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Doppler Waveform Analysis of Intertwin Venous Blood Flow
in Twin Reversed Arterial Perfusion (TRAP) Sequence with
a Rudimentary Heart
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Abstract

Twin reversed arterial perfusion (TRAP) sequence is a rare anomaly in 1% of monochorionic twin pregnancies. Few TRAP sequence cases
have a rudimentary heart with cardiac motion in the acardiac twins. Herein, we investigated the venous Doppler waveform in two cases of
TRAP sequence with a rudimentary heart with cardiac motion in the acardiac twin. Although both cases had veno-venous anastomoses, the
venous Doppler waveforms of the umbilical vein differed. A comparison of the characteristics of the cases indicated that the existence of a
ductus venosus, or greater heart pulse power, in the acardiac twin might impact the venous Doppler waveform in the pump twin.
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Twin reversed arterial perfusion (TRAP) sequence is a rare
anomaly in 1% of monochorionic twin pregnancies. A few
TRAP sequence cases have a rudimentary heart with cardiac
motion in the acardiac twin. Intertwin hemodynamics in TRAP
sequence have been investigated using the arterial Doppler wave-
form, but not the venous Doppler waveform. We investigated the
venous Doppler waveform in two cases of TRAP sequence in which
the acardiac twin had a rudimentary heart with cardiac motion.

Case 1

A 32-year-old woman, gravida 3, para 1, was pregnant by natural
conception. At 12 weeks of gestation, she was diagnosed TRAP
sequence. The acardiac twin had a rudimentary heart with cardiac
motion.

Blood from the pump twin flowed to the umbilical artery (UA)
of the acardiac twin in the reverse direction. This reversed umbili-
cal blood flowed to the heart tube via the descending aorta of the
acardiac twin. Blood from the rudimentary heart flowed to the
acardiac twin’s umbilical vein (UV) via the internal iliac vein,
and the reversed blood flowed to the pump twin via veno-venous
(VV) anastomoses.

The circulation is shown in Figure 1. The UA Doppler wave-
form of the pump twin was normal. In contrast, the Doppler
waveform of the descending aorta in the acardiac twin revealed
two opposite pulses: one with the same pattern as that of the
normal UA from the pump twin and the other in the opposite

direction, from the heart tube of the acardiac twin. The heart rate
was 149 bpm in the pump twin and 81 bpm in the acardiac twin.
The UV Doppler waveform in the acardiac twin was thus a fusion
of the standing wave from the pump twin and the heartbeat from
the acardiac twin. Furthermore, in the pump twin, the venous
pulsation affected the Doppler waveform of the UV, but not of
the ductus venosus (DV).

Heart failure occurred in the pump twin at 27þ2 weeks, so a
Cesarean section was performed. The body weights of the pump
twin and acardiac twin were 986 g and 608 g, respectively.
The acardiac twin did not have a DV on a radiographic contrast
study (Figure 2). After birth, we visually identified arterio-arterial
(AA) and VV anastomoses.

Case 2

A 33-year-old woman, gravida 3, para 1, was pregnant by in vitro
fertilization–embryo transfer. At 10 weeks gestation, she was diag-
nosed with TRAP sequence. The acardiac twin had a rudimentary
heart with cardiac motion.

Blood from the pump twin flowed to the UA of the acardiac
twin in the reverse direction. The reversed umbilical blood flowed
to the heart tube via the descending aorta of the acardiac twin.
Blood from the heart tube flowed to the UV via a DV in the
acardiac twin, and the reversed blood flowed to the pump twin
via VV anastomoses.

The circulation is shown in Figure 3. The UA Doppler
waveform of the pump twin was normal. In contrast, the
Doppler waveform of the UA and the descending aorta in the
acardiac twin revealed cyclic alternations in continuous heart
cycles, reflecting a fusion of the pulses of the pump twin and acar-
diac twin. The UV Doppler waveform in the acardiac twin was a

Author for correspondence: Hiroko Konno, Email: hkonno@sis.seirei.or.jp
Cite this article: Konno H and Murakoshi T. (2022) Doppler Waveform Analysis of

Intertwin Venous Blood Flow in Twin Reversed Arterial Perfusion (TRAP) Sequence
with a Rudimentary Heart. Twin Research and Human Genetics 25: 85–88, https://
doi.org/10.1017/thg.2022.16

© The Author(s), 2022. Published by Cambridge University Press on behalf of International Society for Twin Studies.

Twin Research and Human Genetics (2022), 25, 85–88

doi:10.1017/thg.2022.16

https://doi.org/10.1017/thg.2022.16 Published online by Cambridge University Press

https://orcid.org/0000-0001-6909-8294
mailto:hkonno@sis.seirei.or.jp
https://doi.org/10.1017/thg.2022.16
https://doi.org/10.1017/thg.2022.16
https://doi.org/10.1017/thg.2022.16
https://doi.org/10.1017/thg.2022.16


fusion of the standing wave from the pump twin and the heartbeat
from the acardiac twin. Furthermore, venous pulsation from the
heartbeat of the acardiac twin affected the UV and DV Doppler
waveforms in the pump twin (Figure 4).

Radiofrequency ablation (RFA) of the acardiac twin was
performed at 18þ0 weeks, and the DV and UV Doppler waveforms
of the pump twin improved to normal status (Figure 4). Premature
rupture of the membranes andmiscarriage occurred at 20þ6 weeks.
After birth, we visually identified AA and VV anastomoses
(Figure 5).

Discussion

TRAP sequence develops due to AA anastomoses between the
pump and acardiac twin (van Allen et al., 1983). Blood from the
pump twin flows through the UA of the acardiac twin in the reverse
direction. Reversed umbilical blood flow usually perfuses the lower
body via the internal iliac artery in the acardiac twin. Blood with
low oxygen content flows from the acardiac twin back to the pump
twin. The present study demonstrates that, in some cases, the
heart pulse of an acardiac twin with a rudimentary heart with
cardiac motion can affect the venous Doppler waveform of the
pump twin.

Intertwin hemodynamics have been investigated using the
arterial Doppler (Shih et al., 1999; Wataganara et al., 2020), but
not the venous Doppler waveform. Shih et al. (1999) previously
categorized the UA Doppler waveforms in TRAP sequences.
The author reported that flow patterns in acardiac twins were
determined by the existence of a primitive heart and the nature
of the vascular anastomoses between the twins.

The cyclic pattern reflecting two pressure waveforms in oppo-
site directions was originally described in the AA anastomoses of
monochorionic twins (Hecher et al., 1994; Joern et al., 1999). The
same pattern was observed in the UA of case 2 in the present study
(Figure 3). In addition, the heartbeat from the rudimentary heart
had a greater impact on the UV Doppler waveform in the acardiac
twin in case 2 than in case 1, indicating stronger cardiac output in
the acardiac twin in case 2.

Furthermore, the venous Doppler waveform pattern in case 2
showed a cyclic change in blood flow velocity similar to that of
AA anastomoses, and the heartbeat of the acardiac twin affected
the Doppler waveform of the DV in the pump twin (Figures 3
and 4 about here). This Doppler waveform indicated a cyclic
pattern, reflecting the fusion of the pump twin’s DV waveform and
the UV waveform from the heartbeat of the acardiac twin. This
pattern was demonstrated using computerized recordings (Figure 6).

Fig. 1. Case 1. The circulation in a case of TRAP without a DV in the acardiac twin. The reversed umbilical blood flow perfuses the lower body via the internal iliac artery of the
acardiac twin. The blood from the rudimentary heart flows to the umbilical vein of the acardiac twin via the internal iliac vein. The Doppler waveform of the UV from the acardiac
twin is a fusion of the standing wave from the pump twin and the heartbeat from the acardiac twin.
Note: TRAP, twin reversed arterial perfusion; UV, umbilical vein; DV, ductus venosus; IVC, inferior vena cava.

Fig. 2. Arterio-arterial and veno-venous anastomoses in case 1. The acardiac twin did not have a ductus venosus on radiographic contrast study.

86 Hiroko Konno and Takeshi Murakoshi

https://doi.org/10.1017/thg.2022.16 Published online by Cambridge University Press

https://doi.org/10.1017/thg.2022.16


Cardiac motion was observed in the acardiac twin in both cases;
however, the UA Doppler waveform in the acardiac twins differed.
In case 1, the UA Doppler waveform had two opposite pulses, one
reflecting the pump twin and the other reflecting the acardiac twin.
Although the UV Doppler waveform in the pump twin contained
the heartbeat of the acardiac twin, the DV waveform was not
affected in the pump twin in case 1.

The main difference between the acardiac twins in the two cases
is that case 2 had a DV and a stronger heart output. Thus, we
speculated that these differences affected the venous Doppler
waveform in the pump twin. Although the specific mechanisms
remain unknown, the existence of a DV, or greater heart pulse
power, in the acardiac twin might impact the venous Doppler
waveform in the pump twin. Future studies are needed to deter-
mine whether cyclic changes in the venous Doppler waveform
in the pump twins could affect their prognosis, including their
cardiac function, compared to that in pump twins without such
changes.

Fig. 4. The venous pulsation of the acardiac twin affected the Doppler waveform of the DV and UV in the pump twin before RFA. The heart rate was 147 bpm in the pump twin and
124 bpm in the acardiac twin before RFA. The DV Doppler waveform in the pump twin shows a cyclic pattern, and the UV Doppler waveform in the pump twin reflects the pulsation
in the acardiac twin before RFA. The venous Doppler waveform in the pump twin improved to normal after RFA.
Note: UV, umbilical vein; DV, ductus venosus; RFA, radiofrequency ablation.

Fig. 5. Arterio-arterial and veno-venous anastomoses in case 2.

Fig. 3. Case 2. The circulation in a case of TRAP sequence with a DV in the acardiac twin. The reversed umbilical blood flow perfuses the lower body via the internal iliac artery of
the acardiac twin. The blood from the rudimentary heart flows to the umbilical vein of the acardiac twin via a DV. The Doppler waveform of the UV from the acardiac twin is a fusion
of the standing wave from the pump twin and the heartbeat from the acardiac twin.
Note: TRAP, twin reversed arterial perfusion; UV, umbilical vein; DV, ductus venosus.
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Fig. 6. The DV Doppler waveform of the pump twin reflects a fusion of the ductus venosus wave from the pump twin and the umbilical vein wave from the heartbeat of the
acardiac twin. The cyclic pattern of the DV Doppler waveform in the pump twin is demonstrated using computerized recordings.
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