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Thirty percent of spontaneously occurring twins are monozygotic, of which two-thirds are monochorionic,

possessing a single placenta. A common placental mass with shared intertwin placental circulation is key to the
development andmanagement of complications unique tomonochorionic gestations. In this Consult, we review
general considerations and a contemporary approach to twin-twin transfusion syndrome and twin anemia-
polycythemia sequence, providing management recommendations based on the available evidence. The
followingare theSociety forMaternal-FetalMedicine recommendations: (1)we recommendroutinefirst-trimester
sonographic determination of chorionicity and amnionicity (GRADE 1B); (2) we recommend that ultrasound
surveillance for twin-twin transfusion syndrome begin at 16 weeks of gestation for all monochorionic-diamniotic
twin pregnancies and continue at least every 2weeks until delivery, withmore frequentmonitoring indicatedwith
clinical concern (GRADE 1C); (3) we recommend that routine sonographic surveillance for twin-twin transfusion
syndromeminimally include assessment of amniotic fluid volumes on both sides of the intertwin membrane and
evaluation for the presence or absence of urine-filled fetal bladders, and ideally incorporate Doppler study of the
umbilical arteries (GRADE 1C); (4) we recommend fetoscopic laser surgery as the standard treatment for stage II
through stage IV twin-twin transfusion syndromepresenting between 16 and 26weeks of gestation (GRADE 1A);
(5) we recommend expectant management with at least weekly fetal surveillance for asymptomatic patients
continuingpregnancies complicatedby stage I twin-twin transfusion syndrome, andconsideration for fetoscopic
laser surgery for stage I twin-twin transfusion syndrome presentations between 16 and 26 weeks of gestation
complicated by additional factors such as maternal polyhydramnios-associated symptomatology (GRADE 1B);
(6)we recommendan individualizedapproach to laser surgery for early- and late-presenting twin-twin transfusion
syndrome (GRADE 1C); (7) we recommend that all patients with twin-twin transfusion syndrome qualifying for
laser therapybe referred to a fetal intervention center for further evaluation, consultation, andcare (Best Practice);
(8) after laser therapy, we suggest weekly surveillance for 6 weeks followed by resumption of every-other-week
surveillance thereafter, unless concern exists for post-laser twin-twin transfusion syndrome, post-laser twin
anemia-polycythemia sequence, or fetal growth restriction (GRADE 2C); (9) following the resolution of twin-twin
transfusion syndrome after fetoscopic laser surgery, and without other indications for earlier delivery, we
recommend delivery of dual-surviving monochorionic-diamniotic twins at 34 to 36 weeks of gestation (GRADE
1C); (10) in twin-twin transfusion syndrome pregnancies complicated by posttreatment single fetal demise, we
recommend full-term delivery (39 weeks) of the surviving co-twin to avoid complications of prematurity unless
indications for earlier delivery exist (GRADE 1C); (11) we recommend that fetoscopic laser surgery not influence
the mode of delivery (Best Practice); (12) we recommend that prenatal diagnosis of twin anemia-polycythemia
sequence minimally require either middle cerebral artery Doppler peak systolic velocity values >1.5 and <1.0
multiples of the median in donor and recipient twins, respectively, or an intertwin Dmiddle cerebral artery peak
systolic velocity >0.5 multiples of the median (GRADE 1C); (13) we recommend that providers consider incor-
porating middle cerebral artery Doppler peak systolic velocity determinations into all monochorionic twin ultra-
sound surveillance beginning at 16weeks of gestation (GRADE 1C); and (14) consultationwith a specialized fetal
care center is recommendedwhen twinanemia-polycythemiasequenceprogresses toamore advanceddisease
stage (stage�II) before 32weeks of gestation or when concern arises for coexisting complications such as twin-
twin transfusion syndrome (Best Practice).

Key words: chorionicity, fetal transfusion therapy, fetoscopic laser surgery, monochorionic-diamniotic
twins, monochorionic twins, screening, staging, surveillance, twin anemia-polycythemia sequence,
twin-twin transfusion syndrome, ultrasound
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Introduction FIGURE 1

Monochorionic-diamniotic twin placental dye
study demonstrating intertwin vascular
anastomoses

The placental surface is visualized, with forceps (image right) retracting the
intertwin membrane. A thumb overlies 1 placental cord insertion, with
yellow (arterial) and blue (venous) dyes injected into the superiorly located
placental territory. Near the image bottom, a placental cord insertion is
observed into the inferiorly located placental territory, with red (arterial)
and green (venous) dyes injected into that circulation. Toward the left side
of the image, near the location where the dividing membrane and placenta
meet, intertwin anastomoses are demonstrated by a mixing of the colored
dyes.
[Image courtesy E. Bergh, MD].

Society for Maternal-Fetal Medicine. Twin-twin transfusion syndrome and twin anemia-
polycythemia sequence. Am J Obstet Gynecol 2024.
Monozygotic twins account for 30% of spontaneously occur-
ring twins, and two-thirds of monozygotic twins are mono-
chorionic (MC), possessingasingleplacenta.1 Thepresenceof
a common placental mass with shared intertwin placental cir-
culation is key to the development and management of com-
plications unique to MC gestations, such as twin-twin
transfusion syndrome (TTTS) and twin anemia-polycythemia
sequence (TAPS). In nearly all monochorionic-diamniotic
(MCDA) pairs, vascular communications within the single
placenta link the twin circulations.2 These intertwin anasto-
moses are implicated in TTTS and TAPS pathophysiology.
They serve as the basis for injury of the MC co-twin after a
single fetal demiseand influencemanagement decisionswhen
complications unique to MC gestations arise. This document
focuseson twinchorionicitydeterminationand theMCmultiple
gestation-specific diseases of TTTS and TAPS. Other com-
plications of MC twins, including selective fetal growth re-
striction (FGR) andmonoamniotic twins, will be presented in a
separate document.

Chorionicity
Chorionicity refers to the type of placentation in multiple
gestations, which partly depends on zygosity.3 Dizygotic
twins result from the fertilization of 2 oocytes by 2 sperm.
Such nonidentical or “fraternal” twin pregnancies nearly
always have dichorionic-diamniotic placentation, with 2
separate placental masses and amniotic sacs. Monozygotic
twin pregnancies result from the fertilization of 1 oocyte by 1
sperm, forming a single zygote that splits into genetically
“identical” twins. The chorionicity of monozygotic twins
depends on when cleavage occurs relative to fertilization. In
approximately one-third of monozygotic twin gestations,
cleavage of themorula within 4 days of fertilization will result
in dichorionic (DC) placentation. In most of the remaining
two-thirds of monozygotic twin gestations, cleavage of the
more advanced blastocyst occurs between 4 and 8 days
after fertilization, resulting in MCDA twins with a single
placental mass and 2 amniotic sacs. Cleavage between 8
and 12 days after fertilization occurs in <1% of twins,
resulting in a monochorionic-monoamniotic gestation.
Cleavage rarely occurs beyond this time, but cleavage that
occurs>12 days after fertilization results in conjoined twins.
Traditionally, monochorionicity has been considered diag-
nostic of monozygosity, which is usually true. However, rare
cases of monochorionic-dizygotic twins have been re-
ported, although the exact mechanism for this is unclear.4
Why is chorionicity important?

MC twins share a single placenta with intertwin vascular
anastomoses connecting fetal circulations (Figure 1).
Vascular anastomoses are observed in over 95% of MC
Corresponding author: Society for Maternal-Fetal Medicine Publications
Committee. pubs@smfm.org
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placentas and do not occur in DC placentas.5e7 A shared
placenta with vascular anastomoses is implicated in certain
complications of MC twins that contribute to increased
morbidity and mortality, such as TTTS and TAPS.
MC twin pregnancies are at higher risk for perinatal

complications than DC twin pregnancies. In 1 large twin
cohort study, the perinatal mortality rate was>2-fold higher
among MC twins compared with DC twins.5 This was pre-
dominantly influenced by the marked increase in rates of
fetal demise in MC twins (7.6%) vs DC twins (1.6%). Overall,
neonatalmorbidity, largely influencedby rates of necrotizing
enterocolitis, was also increased in MC twins compared
with DC controls.5
When is the optimal gestational age to
determine chorionicity?

Evidence of 2 distinct gestational sacs on transvaginal ultra-
sound performed before 10 weeks of gestation indicates
dichorionicity (Figure 2). However, in early MC twin gestations
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FIGURE 2
Eight-week dichorionic twin pregnancy

Two distinct gestational sacs are visualized.
[Image courtesy R. Miller, MD].

Society for Maternal-Fetal Medicine. Twin-twin transfusion syndrome and twin anemia-
polycythemia sequence. Am J Obstet Gynecol 2024.

FIGURE 4
First-trimester determination of amnionicity in a
monochorionic twin gestation

A, 7-week monochorionic twin pregnancy; no dividing membrane is
visible. B, Same monochorionic twin pregnancy at 11 weeks of gestation;
a dividing membrane and “T” sign are now visible.
[Image courtesy R. Miller, MD].

Society for Maternal-Fetal Medicine. Twin-twin transfusion syndrome and twin anemia-
polycythemia sequence. Am J Obstet Gynecol 2024.
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(Figure3), thedeterminationof amnionicity is thought tobe less
accuratebefore10weeksofgestationbecauseofadelay in the
sonographic appearanceof the thin diamnioticmembrane that
is often not yet appreciated. In such cases, reassessment for
the presence of an intervening membrane should be under-
taken at a later ultrasound to confirm MC twin amnionicity
(Figure 4).
Between 10 and 14 weeks of gestation, visualization of

the interface between the placenta and the intervening twin
membrane is an important determinant of chorionicity.8 A
“lambda” sign (also known as a “twin peak” sign) is the
triangular projection of placental tissue into the base of the
intertwin membrane (Figure 5). It represents chorionic villi
FIGURE 3
Nine-week monochorionic-diamniotic twin
pregnancy

A single gestational sac is visualized, with each twin occupying a distinct
amniotic space.
[Image courtesy R. Miller, MD].

Society for Maternal-Fetal Medicine. Twin-twin transfusion syndrome and twin anemia-
polycythemia sequence. Am J Obstet Gynecol 2024.

FIGURE 5
Twelve-week dichorionic twin pregnancy with
“twin peak” sign

Labels “AAA” and “BBB” refer to twins A and B, respectively, and
“MEMBRANE” demonstrates the dividing membrane. The “twin peak” sign
is the triangular projection of placental tissue in the base of the inter-twin
membrane.
[Image courtesy R. Miller, MD].

Society for Maternal-Fetal Medicine. Twin-twin transfusion syndrome and twin anemia-
polycythemia sequence. Am J Obstet Gynecol 2024.
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occupying space between the 2 layers of the chorion at its
origin from the placenta. The presence of either a lambda
sign or 2 separate placentas indicates DC placentation, with
a reported sensitivity of 97% to 99% and specificity of 95%
to 100%.8,9 The lambda sign tends to disappear with
advancing gestational age because of regression of the
chorion frondosum to form the chorion laeve; therefore, it
becomes less reliable beyond the first trimester.8

A “T” sign describes the ultrasound visualization of the
perpendicular attachment of the intervening twinmembrane
to the placenta inMCDA gestations (Figure 6). The presence
of a “T” sign means the absence of the “lambda” sign or the
absence of the chorionic villi extending between the layers
of the intertwin membrane. In 1 study, when observed in the
first trimester along with a single placental mass, the “T”
sign had a sensitivity of nearly 100% and specificity of 98%
for identifying MCDA twin gestations.8 However, another
study showed less optimal performance of sonographic
classification of chorionicity; among all twins (N¼545) and
specifically among MC twins (n¼90), 6.4% and 19% were
misclassified, respectively.10

After 14 weeks of gestation, ultrasound discordance of
fetal sex has a positive predictive value that approaches
100% for establishing dichorionicity, although rare cases of
sex-discordant MC twins have been reported.11,12 Visuali-
zation of 2 separate placental masses can also be used to
confirm dichorionicity. However, this finding is present in
only about one-third of twin gestations. Both the presence
of a thin bridge of placental tissue between 2 dominant
placental masses and the presence of a succenturiate
placental lobe can occur in MC gestations, thereby limiting
this parameter as a useful diagnostic tool.13
FIGURE 6
Twelve-week monochorionic-diamniotic twin
pregnancy

A common anterior placental mass, thin dividing membrane, and
perpendicular “T” sign are visualized.
[Image courtesy R. Miller, MD].

Society for Maternal-Fetal Medicine. Twin-twin transfusion syndrome and twin anemia-
polycythemia sequence. Am J Obstet Gynecol 2024.
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It has been suggested that the thickness of the intertwin
membranemay help determine chorionicity inmidgestation.
In a study by Senat et al,14 a threshold of 2 mm had 90%
sensitivity and 76% specificity for determining MCDA
membranes using standard 2-dimensional sonography at
20 to 35 weeks of gestation, and sensitivity was further
improved using 3-dimensional sonography. However,
membrane thickness is not sufficiently reliable to make
consistently accurate determinations of chorionicity in
clinical practice, and should not be used as a stand-alone
measurement.
A cell-free DNA platform that analyzes single-nucleotide

polymorphisms to determine chromosome copy number
has been marketed to screen for aneuploidy in twin preg-
nancies, with the added ability to provide zygosity infor-
mation. Although a recent study observed accurate zygosity
prediction in 100% of cases for which testing yielded re-
sults, zygosity is not a substitute for chorionicity given that a
subset of monozygotic twins will be DC.15 We recommend
routine first-trimester sonographic determination of chorionicity
and amnionicity (GRADE 1B).16,17

Twin-twin transfusion syndrome

How common is twin-twin transfusion
syndrome?

TTTS is a serious complication that impacts 8% to 12% of
MCDA twin pregnancies, and is a major contributor to MC
twin morbidity and mortality.18e21 Although TTTS predom-
inantly affects MCDA twin pregnancies, other MC multiple
gestations are also at risk. Disease pathophysiology in-
volves an imbalanced sharing of blood and vasoactive
substances across a common placental circulation through
vascular anastomoses.1
What are the diagnostic features of twin-twin
transfusion syndrome, and how is it staged?

TTTS is characterized by a hypovolemic donor twin with
oliguria and related oligohydramnios and a hypervolemic,
hypertensive recipient twin at risk for heart failure with
polyuria and polyhydramnios (Figure 7). Although either twin
may be growth-restricted, selective FGR or discordant
growth are not diagnostic features of TTTS. The essential
requirement for an antenatal TTTS diagnosis is the presence
of the oligohydramniosepolyhydramnios sequence, identi-
fied by a maximal vertical pocket of fluid<2 cm in the donor
sac and>8 cm in the recipient sac, which meets the criteria
for stage I TTTS (Table 1).22

Awidely accepted TTTS staging system first described by
Quintero et al22 is regularly used in clinical practice to gauge
disease severity. Additional features of TTTS associated
with more advanced disease and higher stage include
persistent nonvisualization of the donor twin bladder (stage
II) (Figure 8), severe abnormalities upon Doppler interroga-
tion of the umbilical artery, ductus venosus, or umbilical vein
(stage III) (Figure 9, A, B, and C, respectively); presence of
ascites or hydrops (stage IV) (Figure 10), and fetal demise of
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FIGURE 7
Polyhydramnios-oligohydramnios sequence
in a 19-week monochorionic-diamniotic twin
pregnancy with stage I twin-twin transfusion
syndrome

Twin A is the recipient twin with polyhydramnios and twin B is the donor
twin with oligohydramnios. “MEMBR” indicates the dividing membrane,
which is closely draped over twin B.
[Image courtesy R. Miller, MD].

Society for Maternal-Fetal Medicine. Twin-twin transfusion syndrome and twin anemia-
polycythemia sequence. Am J Obstet Gynecol 2024.

FIGURE 8
Stage II twin-twin transfusion syndrome
presenting at 23 weeks of gestation

Using color Doppler study, umbilical arteries are noted to course around a
sonographically empty donor twin urinary bladder.
[Image courtesy R. Miller, MD].

Society for Maternal-Fetal Medicine. Twin-twin transfusion syndrome and twin anemia-
polycythemia sequence. Am J Obstet Gynecol 2024.
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1 or both twins (stage V). Although classic TTTS staging is
imperfect in predicting outcomes on a case-by-case ba-
sis,23 more advanced presentations (stage III and IV dis-
ease) generally have a less favorable outlook when
compared to stage I and II cases. At all stages of TTTS,
progression, regression, and stability are possible; however,
the probability of progression tends to increase, and
regression becomes less likely with advancing stage.23
TABLE 1
Quintero staging of twin-twin transfusion
syndrome22

Stage
Ultrasound
assessment Criteria

I Amniotic fluid Maximal vertical pocket <2 cm in donor
sac and maximal vertical pocket >8 cm in
recipient sac

II Fetal bladder Nonvisualization of fetal bladder in donor
twin over 60 minutes of observation

III Doppler studies Absent or reversed umbilical artery end-
diastolic velocity, reversed ductus venosus
a-wave flow, pulsatile umbilical vein flow

IV Fetal ascites or
hydrops

Ascites or hydrops in 1 or both twins

V Fetal cardiac
activity

Fetal demise in 1 or both twins

Society for Maternal-Fetal Medicine. Twin-twin transfusion syndrome and twin
anemia-polycythemia sequence. Am J Obstet Gynecol 2024.
Despite these limitations, classic TTTS staging has prac-
tical benefits for evaluating candidacy for therapy, stan-
dardizing findings among providers, and facilitating
research comparisons.
How and when should a patient be screened
for twin-twin transfusion syndrome?

Obstetrical ultrasound is the primary tool tomonitorMC twin
pregnancies for TTTS. The presentation of TTTS is highly
variable. Although most cases are diagnosed in the mid-
trimester, TTTS can manifest at any time in gestation. For
this reason, serial ultrasound surveillance is recommended
for all multiple gestations with MC placentation. Although
high-quality data do not exist to validate an optimal
screening strategy, retrospective cohort studies evaluating
a fortnightly (every-other-week) approach to surveillance
beginning at 16 weeks of gestation have demonstrated
effectiveness for timely TTTS diagnosis and low rates of
stage V TTTS (disease involving fetal demise of 1 or both
twins) with this strategy.24,25 We recommend that ultrasound
surveillance for TTTS begin at 16 weeks of gestation for all MCDA
twin pregnancies and continue at least every 2 weeks until de-
livery, with more frequent monitoring indicated for clinical
concern (GRADE 1C).16,17,26e29 Concerns that should prompt
more frequentmonitoring include sonographic suspicion for
developing or overt pathology (such as the identification of
isolated polyhydramnios, subjective oligohydramnios,
obvious discordance in amniotic fluid volumes, or Doppler
abnormalities) and change in maternal symptomatology
(such as shortness of breath, increasing abdominal girth,
contractions, or pelvic pressure that might suggest the
presence or worsening of polyhydramnios).
MONTH 2024 B5
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FIGURE 9
Doppler velocimetry abnormalities in stage III twin-twin transfusion syndrome

A, Donor twin umbilical artery absent end-diastolic velocity upon Doppler study in a case of stage III twin-twin transfusion syndrome at 21 weeks of
gestation. B, Recipient twin ductus venosus a-wave reversal upon Doppler study in a case of stage III twin-twin transfusion syndrome at 26 weeks of
gestation. C, Recipient twin umbilical vein pulsations upon Doppler study in a case of stage III twin-twin transfusion syndrome at 23 weeks of gestation.
[Image courtesy J. Miller, MD and R. Miller, MD].

Society for Maternal-Fetal Medicine. Twin-twin transfusion syndrome and twin anemia-polycythemia sequence. Am J Obstet Gynecol 2024.
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We recommend that routine sonographic surveillance for TTTS
minimally include assessment of amniotic fluid volumes on both
sides of the intertwin membrane and evaluation for the presence
or absence of urine-filled fetal bladders, and ideally incorporate
Doppler study of the umbilical arteries (GRADE 1C). Although
middle cerebral artery (MCA) Doppler studies do not have a
role in screening for TTTS per se, they are used to screen for
TAPS (discussed later in this document), and should
therefore be considered with routine surveillance sono-
grams for MC twins.16,22,30e33 Fetal weight assessments
are also recommended at least every 4weeks to evaluate for
FGR or intertwin growth discordance.
FIGURE 10
Recipient twin ascites in a case of stage IV
twin-twin transfusion syndrome at 22 weeks of
gestation

[Image courtesy R. Miller, MD].

Society for Maternal-Fetal Medicine. Twin-twin transfusion syndrome and twin anemia-
polycythemia sequence. Am J Obstet Gynecol 2024.
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Although data evaluating the independent contribution of
Doppler studies to routine MC twin surveillance are limited,
isolated Doppler abnormalities may help to identify preg-
nancies with evolving pathology that may benefit frommore
frequent monitoring. In 1 retrospective cohort study
involving 675 MCDA twin pairs undergoing every-other-
week surveillance, including routine Doppler evaluations,
84% (16/19) of stage III or IV TTTS cases that underwent
serial surveillance had abnormal Doppler findings identified
before the visit in which TTTS was diagnosed.24 Numerous
international MC twin surveillance guidelines support the
incorporation of umbilical artery and MCA Doppler studies
into routine MC twin surveillance beginning at 16 to 20
weeks of gestation.16,30e33 Nevertheless, absent further
data proving the added value of Doppler surveillance, it is
reasonable for providers and institutions to consider addi-
tional factors such as local resources and patient access to
care when determining whether to include umbilical artery
and MCA Doppler studies in routine MC twin surveillance
strategies. Although some published monitoring strategies
additionally include ductus venosus Doppler surveillance,
ductus venosus studies are of unclear value as a component
of routine MC twin surveillance.
Regardless of the routine surveillance strategy followed,

Doppler studies of the umbilical artery, ductus venosus, and
MCA are recommended following the identification of any
atypical finding, such as overt TTTS, isolated poly-
hydramnios, subjective amniotic fluid volume discrepancy,
discordant placental echogenicity or thickness, coexisting
FGR, or concern for twin structural or functional cardiac
abnormality. Furthermore, once a diagnosis of TTTS is
established, Doppler studies of the umbilical artery and
ductus venosus are necessary for staging and clinical
management decision-making.

www.smfm.org
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Given the well-established increased risk of congenital
heart disease,34 all MC twins should undergo fetal echo-
cardiography.35 MC twins affected by TTTS also commonly
experience cardiovascular changes given their pathophys-
iology, and fetal echocardiography should be considered
after the diagnosis of TTTS, even if echocardiography was
previously performed. Because of hypertensive volume
overload, recipient twins are at particular risk for biven-
tricular hypertrophy, diastolic dysfunction, diminished right
ventricular systolic function, and acquired right ventricular
outflow tract obstruction (Figure 11).34,36e39 A criticism of
classic TTTS staging is that recipient cardiovascular
changes, whichmay already be present in early-stage TTTS,
may not be recognized with ductus venosus Doppler ab-
normalities, ascites, or hydrops until more advanced-stage
disease manifests.39 In response, some fetal care centers
have developed and applied staging modifications that
consider recipient twin cardiomyopathy.36,39 When present,
this finding may be used to effectively “up-stage” early-
stage presentations and thus may influence management
decisions. However, some studies have suggested that
although fetal echocardiography may provide a more
nuanced description of TTTS pathophysiology, cardiovas-
cular profiling may not provide prognostic value for preg-
nancy outcomes or recipient survival.40,41
FIGURE 11
Recipient twin right ventricular hypertrophy
and tricuspid regurgitation in a case of stage III
twin-twin transfusion syndrome at 23 weeks of
gestation

[Image courtesy R. Miller, MD].

Society for Maternal-Fetal Medicine. Twin-twin transfusion syndrome and twin anemia-
polycythemia sequence. Am J Obstet Gynecol 2024.
How should twin-twin transfusion syndrome
be managed?

Management options for a given TTTS presentation depend
on several factors, including disease severity and gesta-
tional age. When possible, cases in which prenatal inter-
vention is indicated should be referred to a fetal care center.
For patients with suspected or confirmed TTTS in which
uncertainty exists regarding the need for therapy, clinicians
should partner with a fetal care center to determine if and
when a referral is advisable.
Patient counseling regarding prognosis, available man-

agement options, and their associated risks and benefits
should be initiated at the time of diagnosis, further dis-
cussed upon consultation at a fetal care center (should an
in-person consultation occur), and readdressed throughout
pregnancy.42 Some patients may opt for termination of the
entire pregnancy based on the potential obstetrical and
long-term pediatric risks associated with TTTS and its
treatment. In clinical scenarios in which 1 twin is dispro-
portionately impacted, such as coexisting severe FGR or
major fetal anomaly, patientsmay alternatively opt to pursue
selective termination of the affected twin via targeted cord
occlusion therapy. The risks of such a procedure, including
premature rupture of membranes and loss of the entire
pregnancy, should be discussed. For patients opting to
continue with pregnancy with the goal of optimizing twin
outcomes, specific recommendations are provided below.
What is the treatment for advanced-stage
twin-twin transfusion syndrome?

Fetoscopic laser surgery provides superior survival rates
compared with expectant management or serial amnior-
eduction, which was the mainstay of TTTS management
before the emergence of laser surgery.43 Fetoscopic laser
surgery uses laser energy to photocoagulate intertwin
placental anastomoses and thus functionally “dichorionize”
placental circulation, eliminating the root cause of TTTS
(Figure 12). The contemporary approach uses a percuta-
neous access technique.44 Fetoscopic laser surgerymay be
safely performed with maternal intravenous sedation and
local anesthesia or under regional anesthesia, depending on
the clinical circumstances.45,46 General anesthesia is rarely
necessary.
Overall, experienced fetal care centers now report dual

survivors in 50% to 70%of laser cases, 1 survivor in 20% to
30% of cases, and no survivors in 10% to 20% of
cases.47e49 Although most pediatric survivors after laser
surgery for TTTS will have normal neurologic outcomes,
major neurologicmorbidity occurs in 4% to 18%of pediatric
survivors at �2 years of age.50e56 Many factors likely
contribute to this risk, including prematurity and the un-
derlying TTTS pathophysiology that initially prompted
therapy.We recommend fetoscopic laser surgery as the standard
treatment for stage II through stage IV TTTS presenting between
16 and 26 weeks of gestation (GRADE 1A).16,57
MONTH 2024 B7
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FIGURE 12
Fetoscopic view of a single arteriovenous
anastomosis

A thick-walled artery (left) containing relatively deoxygenated (visibly
darker) blood is observed to communicate with a thinner-walled vein (right)
containing relatively oxygenated blood immediately before laser photo-
coagulation. The tip of the laser fiber is in view at 12 o’clock.
[Image courtesy R. Miller, MD].

Society for Maternal-Fetal Medicine. Twin-twin transfusion syndrome and twin anemia-
polycythemia sequence. Am J Obstet Gynecol 2024.

FIGURE 13
Placental dye study of a monochorionic-
diamniotic twin placenta following laser
photocoagulation with adjunct Solomon
equatorial dichorionization

SMFM Consult Series smfm.org
What complications can occur after
fetoscopic laser surgery?
A horizontal hypoechoic line extending from edge to edge across the
placental surface is observed, representing photocoagulation across the
intertwin vascular equator. Colored dye has been injected into each twin’s
umbilical vessels, and no dye is observed to communicate between twin
placental territories.
[Image courtesy E. Bergh, MD].

Society for Maternal-Fetal Medicine. Twin-twin transfusion syndrome and twin anemia-
polycythemia sequence. Am J Obstet Gynecol 2024.
The most common complication after fetoscopic laser sur-
gery is preterm premature rupture of membranes (PPROM),
which occurs in approximately a quarter of cases.58 The
development of fetofetal transfusion conditions after laser
surgery, such as recurrent or reversed TTTS or TAPS, may
complicate over 10% of pregnancies and serves as the
rationale for the Solomon technique for equatorial “dichor-
ionization” (Figure 13). The Solomon technique is an adjunct
to standard laser surgery in which linear photocoagulation is
conducted along the intertwin vascular equator (the
approximate line upon which intertwin anastomoses exist)
following usual laser photocoagulation of visible anasto-
moses.59 This technique decreases the risk of untreated
small or nonvisualized intertwin anastomoses and related
post-laser TAPS and TTTS.60,61 Although literature
supporting the Solomon technique is encouraging, high-
quality data are limited, and long-term pediatric neuro-
developmental benefits are unproven.62

Other complications associatedwith laser surgery include
preterm labor, preterm delivery, placental abruption, infec-
tion, intertwin septostomy, direct or indirect fetal injury, and
fetal death. Reports of severe maternal morbidity are rare,63

but abdominal pain from extravasation of amniotic fluid into
the peritoneal cavity or bleeding sufficient to necessitate
transfusion or surgical exploration can occur.57,64
What is the treatment for stage I twin-twin
transfusion syndrome?

Fetoscopic laser surgery for the management of stage I
TTTS is controversial. Given previous reports of stage I
TTTS stabilizing or regressing in 70%of cases, conventional
B8 MONTH 2024
wisdom held that, with close monitoring, a substantial
subset of patients could avoid the risks of laser surgery
altogether.65 However, pooled contemporary data from the
North American Fetal Therapy Network (NAFTNet) suggest
that stage I diseasemay have a less favorable natural course
than previously appreciated.66 In this retrospective study,
70% of stage I cases had either disease progression to a
more advanced stage or spontaneous preterm birth while
pursuing expectant management.66 A multicenter trial was
recently published involving 117 patients with pregnancies
complicated by stage I TTTS randomly assigned to imme-
diate laser surgery or expectant management.67 Although
the study was prematurely discontinued because of slow
recruitment, there was no difference in intact survival (78%
vs 77%; P¼.88) or severe neurologic morbidity (2.6% vs
4.6%; P¼.49) between the laser and expectant manage-
ment groups, respectively. Among participants randomly
assigned to expectant management, 59% subsequently
progressed and received laser surgery, with a 71% intact
survival rate.67

Given the uncertainty over the natural history of stage I
TTTS and limited data evaluating clinical management, it is
not surprising that practice varies across fetal care centers in
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the United States. The available evidence indicates that
expectant management with close fetal surveillance may be
appropriate for asymptomatic stage I TTTS presentations.
However, when considering stage I TTTS presentations for
fetoscopic laser surgery, some centers use factors such as
maternal symptomatology, short cervix, patient distance
from the treatment center, and fetal echocardiographic
changes to determine procedural eligibility. We recommend
expectant management with at least weekly fetal surveillance for
asymptomatic patients continuing pregnancies complicated by
stage I TTTS and consideration of fetoscopic laser surgery for
stage I TTTS presentations between 16 and 26 weeks of gestation
complicated by additional factors such as maternal
polyhydramnios-associated symptomatology (GRADE 1B).16,57
What is the treatment for twin-twin transfusion
syndrome diagnosed in early (<17 weeks) or
late (>26 weeks) gestation?

Comparisons of laser surgery performed “early” (before 17
weeks) or “late” (after 26 weeks) with procedures done
between 17 and 26 weeks of gestation report similar sur-
vival rates and gestational age at delivery.68,69 One study
reported an increased risk of PPROM within 7 days of
surgery in cases undergoing laser surgery before 17 weeks
compared with those performed between 17 and 26 weeks
of gestation (25% vs 6.4%, respectively).68 However, there
were no cases of PPROM within 7 days of surgery re-
ported in a separate cohort of 40 “early” (<17 weeks of
gestation) fetoscopic laser operations, and overall rates of
PPROM were not significantly different between “early”
and “conventional” timing of fetoscopic laser surgery in
this report.70

Regarding “late” procedures, a small series comparing
laser surgery performed between 26 and 28 weeks of
gestation with laser surgery at usual gestational ages
revealed no differences in operative time, surgical com-
plications, gestational age at delivery, or survival of at least
1 neonate.69 Because these studies are limited by size and
design, we recommend an individualized approach to laser
surgery for early- and late-presenting TTTS (GRADE 1C). For
example, fetoscopic laser therapy may be the best option
in advanced-stage presentations at early gestational ages
in which pregnancy termination is not a consideration and
expectant management is predicted to have a high risk of
fetal demise(s) or otherwise deemed unlikely to achieve
meaningful prolongation of pregnancy. For TTTS pre-
senting beyond 26 weeks (gestational ages for which
amnioreduction, expectant management, or medically
indicated delivery are usually considered), laser surgery
may be a viable option for select cases of severe disease
presenting up to the very early third trimester to reduce
risks of fetal and perinatal death or severe prematurity.
When possible, fetal care center consultation and referral
are recommended to help individualize care in these
cases.
When should a patient be referred to a fetal
care center?

Without therapy, advanced-stage TTTS presenting before
26 weeks of gestation has an extremely poor prognosis,
with perinatal loss rates of at least 70% and a substantial
risk for neurologic disability among survivors.71 Therefore,
we recommend that all patients with TTTS qualifying for laser
therapy be referred to a fetal intervention center for further eval-
uation, consultation, and care (Best Practice).16,17 When un-
certainty exists regarding the need for therapy, clinicians
should partner with a fetal care center to determine if and
when a referral is advisable. A plan for an in-person
consultation at a fetal care center and the timing of such a
visit should be individualized on a case-by-case basis after
considering case specifics, distance from the fetal care
center, and patient resources and availability.
Consultation should include a detailed review of all

reasonable management options, including a discussion of
the fetal, maternal, and obstetrical risks and benefits of
fetoscopic laser surgery. Therapeutic amnioreduction
before consultation at the fetal care center is generally not
recommended because registry data indicate a 15%
complication rate within 48 hours of amnioreduction for
TTTS.72 Amniocentesis-associated procedural complica-
tions such as PPROM, amnion-chorion separation,
bleeding, or labor may preclude interested and eligible pa-
tients from undergoing fetoscopic laser surgery.
In some instances, there may be geographic, financial, or

patient-driven delays to timely fetal care center referral. In
these situations, an individualized approach is advised, and
therapeutic amnioreductionmay be deemed necessary as a
temporizing measure because of severe maternal symp-
tomatology from polyhydramnios. Otherwise, amnior-
eduction for themanagement of TTTS is largely restricted to
late disease presentations that do not qualify for fetoscopic
laser surgery or delivery.
How should pregnancies be monitored after
laser therapy?

There is insufficient evidence to support a specific surveil-
lance strategy after laser treatment for TTTS.16,57 Despite
this paucity of data, many centers recommend weekly ul-
trasound monitoring after laser surgery to screen for
recurrent or reversed TTTS or the development of TAPS.
This surveillance typically includes Doppler velocimetry
studies of the umbilical artery, ductus venosus, andMCA for
each twin. After laser therapy, we suggest weekly surveillance
for 6 weeks followed by resumption of every-other-week sur-
veillance thereafter, unless concern exists for post-laser TTTS,
post-laser TAPS, or FGR (GRADE 2C). Some fetal care centers
offer magnetic resonance imaging after laser surgery to
evaluate the fetal neuroanatomy, with limited data to sup-
port this practice.73

Sonographic evidence of recovery after laser surgery is
usually not immediate, and normalization of ultrasound
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findings, including amniotic fluid volumes, can take weeks.
In cases where a donor twin bladder was nonvisualized
before intervention, the reappearance of a urine-filled
bladder in the early days after surgery is an encouraging
sign that correlates with an increase in umbilical venous
volume flow to that twin.74 In a study that evaluated fetal
hemodynamic findings after laser surgery, improvements in
Doppler studies of the recipient twin ductus venosus and
donor twin umbilical artery were commonly observed by day
5 after therapy, although longer times to recovery are
possible.75 Alternatively, sustained or worsening Doppler
abnormalities can be observed after laser surgery in cases
complicated by various types of posttherapy fetofetal
transfusion or cases with coexisting FGR. Improvements in
recipient twin echocardiographic findings can be gradual
after laser surgery, and full recovery may take months.
Especially for the donor twin, acute worsening can be

observed before improvement, which is believed to reflect
twin hemodynamic adaptations resulting from abrupt laser-
induced changes within a shared placental circulation.
These changesmay trigger what has been termed a “relative
hypervolemia” for the donor twin. In this setting, the donor
twin may demonstrate evidence of transient skin edema or
hydrops, temporary worsening of Doppler findings
(involving the ductus venosus or other vessels), or evidence
of right heart overload.75,76 Although most cases of tran-
sient donor hydrops will spontaneously resolve within days
of laser surgery, some will result in fetal demise. Providers
managing patients after laser surgery for TTTS should
remain in contact with the treating fetal care center, espe-
cially for abnormal findings upon surveillance.
When and how should delivery of
monochorionic twin pregnancies
complicated by twin-twin transfusion
syndrome occur?

Given limited data to support a specific gestational age for
delivery of pregnancies complicated by TTTS, delivery de-
cisions should be individualized. Factors that might influ-
ence delivery timing include disease stage, response to
therapy if performed, evidence of progression, PPROM,
nonreassuring status of either twin, and maternal
status.77e80 In affected pregnancies undergoing expectant
management for TTTS, those with late TTTS diagnoses, or
those with ongoing fetofetal transfusion despite amnior-
eduction or laser surgery, delivery should be considered by
32 to 34 weeks of gestation (or thereafter upon diagnosis),
although earlier delivery may be indicated. If not previously
administered, antenatal corticosteroids are recommended
before delivery.
Premature delivery is common among patients undergo-

ing fetoscopic laser surgery. In a NAFTNet multicenter
retrospective review that included nearly 850 TTTS preg-
nancies, themean gestational age at delivery after laser was
30 to 31 weeks, with the leading causes for delivery being
B10 MONTH 2024
preterm labor, PPROM, and placental abruption.80 Following
the resolution of TTTS after fetoscopic laser surgery and without
other indications for earlier delivery, we recommend delivery of
dual-surviving MCDA twins at 34 to 36 weeks of gestation (GRADE
1C).57 In TTTS pregnancies complicated by posttreatment single
fetal demise, we recommend full-term delivery (39 weeks) of the
surviving co-twin to avoid complications of prematurity unless
indications for earlier delivery exist (GRADE 1C).57,81e83

We recommend that fetoscopic laser surgery not influence the
mode of delivery (Best Practice). Nevertheless, cesarean delivery
rates are high in pregnancies complicated by TTTS, with or
without prenatal treatment. In the aforementioned large
NAFTNet review, approximately 70% of patients undergoing
fetoscopic laser surgery subsequently had cesarean
delivery.80

Twin anemia-polycythemia sequence

What is twin anemia-polycythemia
sequence, and which fetuses are at risk?

TAPS is a chronic, insidious formof fetofetal transfusion that
can impact MC multiple gestations in which an imbalanced
red blood cell transfusion leads to an anemic donor twin and
a polycythemic recipient twin. Pathogenesis has been
linked to the presence of very small, submillimeter intertwin
arteriovenous anastomoses commonly located near the
placental edge.6,84 The rate of blood flow through these
minuscule anastomoses has been estimated to be
approximately 5 to 15mL per day, allowing for some degree
of fetal compensation, at least in earlier disease stages.85e88

Perhaps for this reason, twin amniotic fluid volume discor-
dance is not a usual component of this presentation.
TAPS can develop naturally in the absence of fetal inter-

vention or present following fetoscopic laser surgery.
Naturally occurring TAPS is believed to impact approxi-
mately 2% to 5% of MCDA twin gestations, although high-
quality data are lacking to support a precise
incidence.19,89e91 The disease can occur anytime in the
second or third trimester. In an international registry cohort
that collected 249 cases of spontaneous TAPS, an ante-
natal diagnosis was secured at a median gestational age of
23.7 weeks, with a range from 15.1 to 35.3 weeks.92

After laser surgery, TAPS seems to occur more
frequently, and these presentations can progress rapidly.
Within an open-label randomized controlled trial evaluating
the Solomon technique for equatorial dichorionization,
post-laser TAPS occurred in 15.6% of 135 participants in
the control (standard, non-Solomon laser surgery) arm.61

Observational cohorts have revealed rates of post-laser
TAPS spanning from 2% to 13%, and this range may be
attributable to factors including differing diagnostic stan-
dards, variation in screening strategies, and technical dif-
ferences in surgical technique and surveillance.60,93

Notably, the Solomon technique has been demonstrated
to reduce the risk for post-laser TAPS. In the aforemen-
tioned randomized trial, post-laser TAPS occurred in 2.9%
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of 137 participants who underwent equatorial dichorioni-
zation as an adjunct to standard laser surgery.61 When
post-laser TAPS does occur, the former TTTS recipient and
donor twins may switch roles, becoming TAPS donors and
recipients, respectively.60,85
How is the diagnosis of twin anemia-
polycythemia sequence made?

TAPS can be identified either before or after delivery. The
postnatal diagnosis is usually readily apparent upon visual
inspection, with a pale donor twin and ruddy, plethoric-
appearing recipient twin presenting in stark contrast to
one another. The postnatal diagnosis is confirmed by an
intertwin birth hemoglobin difference of �8 g/dL and either
(1) a reticulocyte ratio of >1.7 between donor and recipient,
supporting hematologic compensation for gradual trans-
fusion or (2) the identification of exclusively small-vessel
anastomoses (<1 mm) upon placental pathology
examination.85,94

Unlike postnatal TAPS identification, antenatal diagnosis
of the condition is often not obvious and requires a high
index of clinical suspicion, especially given that it commonly
presents without growth or amniotic fluid abnormalities. The
requisite finding upon screening involves MCA Doppler
peak systolic velocity (MCA-PSV) abnormalities suggestive
of donor twin anemia and recipient twin polycythemia
(Figure 14).57 As originally described, the prenatal diagnosis
of TAPS requires an MCA-PSV of >1.5 multiples of the
median (MoM) for the presumed anemic donor twin and an
accompanying MCA-PSV of <1.0 MoM for the presumed
polycythemic recipient twin. In 1 retrospective study
involving 45 uncomplicated MC twin pregnancies and 35
with TAPS, these criteria possessed 46% sensitivity, 100%
specificity, 100% positive predictive value, and 70%
negative predictive value.95 Notably, although the correla-
tion of elevated MCA-PSV with fetal anemia is well-
established, the relationship between decreased MCA-
PSV and polycythemia is unproven, and the optimal MCA-
PSV cutoff for the recipient twin is unknown.96 This likely
impacts diagnostic accuracy for prenatal TAPS
determinations.
Other criteria have been proposed to improve the accu-

racy of prenatal TAPS diagnosis; however, limited evidence
exists to support the superiority of any particular detection
strategy. Some advocate MCA-PSV cutoffs of >1.5 MoM
and <0.8 MoM for the identification of donor and recipient
twins, respectively. Alternatively, others recommend D
MCA-PSV (the difference between donor and recipient
MCA-PSV MoM values) for TAPS screening, with cutoffs
>0.5 MoM and >1.0 MoM having been described. In the
aforementioned retrospective cohort of 80 MC twin pairs
with or without TAPS, D MCA-PSV >0.5 had 83% sensi-
tivity, 100% specificity, 100% positive predictive value, and
88%negative predictive value.95 A small prospective cohort
study of MCDA twins with MCA-PSV measurements within
1week of delivery and confirmed postnatal TAPS diagnoses
demonstrated that D MCA-PSV positively correlated with
neonatal hematocrit differences, whereas MCA-PSV was
not reliably decreased in polycythemic twins.96 A recent
Delphi consensus of international experts endorsed the use
of either absolute MCA-PSV cutoffs of �1.5 MoM and �0.8
MoM for donor and recipient twins, respectively, or a D
MCA-PSV of �1.0 MoM.97 Notably, the number of partici-
pating experts in this process was low, with only 33
completing the entire Delphi procedure. Tomaximize screen
sensitivity of MC twin evaluations, and considering the
limited accuracy of MCA-PSV values for the prediction of
recipient twin polycythemia, we recommend that prenatal
diagnosis of TAPS minimally require either Doppler MCA-PSV
values >1.5 MoM and <1.0 MoM in donor and recipient twins,
respectively, or an intertwin D MCA-PSV >0.5 MoM (GRADE 1C).
Accompanying ultrasound findings are observed in up to

86% of TAPS cases, including (1) discordant placental
echogenicity, with the donor twin territory appearing thick
and hyperechoic and the recipient twin territory appearing
hypoechoic or normal (Figure 15); (2) recipient twin car-
diomegaly, commonly with tricuspid regurgitation; or (3) a
“starry sky” appearance of the recipient liver (scattered
echogenic foci set against a diffusely hypoechoic liver)
suggestive of hepatic congestion (Figure 16).98,99 When
some or all are detected in the presence of qualifying MCA-
PSV abnormalities, these findings further support a TAPS
diagnosis. Conversely, false positive diagnoses can occur
with exclusive reliance upon MCA-PSV values in the
absence of supporting ultrasound findings. An example of a
clinical scenario that can present similarly to TAPS involves
MCA-PSV abnormalities attributable to fetal hemodynamic
adaptation following laser surgery.100 Fetal anemia due to
iatrogenic placental hematoma formation has also been
reported to cause MCA-PSV atypia mimicking a TAPS
presentation.101

TAPS may additionally present with critical Doppler
velocimetry findings in the umbilical artery, umbilical vein, or
ductus venosus, or with fetal ascites or hydrops. These
findings typically manifest in the donor twin and indicate a
severe form of disease. An antenatal TAPS staging system
has been proposed (Table 2) that considers the degree of
MCA-PSV abnormality, Doppler abnormalities in selected
other vessels, and the presence of ascites or hydrops when
classifying disease severity.85 We support this TAPS stag-
ing, with the suggestion that D MCA-PSV >0.5 MoM be
considered comparable to a stage I diagnosis.
What is the prognosis for twin anemia-
polycythemia sequence?

The natural history of TAPS is incompletely understood.
Outcomes appear to vary widely, from a low morbidity rate
among twins born late preterm to double fetal demise in
severe cases presenting early in gestation. The available
evidence is limited by sample size, retrospective nature, and
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FIGURE 14
Middle cerebral artery Doppler peak systolic velocity abnormalities in twin anemia-polycythemia
sequence

A, Donor twin elevated middle cerebral artery Doppler peak systolic velocity (1.8 multiples of the median) in a case of stage II twin anemia-polycythemia
sequence at 29 weeks of gestation. B, Recipient twin decreased middle cerebral artery peak systolic velocity (<0.7 multiples of the median) in a case of
stage III twin anemia-polycythemia sequence at 23 weeks of gestation.
[Images courtesy J. Miller, MD and R. Miller, MD, respectively.].

Society for Maternal-Fetal Medicine. Twin-twin transfusion syndrome and twin anemia-polycythemia sequence. Am J Obstet Gynecol 2024.
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varied antenatal management approaches. Among 249
cases in a spontaneous TAPS registry, 88% were diag-
nosed prenatally, and 23% of these underwent expectant
management.92 The perinatal mortality rate was 15% for the
entire cohort and was more likely to occur in donors (22%)
than recipients (7%). Severe neonatal morbidity occurred in
33% of affected twins, without differences in incidence
B12 MONTH 2024
between donors and recipients. Independent risk factors for
severe neonatal morbidity included advanced antenatal
TAPS stage and gestational age at delivery.
In ameta-analysis including 506 pregnancies (38 studies),

including data from the TAPS registry, fetal demise occurred
in 5.2% of twins with spontaneous TAPS and 10.2% of
those with post-laser TAPS, and neonatal demise occurred
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FIGURE 15
Discordant placental echotexture in a
monochorionic-diamniotic twin pregnancy
with twin anemia-polycythemia sequence at
19 weeks of gestation

A distinction in placental echotextures exists (arrow), with a hyperechoic
donor placental territory on the left and a hypoechoic recipient placental
territory on the right.
[Image courtesy R. Miller, MD].

Society for Maternal-Fetal Medicine. Twin-twin transfusion syndrome and twin anemia-
polycythemia sequence. Am J Obstet Gynecol 2024.
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in 4.0% and 9.2%, respectively.102 Although severe
neonatal morbidity was similar between spontaneous TAPS
(29.3%) and post-laser TAPS (33.3%) groups, rates of
FIGURE 16
Twin anemia-polycythemia sequence presentation
pregnancy

On the left, axial view of recipient twin liver with “starry sky” appearance. O
[Image courtesy R. Miller, MD].

Society for Maternal-Fetal Medicine. Twin-twin transfusion syndrome and twin anemia-polycy
severe neurologic morbidity were 4.0% for spontaneous
TAPS and 11.1% for post-laser TAPS. Among the subset of
TAPS cases that were expectantly managed, fetal demise
occurred in 9.8%, and severe neonatal morbidity affected
27.3%. No differences in morbidity and mortality were
observed when comparing TAPS management options,
including expectant management and various forms of
prenatal intervention. However, the authors cautioned that
the nature of the included studies limits the strength of any
such comparisons.
Among newborns with TAPS, mild short-term sequelae

can include the need for postnatal transfusion for the donor
twin or exchange transfusion for the recipient.103 Donor
twins have been observed to have a higher rate of leuko-
penia and early-onset neonatal sepsis.104 Recipient twin
cardiomegaly and liver congestion tend to resolve gradually
after birth. Cerebral lesions, skin necrosis, and distal limb
ischemia have been reported in recipient twins, presumably
due to polycythemia-related hyperviscosity.60,105 Although
robust data are lacking, pediatric studies of TAPS survivors
indicate a risk for neurologic morbidity roughly comparable
to the rate expected among TTTS survivors. Cases of fetal
brain lesions associated with TAPS have been reported,
suggesting an antenatal origin for some pre-
sentations.106,107 Donor twins may possess a particularly
increased risk for neurodevelopmental impairment (NDI),
and the risk of deafness is reported to be as high as
in a 19-week monochorionic-diamniotic twin

n the right, axial view of donor liver with normal echotexture.

themia sequence. Am J Obstet Gynecol 2024.
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TABLE 2
Prenatal staging of twin anemia-polycythemia sequence85,95

Stage Criteria Intertwin criteria

1 MCA-PSV >1.5 MoM in donor and MCA-PSV <1.0 MoM in recipient D MCA-PSV >0.5 MoM without cardiac compromise of donora

2 MCA-PSV >1.7 MoM in donor and MCA-PSV <0.8 MoM in recipient

3 Stage 1 or 2 with cardiac compromise of donora

4 Ascites or hydrops of donor

5 Single or double fetal demise

MCA-PSV, middle cerebral artery Doppler peak systolic velocity; MoM, multiples of the median.

Adapted from Slaghekke et al,85 2010 and Tollenaar et al,95 2019.

a Cardiac compromise defined as absent or reversed end-diastolic flow in umbilical artery, pulsatile flow in umbilical vein, or reversed a-wave in the ductus venosus.

Society for Maternal-Fetal Medicine. Twin-twin transfusion syndrome and twin anemia-polycythemia sequence. Am J Obstet Gynecol 2024.
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15%.103,108,109 In a retrospective series involving 49 preg-
nancies complicated by spontaneous TAPS, overall NDI
occurred in 30% of survivors.109 Although not significantly
different within this small cohort, NDI appeared to be more
common among donors (44%) than recipients (18%).
Bilateral deafness was observed in 5 of 34 (15%) TAPS
donors, with all cases involving auditory neuropathy spec-
trum disorder. This potential association and its etiology
warrant further investigation.
It is possible that the existing literature overrepresents

TAPS risks because of underreporting or underrecognition
of mild disease presentations. Conversely, it is entirely
plausible that some unexpected MC twin fetal demises are,
in fact, attributable to TAPS, especially absent any universal
antenatal screening strategy. If true, this would further in-
crease mortality estimates. Ultimately, the best available
data are of limited quality and suggest a disease with sub-
stantial twin morbidity and mortality risk.
When should monitoring for twin anemia-
polycythemia sequence be performed?

TAPS is a serious complication of MC multiple gestations
that is unlikely to be prenatally detected, especially at earlier
stages, without MCA-PSV evaluation. It can present at any
time in the second or third trimesters, and outcomes appear
to correlate with disease severity. Detection of TAPS during
pregnancy should prompt care escalation that may include
heightened surveillance, fetal care center referral, fetal
therapy, or delivery, with management recommendations
tailored to the specifics of each case presentation.
Varying published formal guidance exists for TAPS

screening, ranging from MCA-PSV assessments beginning
in the midtrimester during routine ultrasound surveillance to
recommendations that do not advocate any universal
screening.30,31,49,110 Critics of universal screening cite a
lack of data supporting any single optimal strategy for TAPS
management. However, this does not mean that treatments
are wholly ineffective for managing severe TAPS pre-
sentations, with expert opinion suggesting otherwise. In
B14 MONTH 2024
addition, the widespread adoption of a universal monitoring
strategy will facilitate an improved understanding of TAPS
incidence and natural history. For these reasons, we
recommend that providers consider incorporating Doppler MCA-
PSV determinations into all MC twin ultrasound surveillance
beginning at 16 weeks of gestation (GRADE 1C).111 However, as
previously noted, providers and institutions may consider
the above information, along with local resources and pa-
tient access to care, when determining whether to include
MCA Doppler studies in routine MC twin surveillance stra-
tegies. Irrespective of whether MCA-PSV assessments are
included in routine screening, MCA-PSV determinations are
a recommended component of all postelaser surgery sur-
veillance, given the substantial risk for iatrogenic TAPS after
TTTS treatment and the potential need for another
intervention.16,57
How should twin anemia-polycythemia
sequence be managed?

Antenatal management decisions for pregnancies compli-
cated by TAPS should consider factors including gesta-
tional age, disease severity, the presence of coexisting twin
complications such as FGR, and maternal and obstetrical
factors. For stage I TAPS presenting before 32 to 34 weeks
of gestation, close monitoring is generally a preferred
strategy. Delivery should be considered for TAPS pre-
sentations at 32 to 34 weeks of gestation or upon diagnosis
if identified later in pregnancy, with antenatal corticosteroid
administration recommended as appropriate before de-
livery. Specific delivery timing should be individualized to
consider the entire obstetrical presentation, including dis-
ease stage.
Patients with advanced-stage TAPS (stage �II) identified

in the second or early third trimester are potential candi-
dates for fetal therapy, and fetal care center referral is rec-
ommended in these situations. The optimal management
strategy for early-onset, severe TAPS is unknown and ulti-
mately should be individualized, with available options
including expectant management, fetoscopic laser surgery,
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UNNUMBERED TABLE
Summary of recommendations

Number Recommendation GRADE

1 We recommend routine first-trimester sonographic
determination of chorionicity and amnionicity.

1B

2 We recommend that ultrasound surveillance for TTTS begin
at 16 weeks of gestation for all MCDA twin pregnancies and
continue at least every 2 weeks until delivery, with more
frequent monitoring indicated with clinical concern.

1C

3 We recommend that routine sonographic surveillance for
TTTS minimally include assessment of amniotic fluid volumes
on both sides of the intertwin membrane and evaluation for
the presence or absence of urine-filled fetal bladders, and
ideally incorporate Doppler study of the umbilical arteries.

1C

4 We recommend fetoscopic laser surgery as the standard
treatment for stage II through stage IV TTTS presenting
between 16 and 26 weeks of gestation.

1A

5 We recommend expectant management with at least weekly
fetal surveillance for asymptomatic patients continuing
pregnancies complicated by stage I TTTS and consideration
for fetoscopic laser surgery for stage I TTTS presentations
between 16 and 26 weeks of gestation complicated by
additional factors such as maternal polyhydramnios-
associated symptomatology.

1B

6 We recommend an individualized approach to laser surgery
for early- and late-presenting TTTS.

1C

7 We recommend that all patients with TTTS qualifying for laser
therapy be referred to a fetal intervention center for further
evaluation, consultation, and care.

Best Practice

8 After laser therapy, we suggest weekly surveillance for 6
weeks followed by resumption of every-other-week
surveillance thereafter, unless concern exists for post-laser
TTTS, post-laser TAPS, or FGR.

2C

9 Following the resolution of TTTS after fetoscopic laser surgery
and without other indications for earlier delivery, we
recommend delivery of dual-surviving MCDA twins at 34 to
36 weeks of gestation.

1C

10 In TTTS pregnancies complicated by posttreatment single
fetal demise, we recommend full-term delivery (39 weeks) of
the surviving co-twin to avoid complications of prematurity
unless indications for earlier delivery exist.

1C

11 We recommend that fetoscopic laser surgery not influence
the mode of delivery.

Best Practice

12 We recommend that prenatal diagnosis of TAPS minimally
require either Doppler MCA-PSV values >1.5 MoM and
<1.0 MoM in donor and recipient twins, respectively, or an
intertwin D MCA-PSV >0.5 MoM.

1C

13 We recommend that providers consider incorporating
Doppler MCA-PSV determinations into all MC twin ultrasound
surveillance beginning at 16 weeks of gestation.

1C

14 Consultation with a specialized fetal care center is
recommended when TAPS progresses to a more advanced
disease stage (�II) before 32 weeks of gestation or when
concern arises for coexisting complications such as TTTS.

Best Practice

D MCA-PSV, difference between donor and recipient MCA-PSV MoM values; FGR, fetal growth restriction; MC, monochorionic; MCDA, monochorionic-diamniotic; MCA-PSV, middle cerebral artery
Doppler peak systolic velocity; MoM, multiples of the median; TAPS, twin anemia-polycythemia sequence; TTTS, twinetwin transfusion syndrome.

Society for Maternal-Fetal Medicine. Twin-twin transfusion syndrome and twin anemia-polycythemia sequence. Am J Obstet Gynecol 2024.
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UNNUMBERED TABLE
Society for Maternal-Fetal Medicine grading system: GRADE (Grading of Recommendations
Assessment, Development and Evaluation) recommendations118a

GRADE of
recommendation Clarity of risk and benefit Quality of supporting evidence Implications

1A. Strong
recommendation,
high-quality
evidence

Benefits clearly outweigh risks and
burdens, or vice versa

Consistent evidence from well-performed,
randomized controlled trials, or
overwhelming evidence of some other
form
Further research is unlikely to change
confidence in the estimate of benefit and
risk

Strong recommendation that can
apply to most patients in most
circumstances without reservation

Clinicians should follow a strong
recommendation unless a clear
and compelling rationale for an
alternative approach is present

1B. Strong
recommendation,
moderate-quality
evidence

Benefits clearly outweigh risks and
burdens, or vice versa

Evidence from randomized controlled
trials with important limitations
(inconsistent results, methodologic flaws,
indirect or imprecise), or very strong
evidence of some other research design
Further research (if performed) is likely to
have an impact on confidence in the
estimate of benefit and risk and may
change the estimate

Strong recommendation that
applies to most patients
Clinicians should follow a strong
recommendation unless a clear
and compelling rationale for an
alternative approach is present

1C. Strong
recommendation,
low-quality
evidence

Benefits appear to outweigh risks and
burdens, or vice versa

Evidence from observational studies,
unsystematic clinical experience, or
randomized controlled trials with serious
flaws
Any estimate of effect is uncertain

Strong recommendation that
applies to most patients
Some of the evidence base
supporting the recommendation
is, however, of low quality

2A. Weak
recommendation,
high-quality
evidence

Benefits closely balanced with risks
and burdens

Consistent evidence from well-performed
randomized controlled trials or
overwhelming evidence of some other
form
Further research is unlikely to change
confidence in the estimate of benefit and
risk

Weak recommendation; best
action may differ depending on
circumstances or patients or
societal values

2B. Weak
recommendation,
moderate-quality
evidence

Benefits closely balanced with risks
and burdens; some uncertainty in the
estimates of benefits, risks, and
burdens

Evidence from randomized controlled
trials with important limitations
(inconsistent results, methodologic flaws,
indirect or imprecise), or very strong
evidence of some other research design
Further research (if performed) is likely to
have an effect on confidence in the
estimate of benefit and risk and may
change the estimate

Weak recommendation;
alternative approaches likely to be
better for some patients under
some circumstances

2C. Weak
recommendation,
low-quality
evidence

Uncertainty in the estimates of
benefits, risks, and burdens; benefits
may be closely balanced with risks
and burdens

Evidence from observational studies,
unsystematic clinical experience, or
randomized controlled trials with serious
flaws
Any estimate of effect is uncertain

Very weak recommendation;
alternatives may be equally
reasonable

Best practice Recommendation in which either (1)
there is an enormous amount of
indirect evidence that clearly justifies
strong recommendation (direct
evidence would be challenging, and
inefficient use of time and resources,
to bring together and carefully
summarize), or (2) recommendation to
the contrary would be unethical

a Adapted from Guyatt et al,119 2008.
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Guidelines
The content of this document reflects the national and international guidelines related to twin-twin transfusion syndrome and twin
anemia-polycythemia sequence

Organization Title Year of publication

American College of Obstetricians and Gynecologists ACOG Practice Bulletin No 231: Multifetal gestations:
Twin, triplet, and higher-order multifetal pregnancies29

2021

American Institute of Ultrasound in Medicine AIUM practice parameter for the performance of fetal
echocardiography35

2020

Expert Panel Consensus diagnostic criteria and monitoring of twin
anemia-polycythemia sequence: Delphi procedure97

2019

International Federation of Gynecology and Obstetrics FIGO Good clinical practice advice: Management of twin
pregnancy32

2019

International Society of Ultrasound in Obstetrics and
Gynecology

ISUOG Practice Guidelines: role of ultrasound in twin
pregnancy31

2016

National Institute for Health and Care Excellence Twin and triplet pregnancy17 2019

North American Fetal Therapy Network Consensus Statement: Management of complicated
monochorionic gestations57

2015

North American Fetal Therapy Network Consensus Statement: Prenatal management of
uncomplicated monochorionic gestations26

2015

North American Fetal Therapy Network Consensus statement: Prenatal surveillance of
uncomplicated monochorionic gestations1

2015

Royal Australian and New Zealand College of
Obstetricians and Gynaecologists

Best Practice Statement: Management of monochorionic
twin pregnancy33

2011

Royal College of Obstetricians and Gynaecologists Green-top Guideline No. 51: Management of
monochorionic twin pregnancy16

2017

Society of Obstetricians and Gynaecologists of Canada Guideline No. 440: Management of monochorionic twin
pregnancies30

2023
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fetal transfusion therapy, and delivery. Selective fetal
demise via targeted cord occlusion and termination of the
entire pregnancy have also been described.
As with its role in the management of TTTS, the appeal of

laser surgery for severe midtrimester TAPS presentations is
its ability to interrupt the underlying fetofetal transfusion
pathway. However, technical considerations such as
placental location and lack of polyhydramnios-
oligohydramnios may severely challenge or altogether pre-
clude procedural completion. In cases where laser surgery
is deemed inadvisable and for severe presentations in the
early third trimester, fetal transfusion therapy may be
considered. Various approaches to TAPS transfusion ther-
apy have been described, although all involve some form of
donoretwin intrauterine transfusion (IUT). A concern with
any donor IUT is that it may worsen recipient twin poly-
cythemia, which, when sufficiently severe, could trigger fetal
ischemic insult or infarction of the distal extremities or brain.
Although some proceduralists use an entirely intravascular
approach to donor IUT, others use intraperitoneal
transfusions, attempting to slow the absorption of red blood
cells into the fetal circulation and theoretically decreasing
the rate of blood transfer between twins.105 In addition,
some proceduralists advocate for accompanying recipient
twin partial exchange transfusion (PET), in which the recip-
ient blood is hemodiluted by gradual exchange of an equal
volume of sterile isotonic crystalloid solution.112,113 How-
ever, IUT with or without PET is ultimately considered a
temporizing measure, and repeated transfusions may be
indicated before delivery.
No published randomized controlled trial data exist

comparing laser surgery or fetal transfusion therapy with
expectant management, and the existing studies are retro-
spective and limited for such comparisons. An open-label
randomized controlled trial is currently underway
comparing laser surgery with expectant management,
IUT�PET, and preterm delivery.114 When evaluating the
existing literature, it is important to consider that fetal ther-
apy—whether laser or transfusion therapy—is generally
reserved for more severe TAPS manifestations. Therefore,
MONTH 2024 B17
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comparisons based largely on case reports and series are
subject to selection bias due to nonrandom treatment group
allocations.
A retrospective study described 52 cases from 2 fetal care

centers managed with either laser surgery (n¼8), fetal
transfusion therapy (n¼17), or expectant observation
(n¼27). There was no statistically significant difference in
perinatal survival rates when comparing the 3 approaches
(laser 94%, transfusion 85%, expectant management 83%;
P¼.30).115 Severe neonatal morbidity rates among live-born
neonates were 7% for laser, 38% for transfusion therapy,
and 24% for expectant management, yet this was also not
significantly different between groups. However, no severe
postnatal hematologic complications (defined as the donor
requiring blood transfusion or the recipient requiring PET on
the first postnatal day) were detected after laser surgery, as
opposed to rates of 72% after transfusion therapy and 52%
after expectant management. Laser surgery was also
associated with a significantly (P<.01) prolonged latency
from diagnosis to delivery and decreased risk for respiratory
distress syndrome. A systematic review consisting of case
reports and series, as well as the above study, collected 105
TAPS cases.116 The authors found no difference in perinatal
mortality between groups but a lower rate of adverse peri-
natal outcomes for those treated with laser or transfusion
therapy compared with expectantly managed cases. In a
TAPS registry-based study, 370 prenatally diagnosed TAPS
cases were reported by 17 fetal care centers between 2014
and 2019.117 Considerable heterogeneity of management
approaches was observed between and even within fetal
care centers. Perinatal mortality rates were 17%, 18%,
18%, 10%, and 7% for expectant management, laser,
IUT�PET, delivery, and selective termination (nontargeted
twin only) groups, respectively, without a significant differ-
ence among management approaches. The rates of severe
neonatal morbidity were similar among the groups, ranging
from 25% to 49% for all treatment modalities.
When should patients be referred to a fetal
care center for twin anemia-polycythemia
sequence?

Although screening aims to identify TAPS presentations
that might benefit from prenatal intervention, not all sus-
pected cases require a fetal care center referral. Specifically,
cases of stage I TAPS can be safely managed with more
frequent local surveillance (on an at-least-weekly basis),
regardless of whether the diagnosis represents a false-
positive presentation or overt early-stage TAPS. Consulta-
tion with a specialized fetal care center is recommended when
TAPS progresses to a more advanced disease stage (stage ‡II)
before 32 weeks of gestation or when concern arises for coex-
isting complications such as TTTS (Best Practice). TAPS pre-
sentations (of any stage) at 32 to 34 weeks—or upon
diagnosis if identified at later gestational ages—may be
considered for delivery and do not necessarily require
outside referral.
B18 MONTH 2024
Conclusion
MC twins are at increased risk for perinatal morbidity and
mortality, much of which is attributable to specific issues
involving their shared placenta and intertwin placental cir-
culation. TTTS and TAPS represent 2 types of fetofetal
transfusion syndromes in which there is imbalanced blood
flow across intertwin placental anastomoses. Frequent
sonographic monitoring beginning early in the midtrimester
can identify these conditions and provide opportunities for
individualized management plans. n
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