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Abstract Twin reversed arterial perfusion (TRAP)

sequence is a rare but severe condition that affects mono-

chorionic (MC) multifetal pregnancies. In twin pregnan-

cies, it is characterized by a normally developed twin and

another twin with missing heart function (acardiac twin or

TRAP twin). A variety of risks and complications may

affect the normal twin. Management of such pregnancies

can be either expectant or interventional. We report four

cases of TRAP sequence treated in our institutions and

supply an overview on currently existing literature. This

case series demonstrates the heterogeneity in manifesta-

tions and clinical course of patients affected by this con-

dition. Furthermore, it includes an acardius amorphous of

considerable size delivered at 35.6 weeks of gestation.
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Introduction

Twin reversed arterial perfusion (TRAP) sequence is a rare

but severe condition that affects monochorionic (MC)

multiple pregnancies. In twin pregnancies, it is character-

ized by a twin with an apparently normal development and

one with missing heart function (acardiac twin or TRAP

twin) [1, 2].

It has been estimated that 1 in 35,000 pregnancies (ap-

proximately 1% of MC pregnancies) is affected by TRAP

[1, 3]. However, recent studies suggest that the incidence

may be as high as 1 in 9,500–11,000 pregnancies (approx.

2.6% of MC pregnancies) [4]. This higher estimate is

attributed to increased detection rate and expanding use of

assisted reproductive technologies (ART) [3, 5]. Although

most cases in literature describe twin pregnancies there are

reports of TRAP sequence in triplet gestations [6, 7].

The acardiac twin is reversely perfused through an

arterioarterial anastomosis by the normal or ‘‘pump’’ twin.

Superior body parts of the TRAP twin often develop

rudimentarily due to an insufficient perfusion with deoxy-

genated blood [7]. The term ‘‘Acardius’’ refers to partial or

complete absence of the heart (2). There are four different

types of acardiac twins: acardius anceps (head only par-

tially developed), acardius acephalus (headless), acardius

acormus (head without body trunk), and acardius amor-

phous (shapeless mass) [8, 9].

The pump twin perfuses the acardiac twin and receives

further deoxygenated blood back from it [10, 11]. The

pump twin thus has a significantly higher cardiac workload.

Given that fact, the acardiac twin is also known as parasitic

twin [2, 8].

Potential complications for the pump twin include

aspects related to congestive heart failure e.g. hydramnios,

hydrops, preterm delivery, intrauterine or postnatal death

[1, 2, 4, 12]. Mortality rates for the pump twin are esti-

mated to be at least 50% if TRAP is left untreated [1, 3].

Management of TRAP pregnancies may be expectant or

interventional. Radiofrequency ablation (RFA) is the pre-

dominantly used intervention in this setting [3, 13]. In RFA

the base of the umbilical cord of the acardiac twin is
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thermocoagulated through deployment of tines in the sur-

rounding abdominal wall [13]. Alternative approaches

include fetoscopic laser surgery (FLS), ablation with

alcohol or microwaves, electrosurgical coagulation of the

cord and focused high-frequency ultrasound [3, 4, 14].

In this case series, we describe the clinical course and

management of four pregnancies affected by the TRAP

sequence in our institutions.

Cases

Case 1

A 39-year-old woman was admitted at 23.3 weeks gesta-

tion because of preterm labor. Respiratory distress syn-

drome (RDS) prophylaxis had already been initiated. The

patient’s medical history was significant for an enlarged

fibroid uterus and two recent first trimester miscarriages

following ART. After intracytoplasmic sperm injection

(ICSI) the patient conceived monochorionic diamniotic

(MCDA) twins that demonstrated distinct signs of TRAP

sequence on first trimester screening. The patient decided

for expectant management. At 21.0 weeks gestation the

pump twin was affected by severe fetal growth restriction

(FGR), with steady growth of the acardiac mass. There was

no referral to a perinatal center. When admitted to our

hospital at 23.3 weeks gestation, the patient presented with

strong and regular contractions as well as a cervical

shortening to 9 mm with funneling. Following patient

consent, intravenous tocolytics were administered accord-

ing to hospital protocols. Contractions subsided allowing

RDS prophylaxis to be completed. The estimated fetal

weight was slightly above the fifth percentile. Doppler

ultrasound showed borderline pathologic but stable find-

ings throughout hospitalization. At 24.7 weeks gestation

the patient experienced strong contractions again, consis-

tent with acute unstoppable preterm labor. A decision was

made to proceed with cesarean section. The male pump

twin was delivered with a birth weight of 510 g showing an

APGAR score of 3/8/7 and a pH of 7.38 with a base excess

(BE) of - 1.6. Despite immediate transfer to the neonatal

intensive care unit (NICU), neonatal demise occurred 50 h

later. The birth weight of the male acardiac twin was

1200 g [Fig. 1].

Case 2

A 30-year-old Gravida 2, Para 1 with spontaneously con-

ceived MCDA twins was diagnosed with TRAP sequence

at 13.6 weeks of gestation. The acardiac twin showed

definitive retrograde perfusion. It had a missing cranium as

well as the upper extremities, while the chest and lumbar

spine as well as the lower extremities were developed

completely. Intervention with FLS was discussed with the

patient. The pregnancy was monitored through weekly

ultrasound controls. Since spontaneous relative regression

of the acardiac mass was observed in the ongoing preg-

nancy, no intervention was performed, and the patient was

managed expectantly until the third trimester. The pump

twin was increasingly affected by FGR and oligohydram-

nios while the cerebroplacental ratio (CPR) was steadily

decreasing. At 35.0 weeks of gestation the patient under-

went an uneventful Oxytocin challenge test (OCT), and

labor was induced with intracervical prostaglandin gel. At

35.3 weeks gestation the patient had an uncomplicated

vaginal delivery. The birth weight was 2200 g, with

APGAR scores of 9/10/10 and a pH of 7.34. There were no

signs of congestive heart failure upon transfer to the NICU

for observation. The healthy child was returned to the

mother on post-delivery day one. The degenerated parasitic

twin showed a weight of 86 g.

Case 3

A 35-year-old multiparous woman was referred for her

fetal anatomy scan at 20.3 weeks gestation. Her referral

information mentioned a spontaneously conceived twin

pregnancy with missed abortion of one twin at around

7 weeks gestation. On ultrasound, a MC twin pregnancy

with a TRAP sequence was diagnosed. Development of the

pump twin was appropriate for gestational age while the

acardiac twin displayed signs of hydrops and was missing

all body parts except the abdomen and lower extremities.

The patient was referred to another tertiary referral center

(Department of Obstetrics and Fetal Medicine at the

University Hospital Hamburg-Eppendorf in Hamburg,

Germany) where she underwent FLS at 22.1 weeks of

gestation with no complications. Follow-up visits at

24.3 weeks gestation and thereafter revealed regression of

the parasitic twin. The pump twin developed oligohy-

dramnios during the course of the pregnancy. Following

close surveillance through weekly ultrasound and/or car-

diotocographic (CTG) controls including management of a

newly diagnosed gestational diabetes, a healthy girl was

delivered via cesarean section at 38.2 weeks gestation with

a birth weight of 2660 g, APGAR scores of 9/10/10 and a

pH of 7.34. The Acardius was delivered together with the

placenta [Figs. 2 and 3].

Case 4

A 24-year-old woman presented in first trimester with a

naturally conceived MCDA twin pregnancy with newly

diagnosed TRAP sequence. There were no signs of

cephalic or thoracic structures in the acardiac mass, and
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upper and lower extremities were missing. Size of the

TRAP twin was comparable to that of the pump twin.

Options of possible interventions were reviewed but the

couple decided to pursue expectant management. The

pregnancy was closely monitored at regular intervals.

Hemodynamic stability of the pump twin and steady

growth of the acardiac twin was observed [Fig. 4]. After

completion of RDS prophylaxis, the twins were delivered

via cesarean section at 35.6 weeks of gestation. Birth

weight of the pump twin was 2765 g with APGAR scores

Fig. 1 Acardius anceps from

case 1 delivered at 24.7 weeks

gestation with a birth weight of

1200 g. The head shows partial

development while body and

extremities are completely

developed

Fig. 2 Acardius acephalus from

case 3 together with the placenta

of the monochorionic (MC)

twin pregnancy which was

delivered at 38.2 weeks

gestation. The patient

underwent fetoscopic laser

surgery (FLS) at 22.1 weeks of

gestation and the acardiac twin

showed subsequent regression.

Remains of the anastomosis can

be seen on the picture

Fig. 3 Acardius acephalus from

case 3 without the placenta. The

acardiac twin is headless and

lacks thoracic organs with no

development of upper

extremities
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of 10/10/10 and a pH of 7.36. The skin color and body

temperature of the Acardius with a birth weight of 1340 g

was normal, but there was no visible movement [Figs. 5

and 6]. Following a normal neonatal evaluation, the healthy

twin was directly returned to the mother.

Discussion

Case discussion

Case 1 (acardius anceps) describes a patient with a high-

risk history and pregnancy who should be subjected to

close monitoring and care through an experienced obstet-

rical specialist in the first place. Despite diagnosis of TRAP

sequence in early pregnancy with subsequently developing

FGR of the pump twin at 21.0 weeks gestation, referral to a

perinatologist was not initiated until complications occur-

red. RDS prophylaxis was administered despite the poor

prognosis for this highly desired pregnancy. The patient

was subjected to a considerable amount of psychological

strain. This case unfortunately demonstrates an example of

poor management of a pregnancy affected by TRAP

sequence.

The patient described in case 2 (acardius acephalus) was

diagnosed with the correct condition around the time of

first trimester screening, with consequent and prompt

referral to a specialist, allowing adequate counseling and

informed decision-making regarding expectant versus

interventional management. In the context of retrograde

perfusion and discordant growth of the twins, the patient

chose to proceed with expectant management which

assumably might be the preferable option in this specific

situation. [3, 15] Close ultrasound monitoring revealed

development of FGR and oligohydramnios in later stages

of the pregnancy. Increasingly abnormal results from

Doppler ultrasound resulted in active obstetrical manage-

ment. The patient was subjected to an OCT in order to

examine the capacity of the pump twin to withstand con-

tractions after labor induction. It is important to mention

here, that an OCT is not part of the standard of care. Fol-

lowing labor induction, vaginal delivery of a healthy child

was achieved. Obstetrical management in this case may be

regarded as adequate.

The patient in case 3 (acardius acephalus) was initially

misdiagnosed with missed abortion of the TRAP twin,

likely due to a lack of awareness of TRAP sequence and

appropriate ultrasound monitoring in the setting of MC

twin pregnancies. Diagnosis and referral unfortunately

occurred later in pregnancy, resulting in late intervention

via FLS. The risk of complications from FLS increases

with gestational age related to the increasing size of the

Acardius. [3, 4, 15, 16] In this case, despite the poor

prognosis through suboptimal management, the patient had

a successful live birth following regular normal CTG and

ultrasound (Doppler) monitoring.

The patient described in case 4 (acardius amorphous)

was diagnosed and referred in early pregnancy. The couple

was counseled regarding early intervention due to

Fig. 4 Ultrasound pictures of the acardius amorphous from case 4 at

23.2 weeks gestation (a), 31.2 weeks gestation (b) and 35.2 weeks

gestation (c). The arcadiac twin shows steady growth as well as

oligohydramnios. There are sonographic signs of bone and muscle

tissue
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comparable growth of the acardiac and pump twin, and the

associated known poor prognosis. [16] Despite the fact that

the couple declined intervention, a positive outcome was

observed, with live birth of the pump twin via cesarean

section at 35.6 weeks following RDS prophylaxis. The

couple declined autopsy and karyotypic analysis of the

acardiac twin. In this case series, only the Arcadius of case

1 received an autopsy.

Fig. 5 Acardius amorphous

from case 4 delivered via

cesarean section at 35.6 weeks

of gestation inside and outside

the amniotic sac. The acardiac

twin is a rather shapeless mass

with rudimentarily developed

foot. Parts of the small intestine

can be seen on the picture

Fig. 6 Acardius amorphous

from case 4 after the cesarean

section showing a birth weight

of 1340 g and a size of

approximately 21 cm
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General discussion

This case series illustrates the diverse variability of the

clinical manifestations in patients with MC multiple

pregnancies affected by the TRAP sequence. [8] It also

illustrates the variety of different TRAP phenotypes

encountered, making them even harder to recognize in the

context of an already rare condition. It emphasizes the

difficulty in early diagnosis due to a lack of awareness of

the TRAP sequence among obstetricians and gynecolo-

gists, and lack of ultrasound monitoring in the setting of a

MC twin pregnancy, emphasizing the need for close

monitoring and early specialist referral. The phenotypic

variability also complicates management and prognosis of

TRAP pregnancies. Although expectant management is an

option, it is currently understood that all patients affected

by this condition should be offered fetal intervention and

that early intervention in the first trimester appears to have

better results than later intervention. [16, 17].

Based on our experience, the following recommenda-

tions may improve detection and management of preg-

nancies affected by the TRAP sequence: First, increased

awareness of the existence and rising incidence of this

entity among general obstetricians and gynecologists.

Second, recognition of MC multiple pregnancies as high

risk with early referral to a perinatal specialist. Third,

consistent management of TRAP pregnancies according to

established unified classification systems with the option of

fetal intervention in early pregnancy. [3, 15, 16] Fourth,

further research to establish reliable parameters that sup-

port decision making in pregnancies affected by TRAP

sequence such as the TRAPIST trial where results are

awaited. [17, 18].

Conclusion

MC multiple pregnancies affected by the TRAP sequence

represent a diverse entity with a low but rising incidence.

This case series demonstrates the heterogeneity in mani-

festations and clinical course of patients affected by this

condition. Early detection is crucial to enable optimal

management of these pregnancies. Early referral to a spe-

cialist at a perinatal center is essential in order to provide

adequate counseling and care for patients with this critical

diagnosis. Obstetric recommendations and decisions should

be individualized based on the specific clinical circum-

stances, but ideally based on a unified classification system

for decision-making. Further research is needed to con-

tinuously improve reliable parameters to support decision

making in pregnancies affected by the TRAP sequence.
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