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Abstract \

Twin reversed arterial perfusion sequence, a severe and unique complication of monochorionic multiple pregnancy, is characterized by
vascular anastomosis and abnormal or absent cardiac development in the twins. This article reviewed its pathogenesis, prenatal ultra-
sound diagnosis, and management. The pump twin’s chances for survival can be maximized by proper management. The optimal
timing of the interventions remains a debate, although the latest studies encourage early intervention, i.e., in the first timester. The most
preferred approach is to interrupt the vascular supply to the acardius, such as through ultrasound-guided laser coagulation and radio-
frequency ablation of the intrafetal vessels.
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Introduction high-output cardiac failure. If no intervention is taken, in the
TRAP sequence, mortality is 100% in the acardiac twin, and
the demise of the pump fetus will be up to 50%.” Thus, it is
necessary to closely monitor whether there is any cardiovascu-
lar compromise in the pump twin or significant growth of the
TRAP mass through ultrasound and Doppler velocimetry.
The intervention, ultrasound-guided laser coagulation, should

technologies in recent years, the incidence of TRAP has be adopted to interrupt the vascular supply to the acardiac

rown t6 2.6% of monozywotic twins and one in ever twin while the condition deteriorates.® Hydropic changes, car-
% 500 to 11.000 pregnancies 8 Y diomegaly, and continued growth of the acardiac twin are s1g—

nificant predictors of the adverse outcome of the pump twin.”

Currently, the application of ultrasound and Doppler
velocimetry cannot accurately predict the risk or prevent sudden
death. Of 30 TRAP sequence cases d1agnosed at 11 to 14 weeks
in a meta-analysis of Chaveeva et al.,® 11 cases suffered death or
brain damage of the pump twin w1thout any scheduled inter-
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Twin reversed arterial perfusion (TRAP) sequence is a rare phe-
nomenon characterized by the presence of an acardiac twin per-
fused by a structurally normal fetus (pump twin), occurring in

1% of monochorlomc pregnancies and one in 35,000 in all
pregnancies.' However, because of improved ultrasound
diagnosis and the W1despread use of assisted reproductive

The fetal blood flow in the umbilical artery comes from the
pump twin to the acardiac twin through artery-artery anasto-
mosis on the placental surface, and this anatomical feature
puts the pump fetus at risk of hyperdynamic circulation and
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placentation and primary defect in cardiac embryogenesis
because of chromosomal abnormality or environmental fac-
tors, when the unique perfusion of the acardiac fetus is re-
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acardiac twin can be calculated with the following formula
prenatally: weight (in grams) = length x width x height x
0.52 in centimeters, or using 3D ultrasound where 1 mL will be
1 gram;

(2% inconsistent ratio of pump/acardiac umbilical venous di-
ameter (UVD);

{3) Sn acardiac twin that has a developed body and upper
imbs;

(4) the ratio of the abdominal circumference between acardiac
and pump twin of higher than 50%;

(§) monoamnionicity;

(6) the manifestation with signs and symptoms of high-output
cardiac failure, including umbilical vein pulsations, tricuspid
regurgitation, the absent or reversed in ductus venosus A-
wave, hydrops fetalis, and polyhydramnios;

(7) the continuous growth of the acardiac twin;

(8) an increase in peak middle cerebral artery velocity;

(9) a ratio of umbilical artery pulsatility index acardiac/pump
twin of less than 1.

Because acardiac twin is a rare event, no large series are
available on the predictive accuracy of these variables.

Ultrasound diagnosis

An acardiac twin should be considered when an ultrasound
examination identifies one of the fetuses with evident ab-
normalities in monochorionic twins.'® The typical ultra-
sound feature is the pathognomonic reversed blood flow
into the acardiac twin through its umbilical artery on color
Doppler ultrasound. Furthermore, the key finding is a fetus
with muluple profound malformations, subcutaneous
edema, massive fluid collections, and no heart (Fig. 1).!2
The pathognomonic finding mentioned above might be ev-
ident even during the first trimester. The arterial blood is
pumped from the pump twin to the acardiac twin in a retro-
grade fashion, which can alter the hemodynamic status and
fetal cardiac function. It will cause congestive heart failure/
chronic high-output failure if left untreated. The color Dopp-
ler is the most common and direct method to evaluate fetal
safety in utero. The most commonly used fetal Doppler pa-
rameters include umbilical artery and middle cerebral artery
pulsatility indexes, middle cerebral artery peak systolic veloc-
ity, and cerebroplacental ratio.!”

With the suspected demise of one of the monochorionic
twins, the absence of blood flow should be revealed during
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the Doppler examination. The TRAP sequence should be
suspected when the persistent intrafetal blood flow is iden-
tified. Other differential diagnoses include intra-amniotic
or placental tumors, such as chorioangioma, a placental
cyst or teratoma, and an early single demise in an MC twin
pregnancy.’

An acardiac fetus is clinically divided into pseudocardiac
(the presence of rudimentary cardiac structures) and
halocardia (the absence of cardiac structures). It is widel
classified into four different subgroups morphologically'*-2;
acardius acephalus (lacking cranial structures), acardius anceps
(with rudimentary cranial structures), acardius acormus (only
facial structures are present), and acardius amorphus (no
recognizable form is present). This classification can make
an accurate morphological description but has no predictive
role in management and prognosis. It has been suggested
that the size of the acardiac twin is correlated with perinatal
mortality. In addition to the weight of the acardiac fetus,’'
some researchers have proposed the use of the abdominal
circumference (AC) ratio as a prognostic factor to estimate
the effect between acardius fetus and pump twins.” A classi-
fication based on prenatal ultrasound findings of acardius
size and signs of cardiac function impairment in the pump
twin has been developed by them, which might help identify
the most severe cases or those requiring prenatal interven-
tions. Acardiac anomalies are divided into type I, small or
medium-sized acardiac twin (the AC ratio of the acardiac
fetus to the pump twins is less than 50%) and type II, giant
acardiac twins (the AC ratio of the acardiac fetus to the
pump twins is greater than 50%).

Management

Management of TRAP aims to preserve the pump twin and
reach the term for delivery. Karyotyping for the pump twin
should be offered. In Europe, most centers offer a prophy-
lactic intervention to arrest the reversed perfusion if it is still
present in the early second trimester.?” In the United States,
most centers only offer treatment if the acardiac to pump
weight ratio exceeds 50%, the cardiac mass grows rapldly,
or the pump twin shows signs of heart failure or anemia.
This more cautious approach aims to avoid unnecessary in-
tervention. In the absence of poor prognostic features, they
follow TRAP cases with a weekly follow-up scan until the
blood flow to the acardiac twin stops, or the relative weight

Figure 1. The typical ultrasound features of twin reversed arterial perfusion sequence. A Ultrasound image of an acardius acephalus twin at 16 weeks. B
Color and pulsed Doppler image of the acardiac twin showing blood flow. C Color Doppler image showing reverse perfusion through the umbilical cord

via the arterioarterial anastomosis.
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of the acardiac twin declines or remains constant for two
consecutive scans.

Timing for fetal therapy

The optimal timing for treatment remains controversial. The
spontaneous death of the pump twin in TRAP pregnancies is
between 35% and 50%.*'** With advances in ultrasound tech-
niques, the diagnosis of TRAP pregnancies may be made in the
early first trimester, which provides a potential for early therapeu-
tic intervention for this condition. There are studies reportin§ that
the intervention usually is undertaken at 16 to 18 weeks.”

Scheier et al.** have reported seven cases of TRAP preg-
nancies diagnosed before 16 weeks of gestation. Six of seven
received interstitial laser (IL) before 18 weeks with 100%
survival, and the pump twins were delivered healthy at a
median of 38 (minimum 343 weeks; maximum 40*° weeks)

gestational weeks. One fetus treated with IL died after the
procedure at 20*% weeks.>*

Roethlisberger et al.>> have revealed improved survival
when the pump twin was larger relative to the acardiac twin
and regarded the ratio between the pump twin’s crown-rump
length and the acardiac twin’s upper pole-rump length as pre-
dictive factors for pregnancy outcome. The other study by Berg
et al?® have also reported 11 cases of TRAP treated with IL before
20 weeks of gestation. Three ILs were performed before 14 weeks,
another five were performed between 14 and 16 weeks, and the
remaining three were performed between 16 and 20 weeks. The
intrauterine demises of the pump twin occurred in three cases
within a few days after the procedure (27.3%, two cases
treated at <16 weeks, and one treated at >20 weeks).>°

A recent study by Tavares de Sousa et al.>” has reported
outcomes for 12 cases of TRAP at a median gestational
age of 39* weeks who underwent IL before 14*3 weeks. They
have reported a single intrauterine fetal demise within two
weeks of the procedure, 91.7% overall survival, and only
one case of preterm birth. Differences in inclusion criteria
and operative techniques concerning the interventions could
explain the variations in outcomes.*”

A multicenter study about the intervention of TRAP in re-
cent years (https://clinicaltrials.gov/ct2/show/NCT02621645)
is on going. The study aims to define the optimal time for treat-
ment by comparing the treatment of outcome of early (12.0—
14.0 weeks) and late interventions (16.0-19.0 weeks).

Techniques for fetal therapy

Obliteration of the umbilical blood flow in the acardiac
twin can be achieved either at the umbilical cord level
(extrafetal) or at its vessels beneath its insertion into the abdo-
men (intrafetal). Bipolar cord coagulation (BCC) is the most
popular extrafetal method. Among intrafetal techniques, RFA
and IL therapy (ILT) are the most commonly used.?® Laser co-
agulation with fetoscope has become less popular, whereas mi-
crowave ablation (MWA) is a new technique that needs
more investigation.

All the previously mentioned procedures are invasive and
should be performed under local anesthesia, and an aseptic
technique, and antibiotic cover are recommended. One com-
mon and major technical difficulty to all these invasive
methods is whether there is a window for the insertion of
an instrument to approach the target. An anteriorly located
placenta may limit access, and sometimes, the target twin is
below the placenta or the pump twin, making the procedure
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more challenging. Therefore, a noninvasive approach using
high-intensity focused ultrasound to the intrafetal umbilical
vessels has also been tried.”%?

BCC

Since its introduction by Deprest e al.>® in 2000 in treating
complicated MC twin pregnancies, BCC has been used to
occlude the umbilical cord.

Under either ultrasound or fetoscopic guidance, the acardiac’s
cord is coagulated using bipolar energy. It can be performed
using 2.4- to 3-mm bipolar forceps, which are inserted into
the acardiac twin’s amniotic sac, with caution not to punc-
ture the intertwin membrane. The forceps are advanced to
the umbilical cord in the target twin, close to its abdominal
insertion site or its placental insertion site, or any site at
which the loop of the cord is stable. The forceps blades are
then opened to grasp the cord’s entire width. After confirm-
ing the correct position of the forceps, coagulation is per-
formed with a power setting of 30 W for 30 seconds. The
power can be increased up to 50 W until tissue coagulation is
achieved. The real-time thermal effect can be observed under ul-
trasound guidance during the procedure. A stream of bubbles
from the forceps blades indicates local heat generation and
eventual solidification of the tissue. Higher initial energy should
be avoided to prevent tissue carbonization from causing the for-
ceps’ blades to stick to the cord. It is significant to get the device
away from the placenta, the fetus, and the intertwin membranes
to avoid inadvertent thermal damage during the procedure.
Color Doppler ultrasound is used to confirm the absence of
umbilical blood flow after the forceps are freed from the
cord. Sometimes, the absence of blood flow on color Dopp-
ler may be caused by temporary vasospasm rather than real
vascular obliteration; hence, it is recommended to repeat
two to three separate applications in adjacent sites to ensure
complete occlusion. The treatment of TRAP sequence by
BCC is limited to selected cases with a thick hydropic cord
after 18 weeks, where intrafetal coagulation is not an op-
tion, and laser coagulation is likely to fail, for example, in
cases of a monoamniotic TRAP diagnosed at 20 weeks.
The overall success rate for cord coagulation is around
80%,>! which is lower than intrafetal or fetoscopic laser coag-
ulation.'* Because the entry is through a 3.3-mm port, the
risks of iatrogenic rupture of the membranes are higher, with
a lower gestational age at birth (35-36 weeks). BCC can be
technically demanding if the cord is short or directly originat-
ing from the pump twin’s cord.

RFA

RFA has been initially introduced to clinical use for the local
treatment of various neoplasms. The application of RFA in
the TRAP sequence was first reported in 2002 by Tsao
et al.,>> who used a 14G (3-mm) RFA probe to induce tissue co-
agulation. As the RFA probe has now been reduced to only
17G, and because of the ease of use, it has become a very prev-
alent modality for the selective reduction in MC twin
complications.>¥3?

Several types of RFA needles are available.>® The size of
the needle and its coagulation depth are chosen depending
on the size of the target twin, but the smallest size is 17G.
There are various types of electrodes for RFA. In most reports
regarding RFA for TRAP sequence, an expandable needle
electrode with tines or an internally cooled electrode without
tines is used with similar success rates.
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The RFA probe is inserted under continuous ultrasound
guidance into the target twin’s abdomen, aiming at the base
of its umbilical cord insertion. After confirming the correct
position, the tines of the RFA device are deployed. The de-
gree of deployment should be estimated according to the
size of the target zone of the fetus, which varies with its ges-
tation. Precaution measures in ensuring that all deployed
tines are within the fetal body must be performed. The initial
power of 30 watts (W) is then applied and increased by 10-W
increments every two minutes to a maximum of 100 W.
Some authors advocate a high starting power instead to
achieve a rapid completion of coagulation to m1n1m1ze the
potential hemodynamic instability of the cotwin.** The proce-
dure may need to be repeated for one or two additional cycles
until umbilical cord blood flow cessation is confirmed with
power color and pulsed Doppler ultrasound. It is significant
to get the electrode away from the uterine wall and mem-
branes to prevent the spread of thermal injury. The tines
must be retracted before the removal of the electrode.>®”

Potential complications are thermal injury to the Cotwm
and thigh burns on the mother from the ground pads.>®

ILT

For intrafetal neodymium-doped yttrium-aluminium-garnet
(Nd: YAG), an 18G to 20G needle is used. A 400- to 600-um
laser fiber is then passed through the needle and advanced a
few millimeters beyond the tip of the needle.*® Because the nee-
dle is smaller than the ones typically used for RFA (17G) and
MWA (15G), intrafetal laser coagulation is an attractive tech-
nique for treatment in the early second trimester. Potential risks
are that the needle may break off when the fiber is not fully ad-
vanced, and coagulation may occur inside the needle.

After the needle cannula is placed into the target fetal ab-
domen just beneath its cord insertion site under ultrasound
guidance, the laser fiber is then passed through the cannula,
and its tip is advanced forward by a few millimeters beyond
the tip of the cannula into the target lesion. Power of 40 W is
applied in short bursts until the tissues close to the fiber become
echogenic and the umbilical arterial flow stops. Each time the
laser is fired, an area of hyperechogenicity is spread
circumferentially from the fiber tip. The procedure is considered
successful once the complete cessation of blood flow is
achieved.”

Although intrafetal laser is very suitable in earlier gestation
because of the smaller caliber of the target vessels and the
smaller size of the instrument, it may not be ideal after 16 weeks
because of the bigger size of the vessels and the possibly incom-
plete coagulation.

MWA

MWaA is a relatively new intrafetal method with only two case se-
ries reported in the literature. Unlike RFA, MWA creates heat
without an electric circuit and has less thermal spread or heat
sink effect, especially in high-flow blood vessels.*'~** There-
fore, a more focused burn with higher energy can be applied
to the target tissue, thus allowing for higher tissue tempera-
tures and faster ablation time, which is more advantageous
over RFA in vessel coagulation.

A microwave generator emits an electromagnetic wave
through the exposed, noninsulated portion of an antenna.*?
The 15G (1.8 mm) antenna has an internal cooling system,
with either room-temperature fluid or carbon dioxide. The
emitted microwaves agitate water molecules, producing fric-
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tional heat, thus, inducing thermocoagulation and necrosis.
The heating zone is usually elthsmdal or teardrop-shaped
around the end of the antenna.

Similar to other intrafetal approaches, the antenna is passed
percutaneously, aiming at the intra-abdominal portion of the
umbilical vessels of the target fetus. Once the proper antenna
placement is confirmed, microwave energy is applied. The
amount of microwave energy is estimated based on the size
of the target zone. Generally, 100 to 140 W are adminis-
tered for three to four minutes to create an area of coagulation
of diameter between three and five cm.*>* A lower power of
50 W is recommended for fetuses at smaller gestation.***3
Color Doppler ultrasound is used to observe the effect of
MWA. As the heating zones are usually ellipsoidal or
teardrop-shaped around the end of the antenna, 1t is recom-
mended to enter the fetal abdomen from its side.**

High-intensity focused ultrasound
Noninvasive methods, such as high-intensity focused ultrasound,
are stlll in an experimental phase, with very limited data avall—
able

In recent years, RFA and ILT have been more frequently
used in the treatment of TRAP sequence because of their reli-
ability and safety. Although the neonatal survival rate is al-
most similar between RFA and ILT (85% ws. 82%,
P = 0.63), the incidence of preterm premature rupture of the
membranes at less than 32 Weeks is significantly higher with
RFA (2 ( 2% vs. 7%, P = 0.045).” In a multicenter study, Scheier
et al.** have reported that intrauterine mortality was higher in
pump twins who received RFA between 15 and 19 weeks
compared w1th RFA after 19 weeks (33.3% wvs. 10.7%).
Chaveeva et al.® have indicated that if the therapeutic interven-
tion was performed between 12 and 14 weeks, the risk of
death to the pump twin using intrafetal laser was lower than
at the third trimester of pregnancy. A real comparlson between
RFA and ILT has been almost impossible to perform.® In a re-
cently published cohort study, risk factors for cotwin fetal de-
mise after selective fetal reduction in monochorionic multiple
pregnancies using RFA performed at less than 16 weeks have
been discussed, with a loss rate of 30.8% (4/13) following
RFAY

Limitations, future research questions, and
technique development

TRAP is a rare complication. There are no good studies to
guide us on when to intervene and which technique to use. Ad-
ditionally, the high heterogeneity of the literatures makes the
comparisons between each study prone to bias. Better data that
document the best timing of the intervention and the impact of
TRAP and its treatment on the long-term neurodevelopment of
the pump twin are needed.

As robotic technology rapidly improves with newer platforms,
smaller instruments, enhanced simulation, and telesurgery
capabilities, robotic fetal surgery will be propelled into the
next era.

Conclusions

Management of TRAP sequence faces unsolved challenges,
as the choice of proper technique and the optimal timing for
intervention remain to be elucidated. Furthermore, the optimal
timing of treatment remains controversial if intervention therapy
is required, although the latest literature encourages performing
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an intervention in early pregnancy. For the interruption of the
vascular communication between acardiac twins, laser
coagulation, or RFA of the intrafetal vessels is usually
preferred.
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