Expectant management consists of close monitoring
with ultrasound including Doppler measurements of MCA-
PSV. Close monitoring can be considered in less severe cases
of TAPS, such as stage 1 and 2. Whether close monitoring
is safe enough in these TAPS stages needs to be evaluated
in combination with validating the staging system. When
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TABLE 1

Antenatal TAPS Classification

Antenatal stage Findings at Doppler ultrasound examination

Stage 1 MCA-PSV donor >1.5 MoM and MCA-PSV recipient < 1.0 MoM, without other signs of fetal compromise.
Stage 2 MCA-PSV donor >1.7 and MCA-PSV recipient < 0.8 MoM, without other signs of fetal compromise.
Stage 3 As stage 1 or 2, with cardiac compromise of the donor, defined as critically abnormal flow.
Stage 4 Hydrops of donor.
Stage 5 Intrauterine demise of one or both fetuses preceded by TAPS.

TABLE 2

Post-natal TAPS Classification

Post-natal stage Inter-twin Hffigureb difference, g/dL

Stage 1 >8.0
Stage 2 >11.0
Stage 3 >14.0
Stage 4 >17.0
Stage 5 >20.0

TAPS stage 1 quickly progresses to stage 2 or stage �3, intra-
uterine intervention or termination of pregnancy should be
considered. However, both management options may lead
to pre-mature delivery and its associated risks of perinatal
morbidity and mortality.

Intrauterine Blood Transfusion

Treatment with IUT in the donor can be performed ei-
ther intravascularly or intraperitoneal. Intraperitoneal IUT
is preferred, since intraperitoneal transfusion may allow
slower absorption of red blood cells into the fetal circula-
tion, preventing rapid loss of transfused blood in the circu-
lation of the recipient twin (Herway et al., 2009). Although
treatment with IUT has often been reported, it is not a
causal treatment and is only a temporary solution. Further-
more, a potential side effect of IUT treatment is worsening
of the polycythemia hyperviscosity syndrome in the recipi-
ent. Robyr et al. (2006) reported skin necrosis of the leg in
the recipient twin of a TAPS case treated with several IUTs.
To reduce the risk of increasing polycythemia hyperviscos-
ity, a combination procedure of IUT in the donor and PET
in the recipient can be of additional value. The rationale
behind this therapy is that PET may help to decrease the
viscosity of the blood of the polycythemic recipient. Genova
et al. (2013) reported on three different TAPS cases treated
with IUT with PET. We recently developed a computational
model to evaluate the effect of IUT with and without PET
in post-laser TAPS cases, and showed the beneficial effect
of PET (Slaghekke, van den Wijngaard et al., 2015).

Since TAPS twins share their blood circulation and there-
fore have exactly the same blood cell characteristics, it may
be of additional value to transfuse the anemic twin with
the recipient’s whole blood as a donor source instead of
foreign donor blood. Recently, Yarci et al. (2014) reported
a case of TAPS in which the anemic donor was success-
fully transfused after delivery with blood obtained from the

polycythemic co-twin during PET. The main advantage of
this new therapeutic method is avoidance of donor expo-
sure and of the risk of blood product infections (Yarci et al.,
2014). Whether this new approach may lead to decreased
morbidity in TAPS pregnancies requires further investiga-
tion.

Fetoscopic Laser Coagulation

The only causal treatment of TAPS is (repeated) fetoscopic
laser coagulation of the (residual) anastomoses at the vas-
cular equator of the placental. Fetoscopic laser coagulation
in TAPS is more challenging than in TTTS, since the ab-
sence of oligo-polyhydramnios sequences and therefore a
wavering inter-twin membrane makes the visualization of
the vascular equator more difficult (Slaghekke et al., 2010).
Moreover, placental anastomoses in TAPS are known to
be only few and minuscule and may therefore be missed
during fetoscopy (Slaghekke et al., 2010). Different case
reports show the feasibility of fetoscopic laser coagulation
in TAPS placentas (Abdel-Sattar et al., 2014; Assaf et al.,
2011; Diehl et al., 2013; Groussolles et al., 2012; Ishii et al.,
2014). In a retrospective study where laser treatment for
antenatally detected TAPS is compared to IUT or expectant
management, laser therapy appeared to improve perinatal
outcome by prolonging pregnancy and reducing respiratory
distress syndrome (Slaghekke, Favre et al., 2014). The me-
dian time between diagnosis and birth was 11 weeks in the
laser group compared to 5 weeks after intrauterine transfu-
sion, and 8 weeks after expectant management. In the laser
group, no residual anastomoses were found after color dye
injection. Larger, adequately randomized controlled stud-
ies are required to determine the optimal management and
to evaluate the possible additional value of fetoscopic laser
coagulation for the treatment of TAPS. When performing
laser coagulation in TAPS placentas, we recommend using
the Solomon technique to reduce the risk of residual anas-
tomoses and recurrent TAPS (Slaghekke, Lewi et al., 2014).
In the Solomon technique, a line is drawn from one pla-
centa margin to the other, connecting the individual laser
spots (Slaghekke, Lopriore et al., 2014).

In unique circumstances, spontaneous resolution of an-
tenatal TAPS may also occur. Spontaneous resolution has
been reported once (Lopriore, Hecher et al., 2008) and
was presumably caused by thrombosis of the residual AV-
anastomosis. Whether expectant management would lead
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to spontaneous resolution in other TAPS cases is unknown
and should be considered unlikely.

Proposal for Antenatal Management

In the absence of evidence on optimal management, we
suggest that management decisions should be made after
careful evaluation of different factors, including TAPS stage,
gestational age, and the feasibility of the different types of
intra-uterine intervention. TAPS stage 1 and possibly stage
2 can be observed with close monitoring. In case TAPS
progresses quickly to stage 2 or in case of stage �3, inter-
vention should be considered. If gestational age is below 28
weeks and laser treatment is feasible, laser treatment should
be considered, since this is the only causal treatment for
TAPS and is known to prolong the pregnancy (Slaghekke,
Favre et al., 2014). When laser treatment is not feasible
and gestational age is below 30 to 32 weeks of pregnancy,
intra-uterine transfusion should be considered. When re-
peated intra-uterine transfusions are expected or in case of
severe polycythemia in the recipient, PET of the recipient
should be envisaged. A management proposal for antenatal
TAPS is presented in the flowchart in Figure 4. Whether
this flowchart is useful in current practice and will improve
outcome still needs to be validated.

Prevention of Post-Laser TAPS

Post-laser TAPS is caused by residual anastomoses at the
placental surface after fetoscopic laser surgery for TTTS.
In order to reduce the number of residual anastomoses,
the Solomon technique was introduced. The Solomon ran-
domized trial by Slaghekke, Lewi et al. (2014) showed a
significant reduction of post-laser TAPS of 16% in the stan-
dard treatment group to 3% in the Solomon group. The
Solomon technique did not appear to be associated with an
increase in any identifiable short-term adverse outcome or
complications. A study investigating the neurodevelopmen-
tal outcome at 2 years in TAPS survivors randomized for the
Solomon trail showed no difference in the risk of neurode-
velopmental impairment between the groups treated with
the Solomon technique and the standard laser technique
(van Klink et al., 2015). The Solomon technique should
therefore be used in all TTTS cases to reduce the risks of
residual anastomoses and prevent the occurrence of post-
laser TAPS.

Neonatal and Pediatric Outcome
Data of perinatal mortality and morbidity rates in TAPS are
scarce and mostly based on case reports and small series.
The neonatal outcome in TAPS may vary from isolated large
inter-twin Hb differences to severe neonatal morbidity, in-
cluding cerebral injury and neonatal death (Luminoso et al.,
2013).

Short-Term Neonatal Outcome

Hematological complications are commonly seen in TAPS
donors and recipients, requiring blood transfusion or PET,
respectively. TAPS recipients may develop polycythemia hy-
perviscosity syndrome, which may possibly lead to necrosis
of the skin and multiple limb ischemia (Robyr et al., 2006;
Stranak et al., 2015). In addition, recipients are at increased
risk of thrombocytopenia, probably due to impaired pro-
duction secondary to tissue hypoxia and slow spleen blood
flow (Lopriore et al., 2010; Sarkar & Rosenkrantz, 2008).
Platelet count at birth was inversely related to the severity
of polycythemia in recipients (Lopriore et al., 2010). In addi-
tion to lower Hb levels, donor twins with TAPS also have sig-
nificantly lower albumin and total protein levels compared
to recipient twins, suggesting that the inter-twin transfusion
process does not only concern red blood cells but also pro-
teins and albumin (Verbeek et al., 2013). Chronic inter-twin
transfusion in TAPS may also cause short-term renal dys-
function: Verbeek et al. (2015) found that donor twins with
TAPS have higher creatinine levels than recipients, probably
due to chronic renal hypoperfusion. Whether donor twins
may also have permanent renal damage and long-term re-
nal complications is not known. Chronic severe anemia
in donor twins and polycythemia in recipient twins may
theoretically also lead to cerebral injury. Several small case
studies report on severe cerebral injury leading to fatal out-
come in TAPS (Genova et al., 2013; Lopriore et al., 2013).
Genova et al. (2013) described a TAPS case, in which de-
spite treatment with IUT with PET, the anemic twin died of
extensive cerebral injury including numerous large cysts in
the basal ganglia, bilateral white matter injury, and multi-
ple microbleeds. Lopriore et al. (2013) reported on a spon-
taneous TAPS case delivered after an emergency cesarean
section at 33 weeks gestation. The recipient twin suffered
from severe cerebral injury due to massive hemorrhage and
infarctions and died on day 3 after withdrawal of intensive
care.

Long-Term Neurodevelopmental Outcome

The long-term neurodevelopmental outcome in surviving
TAPS infants is not well known and data is based on small
uncontrolled case series. Severe long-term morbidity such
as bilateral deafness and spastic paralysis has recently re-
ported (Taniguchi et al., 2015). In another recent study
on long-term neurodevelopmental outcome in post-laser
TAPS, Slaghekke, van Klink et al. (2014) detected neu-
rodevelopmental impairment or mild to moderate cogni-
tive delay in 9% and 17% of TAPS survivors, respectively.
No difference in impairment was found between donors
and recipients. The rate of impairment in TAPS seems to
be comparable to the rate of impairment in children with
TTTS after laser surgery. Risk factors for decreased cog-
nitive scores in the study from Slaghekke et al. were low
gestational age at birth and low birth weight, as well as in-
trauterine transfusion. In a recent small study, neonatal
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outcome in monochorionic twins affected by TAPS ap-
peared to be comparable to gestational age-matched un-
complicated monochorionic twins. However, only 10 TAPS
cases were included with mild TAPS (stage 1 and 2), lim-
iting the conclusions (Ashwal et al., 2015). To date, there
are no studies reporting on neurological, motor, and cog-
nitive outcomes of TAPS twins in childhood and ado-
lescence. Data from these studies could provide us with
a more complete view of the long-term consequences
of TAPS.

Conclusion
TAPS is recently described form of feto-fetal transfusion
through small (diameter <1 mm) anastomoses that may oc-
cur in monochorionic twins spontaneously or in TTTS cases
after laser surgery (post-laser TAPS). In the past decade,
our knowledge on pathogenesis, diagnostic criteria, man-
agement options, and short- and long-term outcome has
greatly increased. However, further studies are required to
determine the optimal diagnostic criteria. Whether a delta
MCA-PSV >0.5 (comparable to a delta Hb postnatally) is
a better alternative criterion than the currently used fixed
cut-off levels of <1.0 and >1.5 MoM of MCA-PSV requires
further investigation. In addition, we recently introduced
a new diagnostic criterion based on the color difference of
the maternal side of the placenta. Whether this criterion can
eventually be added to the list of post-natal criteria requires
further investigations in larger series of placentas with and
without TAPS.

Although different management options have been pro-
posed, optimal treatment for TAPS is still unclear and re-
mains a challenging problem due to lack of randomized
trials. In this review, we proposed a stage and gestational
age-based flow chart for the treatment of TAPS. Large ran-
domized controlled trials are needed to test the clinical
usefulness of this proposed flowchart.

Studies on long-term outcome in TAPS survivors show
that neurodevelopmental outcome is similar to TTTS twins,
but data on neurological, cognitive, and motor function for
childhood and adulthood are still not available. Long-term
follow-up studies comparing TAPS to TTTS and uncom-
plicated monochorionic twins are required to determine
whether TAPS twins have an increased risk for develop-
ing adverse long-term neurodevelopmental outcome at an
older age.

Since TAPS is a rare disease, collaboration between in-
ternational fetal therapy centers is of utmost importance to
increase sample size and quality of the studies. To facilitate
this purpose, we have recently created a web-based reg-
istry (www.TAPSregistry.org) to gather information on the
short- and long-term outcome in TAPS. This information
will provide us crucial information to set up well-designed
studies and investigate the optimal management in the
future.
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