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A 74-year-old woman presented with progressive dyspnea. Computed tomography revealed
a large systemic artery-to-pulmonary artery vascular malformation (VM) on the right chest
wall. Embolization of the VM was performed. First, the main drainers of the VM were ret-

rogradely selected from the segmental pulmonary arteries and embolized using microcoils.
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Second, 2 main feeders of the VM were selected and embolized with N-butyl cyanoacrylate.
Thus, marked flow reduction in the VM was achieved, and the patient’s symptom improved
dramatically. We believe that embolization of both feeders and drainers is an effective tech-
nique for treatment of a chest wall systemic artery-to-pulmonary artery VM.

Chest wall © 2022 The Authors. Published by Elsevier Inc. on behalf of University of Washington.

Embolization This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/)

- is the most common endovascular embolization technique
Introduction

Communication between the systemic artery and pulmonary
artery (PA) in the absence of chronic lung disease is rare, and
few reports have described this entity [1-4]. Although patients
are occasionally asymptomatic, various complications, such
as bacterial seeding, hemorrhage, PA hypertension, and con-
gestive heart failure can occur [2]. Surgical management and
endovascular embolization have been reported to be useful
treatments [2,3]. Embolization of the feeding systemic artery
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[1,2,5,6]. Here, we report a case of systemic artery-to-PA vascu-
lar malformation (VM) on the chest wall that was successfully
treated by embolization of both feeders and drainers.

Case report

A 74-year-old woman presented with progressive dyspnea.
The patient had a history of mitral valve stenosis and tri-
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Fig. 1 - Oblique axial maximum intensity projection computed tomography images of a systemic artery-to- pulmonary
artery (PA) vascular malformation (VM) of the right chest wall. Main drainers of the VM (star) are connected to the PA
segment 3 (A3, arrow in A), A4 and A5 (arrows in B), and A8 (arrow in C). Severe cardiomegaly is observed.

cuspid valve regurgitation, which were treated with mitral
valve replacement and tricuspid annuloplasty more than 25
years prior. She was diagnosed with pulmonary hypertension
and heart failure 3 years prior and was treated with diuret-
ics and home oxygen therapy. Aggravation of pulmonary
hypertension and heart failure was considered the cause
of the patient’s symptoms. Contrast-enhanced computed
tomography revealed a large VM between the systemic artery
and PA on the right chest wall. The VM had many feeders,
including the right internal thoracic artery (ITA), pectoral
branch of the right axillary artery, right lateral thoracic artery,
right dorsal thoracic artery, multiple right intercostal arteries,
right inferior phrenic artery, and right inferior epigastric
artery. Among these, the ITA and pectoral branch were the
main feeders. The main drainers of the VM were connected
to the segmental arteries of segments 3, 4, 5, and 8 (A3, A4, AS,
and A8, respectively) (Figs. 1A-C). We assumed that massive
blood flow to the right PA through the VM caused pulmonary
hypertension and heart failure, and embolization of the VM
was planned. N-butyl cyanoacrylate (NBCA) was considered
an embolic material suitable for feeder occlusion because
long and tortuous feeders made transarterial access to the
nidus difficult; however, rapid flow through the VM posed a
risk of non-target embolization. It was considered possible
to embolize the main drainers of the VM through PA. Thus,
we decided to perform retrograde embolization of the main
drainers through the PA to decrease VM flow, followed by
embolization of the main feeders using NBCA.

Embolization was performed under local anesthesia and
conscious sedation. A 5-Fr sheath was placed in the right
brachial artery, and a 5.2-F balloon catheter (Selecon MP, bal-
loon diameter 9 mm; Terumo, Tokyo, Japan) was advanced to
the right ITA. Angiography of the ITA showed the VM and a
drainer connected to A3 (Fig. 2A). An 8-Fr J-shaped sheath was

advanced from the right internal jugular vein to the main PA.
A 6-Fr balloon catheter (Selecon MP, balloon diameter 20 mm;
Terumo) was advanced to the right PA. Referring to the VM
shown on angiography of the right ITA, a 1.7-Fr microcatheter
was retrogradely advanced from the 6-Fr balloon catheter
placed in the right PA to the drainer through segment A3, and
the drainer was embolized using detachable microcoils under
flow control by inflating the 2 balloon catheters. Then, the 5-
Fr balloon catheter was advanced to the pectoral branch, and
angiography of the artery showed the VM and several drain-
ers connected to segments A4, AS, and A8 (Figs. 2B and C). Re-
ferring to the vascular anatomy shown by this angiography,
the drainers were retrogradely selected by the microcatheter
through the segmental PAs and embolized in the same man-
ner as the drainer connected to A3. Subsequently, angiography
of the ITA and pectoral branch demonstrated marked flow re-
duction of the VM. The embolization from the 2 main feeders
was performed using NBCA mixed with iodized oil (Fig. 3A).
The ratios of NBCA to iodized oil were 1:2 and 1:3 for the ITA
and pectoral branch, respectively, with 2 mL and 1.5 mL of the
mixture used for each, respectively. After embolization, an-
giography of the right subclavian artery showed marked flow
reduction in the VM (Fig. 3B). The embolization procedure is il-
lustrated in Figure 3C. No complications were observed. After
3 months of follow-up, dyspnea on exertion improved dramat-
ically, and the flow rate of home oxygen therapy was reduced.

Discussion

In the present case, we performed retrograde embolization of
VM drainers via the PA followed by embolization of the sys-
temic feeders. Transvenous embolization has been reported
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Fig. 2 - Angiography of 2 main feeders of the systemic artery-to-pulmonary artery (PA) vascular malformation (VM) of the
right chest wall. (A) Angiography of the right internal thoracic artery (arrow) shows the VM (star) and a drainer (arrowhead)
connected to the PA segment 3 (A3). (B) Angiography of the pectoral branch (arrow) at the arterial phase shows the VM (star).
Coils (curved arrow) placed for embolization of the drainer connected to the A3 are observed. (C) Angiography of the pectoral
branch at the late arterial phase shows drainers (arrowheads) connected to the A4, AS, and A8. The right PA is retrogradely
opacified.

Fig. 3 - Radiograph and angiography after embolization of systemic artery-to-pulmonary artery (PA) vascular malformation
(VM) of the right chest wall. (A) Radiograph shows coils placed in drainers and N-butyl cyanoacrylate cast (arrows) injected
from the internal thoracic artery and the pectoral branch. (B) Angiography of the right subclavian artery shows decreased
enhancement of the VM. (C) Schematic drawing of the embolization procedure. Main drainers (stars) of VM were connected
to segmental PAs. These drainers were embolized to coils through the segmental PAs. Then, N-butyl cyanoacrylate mixed
with iodized oil was injected from the 2 main feeders: internal thoracic artery and pectoral branch.

ITA, internal thoracic artery; PA, pulmonary artery; PB, pectoral branch; SCA, subclavian artery; VM, vascular malformation.
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to be an effective treatment for arteriovenous malformations
(AVMs) with a dominant draining vein [7,8]. Occlusion of the
dominant draining vein reduces blood flow through the nidus,
causing thrombosis [8]. Although the present case had a VM
with multiple drainers, which was anatomically different from
an AVM with a dominant draining vein, we speculated that
embolization of multiple drainers was an effective method of
decreasing the blood flow of the VM and performed emboliza-
tion.

We performed embolization of the systemic feeders after
embolization of the drainers. Since the nidus of the VM was
far from the origin of the feeders and could not be accessed
with a microcatheter, we selected NBCA as an embolic agent
to achieve occlusion of the feeders as close as possible to the
nidus and, if possible, to embolize the nidus itself. NBCA has
been reported to be a useful agent for vessel occlusion in the
treatment of AVM [9,10]. One disadvantage of liquid embolic
agents is the risk of non-target embolization. We attempted
to lower this risk by performing embolization of the drainers
prior to injection of NBCA into the feeders. One previous report
described the same kind of technique in a case of systemic
artery-to-PA VM [4].

In conclusion, embolization of both feeders and drainers is
considered an effective technique for the treatment of chest
wall systemic artery-to-PA VM.

Ethical approval

All procedures performed in studies involving human partici-
pants were in accordance with the ethical standards of the in-
stitutional and/or national research committee and with the
1964 Helsinki declaration and its later amendments or com-
parable ethical standards. The Institutional Review Board ap-
proval was not required for the study because it was a case
report.

Informed consent

Informed consent was obtained from all individual partici-
pants included in the study.

Consent for publication

Consent for publication was obtained for every individual per-
son’s data included in the study.

Patient consent

Written consent for publication was obtained from the pa-
tient.
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