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a b s t r a c t
Pulmonary arteriovenous ﬁstulae (PAFs) occur congenitally or are acquired. A PAF can cause hypoxemia,
sudden death from rupture, abscess formation, and embolism. Treatment for PAF is transcatheter embolization or surgery. Transcatheter embolization is the ﬁrst choice of treatment; however, this treatment
is impossible to perform if a patient has had tricuspid or pulmonary valve replacement. In this paper, we
describe a case of PAFs complicated with tricuspid valve replacement with a ball valve (which had been
performed 40 years earlier) that was treated with transcatheter embolization.
<Learning objective: Although the ball valve was discontinued more than 40 years ago, it is still the only
mechanical valve that allows catheter passage. We report a case of successful treatment of pulmonary
arteriovenous ﬁstula by passing a catheter through a ball valve.>
© 2021 Japanese College of Cardiology. Published by Elsevier Ltd. All rights reserved.

Introduction

Case report

The Starr–Edwards (S-E) ball valve was developed in the 1960s
[1] and was most actively implanted in Japan in the mid-1970s.
In Japan, at least 1811 valves were implanted by 1976 [2]. It was
thereafter replaced by the tilting-disc valve. Currently the S-E ball
valve is not used in Japan, therefore we have rarely seen patients
with the S-E ball valve. However, S-E ball valve is still the only
mechanical valve that a catheter can pass through.
Pulmonary arteriovenous ﬁstulae (PAFs) is a disease for which
transcatheter treatment has recently become the ﬁrst choice, and
can cause hypoxemia, sudden death due to rupture, abscess formation, and embolism. However, transcatheter embolization for PAFs
through mechanical tricuspid or pulmonary valve is generally impossible. We experienced a case of transcatheter treatment for giant PAFs in a patient who had undergone tricuspid S-E ball valve
replacement more than 40 years earlier.

The patient was a 67-year-old woman. At 24 years old, she underwent tumor resection and tricuspid valve replacement with an
S-E ball valve (model 2320) because of severe tricuspid regurgitation complicated with right atrial myxoma adhering to the tricuspid valve. Bilateral thoracic drains were inserted for several days
after the surgery. She had never been hospitalized since discharge.
She experienced breathing diﬃculty and was transported to our
hospital at 67-years-old. Her oxygen (O2 ) saturation was 80% (O2 at
10 L/min) and her body temperature was 39.3°C. Chest auscultation
revealed coarse crackles in a wide range of the bilateral lungs and
continuous vascular noise at the inferior left lung ﬁeld. Clubbed
ﬁngers were noted. She had no signs of hereditary hemorrhagic
telangiectasia (HHT) such as vasodilator lesions on the skin or mucous membranes.
Chest X-ray imaging revealed abnormal vascular shadows in
the lower left lung ﬁeld (Fig. 1A). Her fever improved with antibiotics administration, although her arterial blood gas levels did
not improve: the partial pressure of carbon dioxide (CO2 ) and O2
was 30.0 mmHg and 68.4 mmHg (room air), respectively. Threedimensional computed tomography (3D-CT) revealed large PAFs in
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The chest X-ray image on admission (A). The yellow circle shows abnormal vascular shadows in the lower left lung ﬁeld. The red arrow shows the Starr–Edwards
ball valve. The computed tomography (CT) ﬁndings. The contrast CT image (B). The three-dimensional CT image (C). Large pulmonary arteriovenous ﬁstulae (PAFs)
are in the inferior lobe of the left lung ﬁeld (yellow and black circles). The diameter of the PAFs inﬂow artery and the aneurysmal formation is approximately 10
mm and 20 mm, respectively.

the inferior lobe of left lung with an inﬂow artery diameter of
10 mm and an aneurysmal formation diameter of 20 mm (Fig. 1B
and C). Technetium-99m (99m Tc)-macro-aggregated albumin (MAA)
pulmonary perfusion scintigraphy showed a ﬁlling defect in the inferior lobe of the left lung, a right-left shunt rate of 26.3% with the
whole body scan method, and extrapulmonary organs such as the
brain, intestinal tract, and kidneys (Fig. 2A). Based on these ﬁndings, her PAFs were serious and had the risks of abscess, rupture,
and embolism.
Transthoracic echocardiography indicated a mild level of tricuspid regurgitation, normal ejection fraction (71%, based on the Mmode), and no ﬁndings of pulmonary hypertension. Fluoroscopic
examination revealed full mobility of her artiﬁcial tricuspid ball
valve (Fig. 3A and B). Therefore, transcatheter coil embolization
through the artiﬁcial tricuspid ball valve was considered to be able
to treat the PAFs.
First, via right femoral vein, we conﬁrmed that a 4-Fr JR4.0
catheter easily passed through the ball valve. A 6-Fr JR4.0 guiding catheter was then inserted into the left main trunk of the
pulmonary artery (PA) with the 0.035-inch Radifocus guidewire
(Terumo Medical Corporation, Tokyo, Japan) (Fig. 3C). In advance,
we inserted a pressure line into the left femoral artery to monitor hemodynamics. Even after passing the guiding catheter through
the ball valve, the ball continued to move and vital signs such as
O2 saturation and blood pressure did not change. Left pulmonary
arteriography of the guiding catheter placed at the main trunk of
the left PA clearly revealed large PAFs in the left A8 and A6 areas. Three PAFs were at the A8 trunk (i.e. periphery of the caudal
branch, diameter 13 mm; lateral branch, diameter 15 mm; and cranial branch, diameter 22 mm) and one PAF was at the periphery of
the A6 branch, diameter 13 mm (Fig. 3D and E).
A 4-Fr vertebral catheter in a 6-Fr JR4.0 guiding catheter
crossed A8 for coiling embolization. We ﬁrst embolized the caudal branch of A8 with metal coils using a 2.2-Fr microcatheter and
a 0.014-inch microguidewire (Chikai; Asahi Intec Co., Ltd, Aichi,
Japan) (Fig. 3F). We then embolized the lateral branch of A8 with
metal coils (Fig. 3G). Furthermore, after cannulating the cranial
branch of A8, we attempted to embolize the dilated blood vessel with metal coils. Even after many metal coils were piled up,
the blood ﬂow of A8 remained because the sac and inﬂow artery
just before the PAFs of the A8 cranial branch was large (Fig. 3H).
For this reason, we had to embolize the A8 trunk with metal

coils (Fig. 3I). Finally, we selected the periphery of the A6 branch
and piled metal coils from the periphery to the proximal branch
(Fig. 3J). Blockage of the blood ﬂow of the PAFs was ultimately
conﬁrmed with pulmonary arteriography. In total, 68 coils were
required to embolize the PAFs (35 Target detachable coils of 5
mm × 15 cm to 18 mm × 50 cm; Stryker, Kalamazoo, MI, USA);
3 Interlock detachable coils, 8 mm × 20 cm to 10 mm × 25 cm
(Boston Scientiﬁc, Boston, MA, USA); 9 Tornado coils, 7–8 mm
(Cook Medical, Bloomington, IN, USA); and 21 tornado microcoils,
3–8 mm. During the procedure, her O2 saturation gradually improved from 85% to 92% (O2 at 2 L/min).
After transcatheter embolization, 99m Tc-MAA pulmonary perfusion scintigraphy showed an improvement in the shunt rate from
26.3% to 12.4% and the depiction of her kidneys, intestinal tract,
and brain (Fig. 2B). The 6-minute walk distance also improved
from 210 m to 253 m. She was discharged with a reduction in
breathing diﬃculty.

Discussion
A PAF is a congenital or acquired shunt from an expanded inﬂowing PA to an outﬂowing pulmonary vein (PV). Most PAFs such
as HHT are congenital; however, the average age at diagnosis is
40 years old because PA-PV shunts often increase and become noticeable with aging due to postnatal PA pressure load [3]. On the
other hand, there is a report that the average age at diagnosis is
61.8 years for PAF without HHT [4]. She had no family history suggestive of HHT, and the age of diagnosis, then her PAFs were acquired. Perioperative thoracic drainage at 24-years-old may be the
cause of PAFs.
Symptoms of PAF include hypoxemia caused by right-left shunt
of PA blood without passing through pulmonary capillaries, embolism or abscess in the general circulation due to shunting of capillaries that act as a ﬁlter, and bleeding owing to the fragility of the
ﬁstula. However, most patients with PAFs are asymptomatic and
PAFs are often accidentally detected as abnormal shadows on chest
X-ray images obtained for other purposes or medical examinations.
Untreated PAF-related mortality has been reported as 0%–55% with
an average of 23% [5]. In particular, the risk of serious complications such as cerebral infarction is high when the inﬂowing PA exceeds 3 mm [6]. The therapeutic indications are symptoms present,
2
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The 99m Tc-MAA pulmonary blood ﬂow scintigraphy before (A) and after (B) catheter treatment. (A) The right-left shunt rate is 26.3%, based on the whole-body
scan method in MAA pulmonary perfusion scintigraphy before catheter treatment. Extrapulmonary organs such as the brain, intestinal tract, and kidneys are
visible. (B) The right-left shunt rate is 12.4% after catheter treatment. The extrapulmonary organs have low visibility in the image.
99m
Tc-MAA, 99m-technetium macro-aggregated albumin.

[8]. Therefore, it is necessary to carefully monitor the patient’s
symptoms and vital signs during the procedure by inserting an arterial pressure line and regularly speaking to the patient.
No reports exist regarding PAF catheter treatment for patients
after ball valve replacement. We could ﬁnd only one report in
which a ball valve had been passed by catheters: a pressure wire
was inserted into the left ventricle using a balloon catheter as the
parent catheter through an aortic replaced ball valve [9].
Her tricuspid valve was implanted with the S-E valve Model
2320. The cage that the ball contracts when the artiﬁcial valve
closes is glass-shaped. Even if the catheter is pinched between the
ball and the cage, it can be expected that the catheter will move
ﬂex along the curved surface of the glass-shaped cage. Therefore, it
is easy to operate the catheter, and it is presumed that the catheter
did not interfere with the vertical movement of the ball.

the size of the aneurysm exceeds 2 cm, and the inﬂow artery exceeds 3 mm or the ﬁstula tends to increase [6].
PAF treatment involves 2 methods: surgical resection and transcatheter treatment. In recent years, transcatheter treatment has
become the ﬁrst choice for PAF because of good treatment results, minimally invasive, less loss of lung function, and repeatable procedure [7]. In addition, since there was a history of open
heart surgery and a mechanical valve was included, there was concern about general anesthesia and the risk of thrombosis during
the perioperative period, so it was thought that catheter treatment would be better. We explained each of the two treatments,
and the patient and her family requested transcatheter treatment.
On the other hand, the problems with catheter treatment are pulmonary infarction due to coil dropout, and complications of common catheter treatments such as air embolism and arrhythmias
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The ﬂuoroscopic examination of the tricuspid Starr–Edwards ball valve. The images show (A) the systolic phase and (B) the diastolic phase. The mobility of
the Starr–Edwards ball valve is good. The catheter examination ﬁndings (C). A 6-Fr JR4.0 guiding catheter is inserted into the right atrium and a 0.035-inch
Radifocus guidewire (Terumo Medical Corporation, Tokyo, Japan) is easily crossed to the ball valve. The selective left pulmonary arteriography ﬁndings. (D) Three
pulmonary arteriovenous ﬁstulae (PAFs) are at the A8 trunk (i.e. periphery of caudal branch, lateral branch, and cranial branch). (E) One PAF is at the periphery
of A6 branch. (F) The transcatheter coil embolization ﬁndings. After embolizing the caudal periphery of A8. (G) After embolizing the outside of A8. (H) After
embolizing the main trunk of A8. (I) Before embolizing A6. (J) After embolizing A6.
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We described a case of PAFs successfully treated with transcatheter embolization through a tricuspid replaced S-E ball valve.
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