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Abstract : A 10 month-old female (intact) Maltese dog was presented due to continuous heart murmur. The dog was
diagnosed with patent ductus arteriosus (PDA) based on two-dimensional echocardiography, computed tomography (CT)
and angiography. Transarterial coil embolization was used for transcatheter occlusion of the PDA. A single coil was
placed successfully and effectively occluded the blood flow through the ductus. Continuous heart murmur disappeared
immediately the coil placement and no residual flow was detected. Complications and safety following the procedure
were evaluated regularly based on clinical signs, cardiac examinations and serum troponin-I concentrations. This is
the first clinical application of coil embolization for transcatheter closure of PDA in a dog in Korea.
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Introduction

Patent ductus arteriosus (PDA) is the most commonly cor-
rected congenital cardiovascular defect in dogs (1,7). Accord-
ing to a report described earlier (1), it occurs frequently in small
breed dogs and there is higher prevalence in females. Although
the traditional treatment is surgical ligation via thoracotomy,
minimally invasive transcatheter PDA occlusion therapy has
been gaining popularity (3). Transarterial coil embolization is
the most commonly employed transcatheter PDA occlusion
methods, and is usually employed for closure of small PDA (2).
Other occluding devices, including the Amplatzer® ductal
occlude and Amplatzer® vascular plug, have been evaluated,
and the Amplatz® Canine Duct Occluder has been developed
especially for dogs (4,6,9).

Here, we report the first application of transarterial coil
embolization for closure of PDA in a dog in our country.

Case

A 10-month-old, 1.7kg, intact female Maltese dog was
referred due to abnormal heart sound which was noted by the
referring veterinarian. No clinical signs of heart failure were
observed and vital signs were within normal limits. A grade V/
VI heart murmur was ausculted at the left heart base and dem-
onstrated to be a continuous murmur by phonocardiography.
Evaluation of the clectrocardiogram showed a sinus rhythm
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with a prolonged P wave and tall QRS amplitude. Increased
pulmonary circulation was presented in thoracic radiographs
(Fig 1A and C), and two-dimensional echocardiography
revealed left atrial and ventricular dilation. Color Doppler
echocardiography revealed continuous turbulent flow in the
main pulmonary artery. Based on the physical and clinical
examination, the dog was diagnosed with PDA. The PDA size
and morphology were demonstrated through multi-detector
computed tomography (MDCT; Asteion 4®, Toshiba, Japan)
with contrast (Fig 2A-C). A volume rendering 3D recon-
structed image was obtained for more information. PDA was
clearly demonstrated between the descending aorta and pulmo-
nary artery (Fig 2D). The adjacent structural anatomic position
(heart and great vessels) were also displayed well. Therefore,
interventional treatment using a transarterial coil embolization
was attempted. Initial treatments with furosemide (I mg/kg,
twice daily PO; Handok, Seoul, Korea), and angiotensin con-
verting enzyme inhibitor, ramipril (0.125 mg/kg, once daily,
PO; Sandoz Korea, Seoul, Korea) were made for one week
before interventional treatment to stabilize the dog.

The dog was premedicated with subcutaneous 0.04 mg/kg
atropine (Atropine sulfate; Jeil Pharm, Seoul, Korea), 0.1 mg/kg
butorphanol (Butophan; Myung Moon Pharm, Seoul, Korea)
and 0.03 mg/kg acepromazine (Sedaject; Samumedian Co., Ltd,
Seoul, Korea). Anesthesia was induced with intravenous 4 mg/
kg propofol (Anepol; Ha Na Pharm Co., Ltd., Seoul, Korea) fol-
lowed by endotracheal intubation with a cuffed endotracheal
tube and maintained with 2.5% isoflurane (Forane Soln; Choong
Wae Pharm, Seoul, Korea) in oxygen. In right lateral recum-
bency, the femoral artery was obtained by surgical cutdown.
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Fig 1. Thoracic radiography obtained before and after the PDA occlusion, Right lateral and dorsoventral radiograph demonstrating car-
diomegaly and pulmonary overcirculation secondary to PDA (A, C). After the PDA occlusion, the coil (arrow) is positioned in the
ductus and reduction of cardiomegaly and pulmonary overcirculation were noted (B, D).

Fig 2. Contrast-enhanced CT and 3D reconstructed CT obtained in a 10-month-old PDA dog. (A-C) A shunting vascular (asterisk)
was observed between the descending aorta and pulmonary artery in the trans section (A), sagittal section (B), and axial section (C).
A clearly demonstrated shunt (arrow) was detected between the descending aorta and pulmonary artery (D).
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Fig 3. Fluoroscopic image of a right lateral angiogram of a 10-month-old dog. {A) Descending aortography revealed PDA between the
descending aorta and pulmonary artery (white arrow). (B) Angiogram following vascular occlusion device placement, showing complete

ductal occlusion,

Table 1. Serum cardiac troponin [ value before and after the PDA occlusion

Parameter Day 0* Day 1

Day 2

Day 10 Day 30 Reference Range

Cardiac troponin | 0.011 0.45

0.1 <001 0.0-0.07 (ng/mL)

*Day 0 means before the transcatheter occlusion of PDA

Insertion of a 4 Fr vascular introducer (Check-Flo Performer®
Introducer Sets, Cook, Bloomington, IN, USA) followed by an
angiographic catheter (Boston Scientific Corporation, MA, USA)
into the descending aorta using fluoroscopic guidance was con-
ducted. An angiogram was obtained by vigorous hand injection
of non-inonic contrast medium (Omnipaque; GE Healthcare,
Milwaukee, WI, USA, 1-1.2 mL/Kg). Angiographically, the
type Il ductal morphology (8) was clearly demonstrated bet-
ween the descending aorta and pulmonary artery with distal
narrowing in the ductal diameter i this dog (Fig 3A). PDA was
found to have a 3 mm minimal ductal diameter, 6 mm distal
ampullar, and 6.8 mm ductal length.

The dog was treated with transarterial coil embolization. Based
on the measured minimum diameter of PDA, a 6.5 mm coil was
selected (Flipper® Detachable Embolization Coils, Cook, Bloom-
ington, IN, USA). A controlled release coil system was placed
into the descending aorta and the coil was loaded into the ductus
via the delivery catheter. The coil was released 5-10 minutes
after a satisfactory position was achieved. After complete coil
placement, the cardiac murmur abruptly disappeared. Angiogra-
phy following the coil embolization revealed no residual flow
(Fig 3B). The dog recovered from the anesthesia without compli-
cations and cefazolin (30 mg/kg, IV, Chong Kun Dang Pharm,
Seoul, Korea) and butorphanol (0.1 mg/kg, IM, Myung Moon
Pharm, Seoul, Korea) were administered. Adequate occlude
position was confirmed through thoracic radiography (Fig 1B
and D) and the dog was discharged the following day. Oral anti-
biotics (cephalexin 30 mg/kg, PO, q 12h, Dong Wha Pharm,

Seoul, Korea) were administered for three more days and the dog
was re-examined regularly. The serum cardiac troponin-i (¢Tnl)
was elevated immediately afier the catheterization, it was then
decreased and no further change was detected. (Table 1).

Two weeks after coil placement, two-dimensional echocar-
diography was conducted. No turbulent flow in the main pul-
monary artery or residual shunting was detected. The dog was
generally healthy without significant clinical signs and no car-
diac abnormalities were detected during a two-month follow-up
period.

Discussion

According to reports described previously (1,7), standard
treatment for PDA has been surgical ligation via thoracotomy;
however, complications including hemorrhage, incomplete liga-
tion and recanalization can occur. Due to the invasiveness of
the surgery and such serious complications, transcartheter clo-
sure of PDA has been conducted more frequently over the past
10 years (3,4,6,9). Coil embolization of PDA is a commonly
used as an alternative method due to it is being less expensive
than other methods (3). For successful coil occlusion, the size
and morphology of the ductus and diameter of the patient’s
femoral artery is important. PDA coil embolization requires
placement of the sheath introducer into the femoral artery and
insertion of a large sheath is not adequate for small dogs.

In the present case, coil embolization was selected due to the
small ductal size (<4 mm). Despite the small patient size
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(1.7 kg), femoral artery access using a 4 Fr catheter was avail-
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