i Taylor & Francis
Taylor & Francis Group

EXPERT

REVIEW Expert Review of Hematology

(F HEMATOLOST

ISSN: (Print) (Online) Journal homepage: https://www.tandfonline.com/loi/ierr20

Fetal anemia in monochorionic twins: a review on
diagnosis, management, and outcome

L.S.A. Tollenaar, F. Slaghekke, J.M. Middeldorp & E. Lopriore

To cite this article: L.S.A. Tollenaar, F. Slaghekke, J.M. Middeldorp & E. Lopriore (2023) Fetal
anemia in monochorionic twins: a review on diagnosis, management, and outcome, Expert
Review of Hematology, 16:1, 9-16, DOI: 10.1080/17474086.2023.2166921

To link to this article: https://doi.org/10.1080/17474086.2023.2166921

© 2023 The Author(s). Published by Informa
UK Limited, trading as Taylor & Francis
Group.

ﬁ Published online: 19 Jan 2023.

N
CJ/ Submit your article to this journal &

||I| Article views: 640

A
& View related articles &'

PN

(!) View Crossmark data (&

CrossMark

Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalinformation?journalCode=ierr20


https://www.tandfonline.com/action/journalInformation?journalCode=ierr20
https://www.tandfonline.com/loi/ierr20
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/17474086.2023.2166921
https://doi.org/10.1080/17474086.2023.2166921
https://www.tandfonline.com/action/authorSubmission?journalCode=ierr20&show=instructions
https://www.tandfonline.com/action/authorSubmission?journalCode=ierr20&show=instructions
https://www.tandfonline.com/doi/mlt/10.1080/17474086.2023.2166921
https://www.tandfonline.com/doi/mlt/10.1080/17474086.2023.2166921
http://crossmark.crossref.org/dialog/?doi=10.1080/17474086.2023.2166921&domain=pdf&date_stamp=2023-01-19
http://crossmark.crossref.org/dialog/?doi=10.1080/17474086.2023.2166921&domain=pdf&date_stamp=2023-01-19

EXPERT REVIEW OF HEMATOLOGY
2023, VOL. 16, NO. 1, 9-16
https://doi.org/10.1080/17474086.2023.2166921

Taylor & Francis
Taylor &Francis Group

REVIEW

a OPEN ACCESS W) Check for updates

Fetal anemia in monochorionic twins: a review on diagnosis, management, and

outcome

L.S.A. Tollenaar?, F. Slaghekke?, J.M. Middeldorp® and E. Lopriore®

aDepartment of Obstetrics, Division of Fetal therapy, Leiden University Medical Center, Leiden, The Netherlands; ®Department of Pediatrics,
Division of Neonatology, Leiden University Medical Center, Leiden, The Netherlands

ABSTRACT

Introduction: Monochorionic twins may develop fetal anemia when blood is unequally distributed via
the placental vascular anastomoses. This review focuses on the causes of fetal anemia in complicated
monochorionic twins and highlights the differences in management and outcome.

Areas covered: Fetal anemia can occur in the context of twin anemia polycythemia sequence (TAPS),
chronic twin-twin transfusion syndrome (TTTS) and acute peripartum TTTS, and in cotwins after single
fetal demise. Diagnosis of fetal anemia is based on abnormal Doppler ultrasound measurements.
Management options include fetoscopic laser surgery, intrauterine blood transfusion, or expectant
management, depending on the type of complication and the severity of the disease. In all complica-
tions, fetal anemia may lead to perinatal mortality, neonatal morbidity, severe cerebral injury, and long-
term neurodevelopmental impairment. In TAPS specifically, anemic donors may also show bilateral
deafness.

Expert opinion: Knowledge on the diagnosis and optimal treatment in TTTS is nowadays widespread,
but caregivers often fail to distinguish TAPS from acute peripartum TTTS at birth. A full blood count
including reticulocyte count is required, and placental dye injection is extremely helpful to reach the
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correct diagnosis and establish the optimal management.

1. Introduction

Fetal anemia is a rare, but serious condition in the unborn
child, which can result in severe cerebral damage and perina-
tal death. Fetal anemia can be caused by immune-related
causes, such as hemolytic disease of the fetus and newborn,
and nonimmune related causes including Parvo B12 infection,
hemoglobinopathies,  and feto-maternal  transfusion.
Monochorionic (MC) twin pregnancies are exposed to these
risks as well, but have an even higher chance to develop fetal
anemia, because they share one fetal blood circulation, which
can lead to various complications. In this review, we will
describe the pathophysiology, diagnosis, management
options, and outcome for the most important conditions
responsible for fetal anemia in MC twins.

2. MC twins

There are two types of twins: dizygotic (fraternal) and mono-
zygotic (identical). Dizygotic twins always have their own pla-
centa (dichorionic twins). In monozygotic twins, the number of
placentas depends on the timing of embryonic division. When
division occurs within the first 3 days after fertilization, the
identical twins will be dichorionic as well and have their own
placenta. In two-third of the identical twins, division occurs
after 3 days from fertilization, resulting in a MC twin preg-
nancy, meaning that the fetuses share a placenta and have

their blood circulation connected to each other by vascular
connections at the placental surface. In contrast, dichorionic
twins almost never have vascular connections. These vascular
connections, also called anastomoses, allow blood to flow
bidirectionally between the two fetuses. There are generally
two types of anastomoses: unidirectional (arterio-venous (AV),
veno-arterial (VA)), and bidirectional (arterio-arterial (AA)/
veno-venous (VV)). AV anastomoses are also called deep ana-
stomoses as they run deep through capillary networks in
a placental cotyledon. AA and VV anastomoses are called
superficial anastomoses as they remain on the placental sur-
face of the placenta without running through a cotyledon. In
contrast to deep anastomoses, superficial anastomoses have
a very low vascular resistance allowing blood to flow more
freely from one side of the placenta to the other. In approxi-
mately 15% of MC twins, the anastomoses can lead to unequal
blood distribution between the two fetuses [1]. Depending on
the size and type of the anastomoses, this can lead to different
types of life-threatening conditions, which can all present with
fetal anemia. If the anastomoses are small (and particularly of
the AV type), this can lead to twin anemia polycythemia
sequence (TAPS) [2]. If these AV anastomoses are relatively
large, unequal blood flow can result in chronic twin-twin
transfusion syndrome (TTTS). Acute peripartum TTTS can
occur only in the presence of large superficial AA or VW
anastomoses allowing large amount of blood to flow quickly
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Article highlights

e Monochorionic twins are often at risk of severe complications, includ-
ing fetal anemia.

o Fetal anemia can be due to anemia polycythemia sequence (TAPS),
chronic twin-twin transfusion syndrome (TTTS) and acute peripartum
TTTS, and in cotwins after single fetal demise.

e Antenatal diagnosis can be reached through Doppler ultrasound
measurements.

¢ Postnatal diagnosis should include reticulocyte count measurements
to distinguish between acute and chronic forms of anemia.

e Placental dye injection is important to understand the causes and
pathophysiology of the various complications.

o Caregivers should be aware of the high risk (15%) of bilateral deaf-
ness in TAPS donors and perform the right test at birth (BERA) to
avoid permanent speech development delay.

from one twin to the other. Fetal anemia can also occur after
single fetal demise due to acute exsanguination in the cotwin.
An overview of the prevalence of fetal anemia and type of
fetal anemia for the different complications can be viewed in
Table 1.

3. TAPS

TAPS is the most prevalent cause of fetal anemia in MC twins.
The condition is relatively new (and therefore sometimes mis-
taken for chronic TTTS). The pathophysiology was first
described by our research group in 2006 [2]. TAPS arises
from slow unbalanced blood transfusion through minuscule
vascular AV anastomoses at the placental surface, causing the
donor twin to become chronically anemic and the recipient
twin to become chronically polycythemic. TAPS may develop
spontaneously in 3-5% of MC twins (spontaneous TAPS), or

can occur iatrogenically in up to 16% of TTTS twins treated
with laser surgery, when minuscule anastomoses are missed
(post-laser TAPS) [3-6]. As TAPS develops without maternal
complaints, active ultrasound screening for fetal anemia and
polycythemia is crucial. Antenatal identification is achieved by
performing ultrasound Doppler examinations measuring the
middle cerebral artery peak systolic velocity (MCA-PSV),
a method that was introduced by Mari et al. to detect fetal
anemia based on erythrocyte allommunization in singletons
[71. Klaritsch et al. proposed MCA-PSV reference ranges for MC
twins [8]. In TAPS, the MCA-PSV value in the donor will be
high, as a sign of a hyperdynamic blood circulation caused by
chronic anemia. In the recipient twin, the MCA-PSV will be
lower due to chronic polycythemia. An MCA-PSV difference
>0.5 multiples of the median (MoM) is indicative of TAPS. TAPS
can be classified according to the classification system by
Tollenaar et al. [9] (Table 2). As TAPS is a rare disease, studies
investigating the best MCA-PSV criteria in TAPS are generally
based on small numbers, hampering the generalizability of the
results. Therefore, the most optimal MCA-PSV criterion of the
diagnosis of TAPS is still under investigation. Aside from
abnormal MCA-PSV values, TAPS twins frequently show addi-
tional ultrasound markers that can support the diagnosis
(Figure 1) [10]. First, the placenta in TAPS can have
a dichotomous appearance with a hyperechogenic, hydropic
placental territory for the TAPS donor and a hypoechogenic
flattened placental territory for the TAPS recipient. Second,
TAPS donors can demonstrate additional signs of anemia
such as echogenic bowels and cardiomegaly, as the anemic
and hypoxic environment demands higher cardiac output to
be able to supply the body with enough oxygen. Third, in
TAPS recipients a starry-sky aspect of the liver can be
observed, with clearly identified hyperechogenic portal

Table 1. Prevalence and type of fetal anemia for different types of MC twin complications.

TAPS Chronic TTTS Acute peripartum TTTS Perimortem exsanguination
Prevalence of ~100% 2-15% ~100% ~50%
fetal anemia
Type of anemia Chronic Chronic® Acute Acute
Cause Chronic transfusion through Chronic transfusion through Acute transfusion through large  Acute transfusion from the living twin
minuscule anastomoses large anastomoses bidirectional anastomoses to the demised co-twin
Treatment Best antenatal treatment is Fetoscopic laser surgery No antenatal treatment, this Expectant, or rescue IUT
unclear condition occurs during labor
Severe cerebral 4-11% 5-10% unknown 26-32%
injury
Perinatal 9-18% ~25% 8% 16% (in co-twins)
mortality

“Compared to acute peripartum TTTS and perimortem exsanguination, anemia in TTTS donors is more chronic in nature. However, anemia in chronic TTTS may
develop quicker than in TAPS, as anastomoses in chronic TTTS are larger. TAPS, twin anemia polycythemia sequence; TTTS, twin-twin transfusion syndrome.

Table 2. 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 Intrauterine demise of one or both fetuses preceded by TAPS

TAPS, twin anemia polycythemia sequence; MCA-PSV,
multiples of the median.

middle cerebral artery — peak systolic velocity; MoM,

“fetal compromise is defined as critically abnormal flow: Doppler shows absent or reversed end-diastolic flow in
umbilical artery, pulsatile flow in umbilical vein and/or increased pulsatility index or reversed flow in ductus

venosus.
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Additional signs on ultrasound in TAPS

Placenta recipient

a. Placental dichotomy

b. Cardiomegalyin TAPS donor

c. Starry-sky liver in TAPS recipient

Figure 1. (a) Sonographic image of placental dichotomy, with hyperechogenic hydropic placental share for the TAPS donor and flattened hypoechogenic placental
share for the TAPS recipient. (b) Cardiomegaly in the TAPS donor. (c) Starry-sky liver in the TAPS recipient.

venules that project star-like against a hypoechogenic liver
parenchyma.

Antenatal management options for TAPS include expectant
management, prenatal delivery, intrauterine transfusion (IUT)
with or without a partial exchange transfusion (PET), feto-
scopic laser surgery, or selective reduction. With expectant
management, no intrauterine treatment is performed, but
the twins are closely monitored with MCA-PSV measurements.
Expectant management is usually opted in mild or stable cases
of TAPS. Preterm delivery can be a choice when intrauterine
treatment is not feasible and when prolonging the TAPS
pregnancy is expected to be more detrimental to the health
of the twins than the consequences of prematurity. With an
IUT, the TAPS donor will be provided with red blood cells to
temporarily correct fetal anemia. In case of severe polycythe-
mia in the recipient twin, an IUT in the donor can be com-
bined with a PET in the recipient to reduce the hyperviscosity/
polycythemia. During a PET, 5-10 ml of the recipient’s blood
will be removed slowly and will be preplaced with saline,
repeatedly. IUT (with PET) is not a definitive treatment, and
only a temporary solution and therefore reintervention might
be required. Fetoscopic laser surgery is the only treatment
option that tackles the cause of TAPS. Laser surgery is an
endoscopic intrauterine procedure during which the tiny ana-
stomoses are identified and then coagulated. Selective reduc-
tion can be considered in severe cases of TAPS, when there are
structural anomalies, or when other treatment options are
infeasible, and is aimed at sacrificing one twin in order to
increase the chances for healthy survival in the cotwin. The
best treatment option for TAPS is still under investigation. We
are currently performing an international multicenter rando-
mized controlled trial (TAPS trial), comparing laser surgery to
standard treatment (IUT/(xPET), expectant management, pre-
term delivery) (anonymized) (Clincialtrials.org number
NCT04432168)

At birth, TAPS has a classical clinical presentation with
a pale anemic TAPS donor and a plethoric polycythemic
TAPS recipient (Figure 2). Some cases of TAPS are still missed

Figure 2. A MC twin pair with spontaneous twin anemia polycythemia sequence
illustrating the characteristic large skin color difference.

antenatally. This can be due to lacking MCA-PSV measure-
ments in the routine follow-up of MC twins, due to engage-
ment of the fetal head into the pelvic canal which hampers
adequate MCA-PSV assessment, or due to false-negative MCA-
PSV measurements. Therefore, postnatal criteria to diagnose
TAPS have also been established. The first criterion is an inter-
twin hemoglobin (Hb) difference >8 g/dL [11]. To distinguish
TAPS from the similarly presenting acute peripartum TTTS, two
additional criteria have been added. The first is a reticulocyte
count ratio >1.7. The reticulocyte count ratio can be calculated
by dividing the reticulocyte count (in promille (%o0) or percen-
tage (%), not in absolute values) of the donor twin by the
reticulocyte count of the recipient twin. In TAPS, there will be
reticulocytosis in the donor twin due to chronic anemia, result-
ing in an increased ratio. The other additional criterion is the
presence of only minuscule (diameter <1 mm) placental ana-
stomoses, mainly AV anastomoses, detected through color dye
injection of the placenta (Figure 3)[2]. AA are found in 19% of
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TAPS

Acute peripartum TTTS

TTTCRRIVERTTRATRARROOY.
R

Figure 3. An overview of placental differences between TAPS (upper row) and acute peripartum TTTS (lower row). Placentas have been injected with colored dye.
Blue (arteries) and red (veins) were used for the first-born twin and green (arteries) and yellow (veins) were used for the second-born twin. (a) Fetal side of the
a placenta from spontaneous TAPS. The left placental share belongs to the recipient twin, the right placental share belongs to the donor twin. (b) Color dye injection
revealed only one minuscule veno-arterial anastomosis (red-green). (c) The maternal side of the TAPS placenta shows a striking color difference with a plethoric
share for the recipient and a pale share for the donor. (d) Fetal side of a placenta from a acute peripartum TTTS twin. The left placental share belongs to the
recipient twin, the left placental share to the donor twin. (e) Color dye injection revealed numerous large anastomoses including an arterio-arterial anastomosis
(blue-green). (f) The maternal side of the acute peripartum TTTS placenta shows no color difference.

TAPS placentas [12]. VV anastomoses are even more scarce
and are detected in 7%. The maternal side of the placenta
typically shows a color difference, with a pale (sometimes
hydropic) placental share for the donor twin and a plethoric
placental share for the recipient twin [13].

Perinatal mortality in TAPS occurs in 9% of spontaneous
TAPS twins and in 18% of post-laser TAPS twins, with TAPS
donors having a fourfold increased risk [12,14]. Neonatal
complications in TAPS range from isolated Hb differences
to severe cerebral injury and even neonatal death. TAPS
donor twins may be born severely anemic, and might need
multiple red blood cell transfusions to treat anemia.
Importantly, as donor twins have been chronically suffering
from anemia, the transfusion needs to be administered
slowly in order to prevent cardiac decompensation. In TAPS
cases with mild anemia and sufficient erythropoiesis, blood
transfusion might not be needed. Aside from anemia, TAPS
donor twins can also suffer from hypoalbuminemia and low
total protein, possibly as a result of chronic loss into the
recipients’ circulation [15]. Moreover, TAPS donors more fre-
quently born with leukopenia than TAPS recipients, with an
associated increased risk for early onset neonatal sepsis [16].
TAPS donors can also suffer from metabolic complications at
birth. A recent study from our center showed that TAPS
donors have lower pH values and higher lactate in the first
hours after birth, likely as a reflection of chronic intrauterine
hypoxia due to anemia [17]. Additionally, TAPS donors are
more often diagnosed with hypoglycemia in the first 24 h
after birth. Lastly, short-term renal disfunction has also been
described in approximately a quarter of TAPS donors [18].

TAPS recipients on the other hand might suffer from poly-
cythemia hyperviscosity syndrome, needing hyperhydration
therapy, or in more severe cases, requiring a partial exchange
transfusion. Polycythemia hyperviscosity syndrome might in
rare situations also result in skin necrosis and limb ischemia
[19]. In addition, TAPS recipients often present with thrombo-
cytopenia at birth, possibly due to impaired bone marrow
production secondary to tissue hypoxia and impaired spleen
perfusion [11]. Both anemia and polycythemia might lead to
severe brain damage. This is reported in 4% of spontaneous
TAPS twins and in 11% of post-laser TAPS twins, with similar
risks for donor and recipients [12,14]. As most TAPS twins are
delivered prematurely (at a median gestational age of
32 weeks), they might suffer from associated severe neonatal
sequalae in up to 40% [12,14]. Long-term follow-up in spon-
taneous TAPS twins shows that especially donors are at risk for
severe neurodevelopmental impairment (18% in donors com-
pared to 3% of recipients) [20]. Aside from cognitive delay
(mild or severe), which is seen in 41% of donors, 15% of
donors also suffered from bilateral deafness. Deafness always
occurred in the form of auditory neuropathy spectrum disor-
der (ANSD), in which the outer ear is intact, but the inner hair
cells, connecting synapses, or auditory nerve is damaged. This
form of deafness is only detected with automatic auditory
brainstem response (AABR) at birth. Importantly, ANSD will
be missed with the standard neonatal hearing screening
using otoacoustic emissions. To facilitate adequate treatment
and prevent a delay in speech and language development,
neonatal AABR screening for all twins diagnosed with TAPS is
strongly recommended.



4. TTTS

There are two types of TTTS: chronic TTTS and acute peripar-
tum TTTS. Chronic TTTS, generally referred to as simply ‘TTTS,
is a condition that develops in the second trimester of preg-
nancy [1]. Acute peripartum TTTS is a rarer form of TTTS, which
may develop during delivery in previously uncomplicated MC
twin pregnancies [21]. In both conditions, fetal anemia can be
detected.

4.1. Chronic TTTS

Chronic TTTS develops due to unbalanced transfusion through
relatively large placental anastomoses at the surface of the
placenta [22]. This causes the TTTS donor to become hypovo-
lemic, leading to oliguria and oligohydramnios or even anhy-
dramnios. The excess of blood in the TTTS recipient twins
results in hypervolemia, causing polyuria and polyhydramnios.
Moreover, hypervolemia may also lead to cardiac decompen-
sation in the recipient. Chronic TTTS can develop in up to 10%
of MC pregnancies [1]. The time of onset ranges between
14 and 30 weeks of gestation, with a median gestation of
20 weeks. The difference in amniotic fluid, also called twin
oligohydraminos polyhydramnios sequence (TOPS), is pathog-
nomic for TTTS. The severity of the condition is antenatally
classified according to the Eurofetus or Quintero criteria
[23,24]. As chronic TTTS concerns a large, but equal loss of
erythrocytes and plasma, TTTS donors are hypovolemic, but
often not anemic [25]. However, a subgroup of TTTS cases may
present with anemia in the TTTS donor twin, and polycythe-
mia in the TTTS recipient twin [26-28]. Similar to TAPS, TTTS
twins may show a large MCA-PSV difference between the
fetuses, combined with cardiomegaly in the donor twin, starry
sky liver in the recipient twin, and placental dichotomy [28].
Multiple research groups have investigated the prevalence of
anemia-polycythemia (AP) in TTTS cases prior and found that
it ranged from 2.4% to 15%, depending on MCA-PSV criteria
[26-28]. Interestingly, TTTS+AP cases had a later diagnosis of
TTTS, and demonstrated a lower number and smaller size of
anastomoses, comparable with the pathophysiology and pla-
centa angioarchitecture of TAPS [26-28]. The best treatment
for TTTS - regardless of the presence of anemia in the TTTS
donor twin - is fetoscopic laser coagulation of the placental
anastomoses. Laser is the best option in cases with a stage 2
or higher [29], and in TTTS stage 1 with maternal complaints
or cervical shortening [30]. The preferred coagulation techni-
que is the Solomon technique, in which the anastomoses are
coagulated one by one, whereafter a laser line is drawn from
one placental margin to the other, connecting all coagulation
spots. This approach reduces the chance of recurrent TTTS and
post-laser TAPS [6]. After laser surgery, some twins might show
an MCA-PSV >1.5 MoM in one of the twins, suggestive of fetal
anemia due to a missed anastomosis [31]. However, most of
the time this is not due to an incomplete laser, but due to
hemodynamic re-equilibration after separation of the shared
circulation. If the laser is complete, the high MCA-PSV may
return to normal within weeks. The introduction of fetoscopic
laser surgery has drastically improved the prognosis of TTTS.
Without treatment, the mortality ranged from 75% to 100%
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[32]. Now, overall survival is around 75%; survival of at least
one survivor is reported in 85-87% of cases, and in 60-64%
both children may survive [6,29]. In late cases of TTTS (gesta-
tion >28 weeks), laser surgery could be considered but is often
not preferred, due to the large distance to the placenta, the
blurry amniotic fluid, and the size of the anastomoses. In those
cases, amniodrainage can be performed to prolong preg-
nancy. When fetoscopic laser surgery is technically infeasible,
or in case of brain injury or congenital abnormalities, selective
reduction can be an option to increase the chances for healthy
survival in the cotwin. After laser treatment, the twins are
usually delivered at a median gestational age of 32 weeks.

Color-dye injection of the placenta in TTTS is vital to under-
stand the pathogenesis of the disease. In TTTS, there are
relatively large AV anastomoses [22]. AA anastomoses are
scarce in TTTS [33]. It is hypothesized that AA anastomoses
can compensate for differences in blood volumes due to their
bidirectional character. The absence of an AA anastomosis can
therefore potentially contribute to the onset and progression
of TTTS. In contrast, VV anastomoses are more frequently
found in TTTS placentas than in placentas from uncomplicated
MC twins, but their exact role in the onset of the condition is
not well understood [34]. In cases treated with laser surgery,
examination of the laser line is important to check for com-
pleteness of the procedure. In case of post-laser TAPS, one
should look for minuscule anastomoses that are usually
located at the margin of the placenta, where they are more
easily missed [35].

Although outcome in TTTS has improved, neonatal morbid-
ity still remains twice as high compared to the outcome of
uncomplicated MC twins (26% vs. 13%, respectively) [36].
Neonatal morbidity in TTTS treated with laser is mostly related
to the degree of prematurity and includes respiratory distress
syndrome, patent ductus arteriosus, necrotizing enterocolitis,
and retinopathy of prematurity. Severe cerebral injury is
detected in 5-10% of the treated TTTS survivors and can be
a consequence of the TTTS itself or can be related to prema-
turity [36,37]. We therefore recommend routine cranial ultra-
sound examinations in all TTTS survivors at birth to rule out
a severe cerebral injury. Neonatal mortality still occurs in
approximately 5-8% of liveborn infants treated with laser,
mostly as the result of extreme prematurity [6,36]. Severe
long-term neurodevelopmental impairment is seen in 12% of
TTTS survivors treated with laser surgery, with no difference
between donor and recipients [38,39].

4.2. Acute peripartum TTTS

Acute peripartum TTTS is a rare complication that can develop
in up to 2% of MC twins during delivery [21]. In acute peri-
partum TTTS, there is an abrupt shift of blood through large
bidirectional superficial anastomoses from one fetus to the
other, causing the donor twin to become anemic and hypo-
volemic, and the recipient twin to become polycythemic and
hypervolemic. The underlying mechanism for this acute trans-
fer of blood is not fully understood. A possible explanation
might be that the uterine contractions combined with relative
positioning of the fetuses might result in sudden differences in
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blood pressure, thereby generating a pressure gradient that
affects the blood flow between the twins. Strict antenatal
diagnostic criteria have not been established for acute peri-
partum TTTS. Since the onset of the condition occurs very
quickly, there is no TOPS. Cardiotocography (CTG) registration
during labor may show a sinusoidal pattern in the donor twin,
indicating fetal anemia. However, not all cases of acute peri-
partum TTTS show abnormalities on CTG registration, so
absence of this should not rule out the diagnosis.

At birth, the donor twin in acute peripartum TTTS is pale
and might suffer from hypovolemic shock. Neonatal manage-
ment in acute peripartum TTTS donors differs from manage-
ment in TAPS donors. Whereas TAPS donors should be
transfused slowly to prevent cardiac decompensation, acute
peripartum TTTS donors require prompt fluid resuscitation
(including blood transfusion(s)) in order to restore the blood
circulation. The recipient twin in acute peripartum TTTS is
born with a plethoric skin color and might need a partial
exchange transfusion to treat polycythemia. As neonatal man-
agement vastly differs between TAPS and acute peripartum
TTTS, distinction at birth is crucial. The quickest way to get
a hint toward the right diagnosis is by inspecting the maternal
side of the placenta, shortly after birth of the twins. In contrast
to TAPS, the maternal side of the placenta in acute peripartum
TTTS will be equally colored and will not show redness dis-
cordance (Figure 3)[40]. After this examination, the placenta
can be injected with color dye. Whereas TAPS is characterized
by only minuscule anastomoses, in acute peripartum TTTS
there needs to be at least one large (diameter >1 mm) bidir-
ectional anastomosis (AA or VV) at the placental surface that
allows a large and rapid transfusion [21]. Furthermore, in acute
peripartum TTTS, there is no reticulocytosis in the anemic
donor, as the abrupt onset of anemia did not allow erythro-
poiesis to take place. Therefore, reticulocyte count ratio is
<1.7. Due to the rarity of the disease, studies investigating
the outcome in acute peripartum TTTS are scarce. Neonatal
morbidity in acute peripartum TTTS includes perinatal
asphyxia in up to a third of the donor twins due to acute
hemorrhaging [21]. Neonatal mortality occurred in 8%. To
date, there are no studies available on the long-term outcome
of twins with acute peripartum TTTS.

5. Peri-mortem transfusion

Fetal anemia may also develop after single fetal demise (sFD)
in an MC twin. When one of the twins dies, its heart will stop
beating, causing an abrupt drop in blood pressure. This will
create an unbalanced pressure gradient, leading to acute
exsanguination from the living cotwin through placental ana-
stomoses into the low-pressure circulation of the demised
twin. In the surviving cotwin, this may result in hypovolemia,
hypotonia, acute anemia, and hypoxic-ischemic shock.
Consequently, perimortem transfusion is associated with
high rates mortality and morbidity. Perinatal mortality occurs
in 16% of cotwins after sFD [41]. In 26-32% of surviving
cotwins, severe cerebral injury is detected, which may present
as hypoxic-ischemic lesions, hemorrhagic lesions, or other
anomalies secondary to a vascular disturbance, such as optic
nerve hypoplasia [41-43]. In addition, acute perimortem

transfusion may also lead to severe renal damage, with sub-
sequent acute and chronic renal failure, potentially leading to
neonatal death [44,45]. After single fetal demise, 23% of survi-
vors may suffer from long-term neurodevelopmental impair-
ment, mainly due to cerebral palsy [41].

Interestingly, not all cotwins suffer from excessive hemor-
rhaging following sFD. Intrauterine blood sampling after sin-
gle fetal demise showed that 50% of MC twin survivors show
fetal anemia [46]. Possibly, the type, size, and number of
placental anastomoses play a role. Similar to TAPS and chronic
TTTS, MCA-PSV ultrasound Doppler is used for diagnosis of
fetal anemia after sFD. Antenatal management depends on
the gestational age and the presence of fetal anemia [46].
When the pregnancy is preterm and there are no signs of
fetal anemia, a conservative strategy including close ultra-
sound monitoring is recommended. In preterm pregnancies
with fetal anemia, a rescue IUT in the cotwin can be envisaged,
but the benefit is questionable as IUT because usually too late
to avoid the hypoxic brain injury, as acute exsanguination as
already occured [47]. Additionally, a fetal MRI at least 3 weeks
after fetal death can be done to check for severe brain
damage in the cotwin in all preterm cases. Immediate delivery
after sFD is not advised in preterm gestations, as perinatal
transition and (extreme) prematurity may potentially damage
the already vulnerable brain of the cotwin. In sFD cases that
are term or near term (close to 36 weeks), an IUT is usually
technically challenging, and therefore a delivery - either
induced or via cesarean section - should be pursued.

As sFD is associated with high rates of adverse outcome,
preventive intrauterine treatment can be performed to reduce
the risk of perinatal mortality and morbidity. In MC twins with
imminent fetal death, a selective feticide (using radiofre-
quency ablation, bipolar cord occlusion, fetoscopic laser sur-
gery, or interstitial laser coagulation) can be a management
option to establish a relatively safe and controlled demise,
thereby preventing exsanguination in the healthy cotwin.
After selective reduction, perinatal mortality in the cotwin
ranges up to 33%, and severe neonatal morbidity is 12% [48].

6. Conclusion

In conclusion, MC twins are at increased risk for fetal anemia
when blood is unequally distributed via the anastomoses at
the surface of the shared placenta. Fetal anemia can be seen
in the context of TAPS, chronic TTTS and acute peripartum
TTTS, and in the cotwin after single fetal demise. Diagnosis of
fetal anemia in MC twins is based on MCA-PSV Doppler mea-
surements and may be accompanied by the presence of
cardiomegaly, a hydropic hypoechogenic placenta, echogenic
bowels, and fetal hydrops. In anemic donors in acute peripar-
tum TTTS, CTG registration might show a sinusoidal pattern.
Antenatal management of anemia in MC twins includes feto-
scopic laser surgery, IUT, expectant management or delivery,
depending on the type of complication and the severity of
the disease. At birth, a full blood count including Hb and
reticulocyte count (%o or %) and placental examination is
crucial to differentiate between TAPS and acute peripartum
TTTS. In all complications, fetal anemia may lead to perinatal
mortality, neonatal morbidity, severe cerebral damage, and



long-term neurodevelopmental impairment. In TAPS specifi-
cally, anemic donors also show an increased risk of bilateral
deafness. Routine postnatal follow-up including neonatal
brain imaging, AABR hearing testing (only in TAPS), and long-
term neurodevelopmental assessment is crucial to detect
developmental abnormalities and to facilitate timely
treatment.

7. Expert opinion

MC twins may develop fetal anemia when blood is unequally
distributed via the vascular anastomoses at the surface of the
shared placenta. Fetal anemia can be detected in the context
of TAPS, chronic TTTS and acute peripartum TTTS, and in
cotwins after single fetal demise. An increased MCA-PSV
Doppler measurement is the cornerstone in the diagnosis of
fetal anemia, supported by additional ultrasound signs includ-
ing cardiomegaly, echogenic bowel, and fetal hydrops.
Additionally, in TAPS, the placenta can show dichotomy.
Treatment options for fetal anemia in MC twins may vary,
depending on the complication. In TAPS, the best antenatal
treatment is not clear. Management options include feto-
scopic laser surgery, intrauterine blood transfusion, expectant
management, or delivery. For chronic TTTS, the best treatment
is laser surgery. In acute peripartum TTTS, prenatal treatment
is not an option, as this complication occurs during labor. Fetal
anemia in the co-twin after single fetal demise can be treated
with a rescue IUT, although its benefit is doubtful as hypoxic
brain injury has already occurred. To distinguish between
TAPS and acute peripartum TTTS at birth, it is of utmost
importance to perform a full blood count including hemoglo-
bin and reticulocyte count (%o or %). Furthermore, the mater-
nal side of the placenta should be checked for redness
discordance, and the placental vessels should be injected
with color dye to investigate the type and size of anasto-
moses. In the past, most cases presenting at birth with an
anemic and a polycythemic twin have often wrongly been
labeled as due to acute peripartum TTTS. Given the higher
prevalence of TAPS, the majority of these cases were probably
due to TAPS. Nowadays, diagnosis of TAPS should be reached
more frequently. However, TAPS is a relatively ‘new disease’
and the correct diagnosis is still often missed as many perina-
tologists throughout the world are yet unaware of this disease.
In daily practice, reticulocyte counts are often not measured
and only few centers perform placenta dye injection.
Therefore a clear distinction between acute peripartum TTTS
and TAPS cannot be made and a definitive diagnosis cannot
be reached. More awareness should be created throughout
the perinatal community worldwide in order to reach the
correct diagnosis and to manage these cases promptly and
adequately.

Finally, in all complications, fetal anemia may lead to peri-
natal mortality, neonatal morbidity, severe cerebral injury, and
long-term neurodevelopmental impairment. In TAPS specifi-
cally, anemic donors may also show bilateral deafness. Routine
postnatal follow-up including neonatal brain imaging, auto-
mated auditory brainstem response hearing testing (only in
TAPS), and long-term neurodevelopmental assessment is
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crucial to detect developmental abnormalities and to facilitate
timely treatment.
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