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Abstract  26 

Patent ductus arteriosus (PDA) with unusual morphology was diagnosed in a 3-year-old 27 

German Shepherd presented for exercise intolerance. Two interventional PDA closure 28 

procedures with various Amplatzer devices and one surgical ligation were attempted in 29 

order to close the PDA. However, PDA closure failed with both methods due to the 30 

unusual morphology and the severe enlarged ductus ampulla. Therefore, the patient 31 

underwent an aortic covered stent placement and successful closure of the PDA was 32 

achieved. Eight months after the procedure the dog was free of clinical signs and no 33 

residual flow was identified through the PDA on transthoracic echocardiography. 34 

Moreover, computed tomography angiography demonstrated correct stent positioning, with 35 

no evidence of thrombus formation, damage to the stent, nor any aortic wall abnormalities. 36 

Aortic covered stent placement is a viable option in dogs with unusual PDA morphology. 37 

 38 

Keywords: congenital cardiomyopathies, interventional procedure, transesophageal 39 

echocardiography.   40 

 41 

Abbreviation table: 42 

CS Covered stent 

CP Cheatham platinum 

CT Computed tomography 

PDA Patent ductus arteriosus 

 43 
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A 3-year-old, 30 kg, intact female German Shepherd was referred to the cardiology 42 

department at the Istituto Veterinario di Novara for closure evaluation of an unusual 43 

patent ductus arteriosus (PDA). The dog had a 6-month history of exercise 44 

intolerance. After an episode of cardiogenic pulmonary edema, the dog was started 45 

on furosemide (1.2 mg/kg q 12 hr PO), pimobendan (0.3 mg/kg q 12 hr PO), and 46 

benazepril (0.3 mg/kg q 24 hr PO) by the referring veterinarian. Once the pulmonary 47 

edema had resolved, three different attempts at PDA closure were performed prior to 48 

referral. Interventional PDA closure with an Amplatz canine duct occluder of 14mmf 49 

and an Amplatzer vascular plug II of 20mmg through the right femoral artery was 50 

initially attempted during the same procedure 6 months before referral but devices 51 

could not be released because of their instability within the PDA. Ten days later 52 

surgical ligation of the PDA had been attempted but aborted due to bleeding as soon 53 

as surgical dissection of the markedly dilated duct ampulla was initiated. Two months 54 

later an additional catheter intervention was performed with an Amplatzer duct 55 

occluder 16/14h, designed for human patients, through the right femoral vein (Video 56 

1) but again the device could not be released because of its instability within the PDA 57 

and a high risk of embolization. 58 

Three months later, the dog was referred to evaluate an alternative procedure to 59 

close the PDA. On presentation, the patient was bright and alert with a body 60 

condition score of 4/9. Rectal temperature was 38.5°C, mucous membranes were 61 

pink, and capillary refill time was less than 2 seconds. Respiratory rate was 28 62 

breaths/minute with normal pulmonary auscultatory findings. Femoral pulse was 63 

bilaterally hyperkinetic. Cardiac auscultation revealed a regular rhythm associated 64 

with a mean heart rate of 120 beats/minute and a continuous palpable heart murmur 65 

with maximal intensity over the left axilla. Non-invasive blood pressure was 66 
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measured with an oscillometric devicei and it resulted within normal limits (145/72 67 

mmHg). Complete blood count and serum biochemistry results were unremarkable. 68 

Thoracic radiography revealed cardiomegaly (vertebral heart score: 12.5, reference 69 

interval 8,5-10,6) and signs of pulmonary overcirculation (Fig. 1). Transthoracic 70 

echocardiographic examinationj showed moderate left atrial enlargement with a left 71 

atrium to aorta ratio of 1.7 (normal <1.6) [1] and severe left ventricular enlargement 72 

with a normalized diastolic left ventricular internal diameter dimension of 2.7 73 

(reference interval, 1.2-1.64) [2]. The PDA ostium diameter on the pulmonary artery 74 

side was 12 mm. A left to right shunt was detected by color Doppler and a 75 

transductal peak velocity of 5.9 m/sec was measured by continuous wave Doppler, 76 

corresponding to a transductal pressure gradient of 139 mmHg. A dilated coronary 77 

sinus was also identified, possibly suggesting the presence of persistent left cranial 78 

vena cava.  79 

Transesophageal echocardiographyk,l and ECG-gated computed tomography (CT)m 80 

angiography were scheduled to better study PDA anatomy and to exclude possible 81 

additional congenital defects. Both transesophageal echocardiography and CT 82 

confirmed the presence of a PDA with an unusual morphology (Fig. 2 and 3). The 83 

ductus opening on the pulmonary artery side and on the aortic side measured 12 mm 84 

and 6 mm, respectively. Furthermore, the ductus showed a severely dilated ampulla 85 

with a maximal diameter of 22 mm. Moreover, CT confirmed the persistence of the 86 

left cranial vena cava. No other associated congenital defects were observed. 87 

Due to the previously unsuccessful surgical and interventional procedures and the 88 

unusual PDA morphology, interventional aortic covered stent (CS) placement was 89 

considered. The size of the CS was decided based on the dimension of the 90 
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descending aorta assessed through CT. The dog was discharged and the 91 

interventional procedure was scheduled one month later.  92 

On the day of surgery, the dog was premedicated with methadone (0.2 mg/kg IV) and 93 

after pre-oxygenation, general anaesthesia was induced with fentanyl (3 mcg/kg), 94 

midazolam (2 mg/kg), and propofol (2 mg/kg) intravenously. After orotracheal 95 

intubation, anesthesia was maintained with isoflurane (0.9% end-tidal isoflurane) in a 96 

mixed oxygen/air gas flow, and continuous infusion of fentanyl (10 mcg/kg/hr IV) was 97 

administered to provide analgesia and reduce the total requirement of isoflurane. The 98 

patient was placed in right lateral recumbency with the left hindlimb abducted and 99 

extended to expose the left femoral artery. An intravenous bolus of cefazolin (25 100 

mg/kg) was administered. The left carotid artery and the left femoral artery were 101 

exposed via surgical cut down. A 5 Fr introducern was placed in the left carotid artery 102 

and used to pass a 5 Fr Pigtail angiographic cathetero to perform selective 103 

aortography (Video 2) to evaluate the dimension of the descending aorta (17 mm), 104 

the proper localization of the PDA, brachycephalic trunk, left subclavian artery, and 105 

first intervertebral artery for adequate stent placement. The anastomotic point of the 106 

left subclavian artery at the level of the aortic arch was marked to subsequently 107 

evaluate the correct placement of the CS. An 8 Fr introducerp was initially placed in 108 

the left femoral artery using a modified Seldinger technique and subsequently 109 

exchanged for a 14 Fr introducerq over a 0.035" guidewire. A bolus of unfractionated 110 

heparin (75 UI/kg IV) was administered after both arterial introducers were placed. 111 

An ultrastiff guidewirer was used to advance a 4.5 cm long covered mounted 112 

Cheatham platinum (CP) stent pre-crimped onto an inner balloon of 8 mm and an 113 

outer balloon of 16 mm X 4.5 cms (Fig. 4A and 4B). Both the inner and the outer 114 

balloon were inflated and the 16 mm X 4.5 cm delivery balloon was then replaced 115 

Jo
urn

al 
Pre-

pro
of



 6

with an 18 mm X 4 cm balloont, which was subsequently inflated to make the CS 116 

completely adhere to the aortic wall (Fig. 4C). A second angiogram was then 117 

performed that still showed significant flow through the PDA. Therefore, another CP 118 

stent 4.5 cm long, pre-crimped onto an inner balloon of 9 mm and an outer balloon of 119 

18 mm X 4.5 cmu, was advanced through the introducer and placed partially over the 120 

first stent to cover the PDA aortic ostium (Fig. 4D). The balloon was then inflated to 121 

partially expand the stent and subsequently replaced with a 20 mm diameter balloonv 122 

to completely expand both stents and make them adhere properly to the aortic wall 123 

(Fig. 4E). Aortography showed proper positioning of both stents at the level of the 124 

PDA with minimal residual flow through the ductus (Fig. 4F, Video 3). The introducers 125 

were removed and both vessels were ligated without complications. Twelve hours 126 

after the intervention, antithrombotic therapy with clopidogrel was started with a 127 

loading dose of 10 mg/kg q 24 hr PO on the first day, followed by 2 mg/kg q 24 hr PO 128 

for 8 months combined with aspirin at 5 mg/kg q 24 hr PO for 3 months and antibiotic 129 

therapy was continued with cefazolin (30 mg/kg q 12 hr PO) for 10 days. Thoracic 130 

radiography performed 24 hr after the intervention showed correct stent positioning, 131 

reduction of the cardiac silhouette (vertebral heart score: 11), and absence of signs 132 

of pulmonary overcirculation (Fig. 5). Transthoracic echocardiography performed 2 133 

weeks after CS placement revealed a reduction of the dimension of the left ventricle 134 

in diastole (normalized diastolic left ventricular internal diameter dimension of 2.1) 135 

and a normal left atrium dimension (left atrium to aorta ratio of 1.4) with minimal 136 

presence of residual flow through the ductus (Fig. 6, Video 4) that was not anymore 137 

detectable 3 months later. Eight months after the procedure, the dog was completely 138 

asymptomatic and a repeated CT angiographic examination documented persistent 139 

correct stent location in situ with no evidence of thrombus formation, damage to the 140 
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stent, nor any aortic wall abnormalities (supplemental figure I, figure available in 141 

Supplemental Material on-line). Eleven months after the procedure the dog was still 142 

free of clinical signs, with stable cardiovascular condition.  143 

Discussion 144 

Ductus arteriosus is a vessel that allows blood to shunt from the pulmonary artery to 145 

the aorta during fetal life and should close shortly after birth. The abnormal 146 

distribution of ductal muscle fibers and their replacement with elastic fibers 147 

determines the lack of closure and persistence of shunting between the descending 148 

aorta and pulmonary artery [3].  The distribution and extension of the elastic fibers 149 

determine different PDA morphologies [3,4] and assessment of morphology and size 150 

is particularly important when choosing the best closing device and technique 151 

(surgical or interventional).  152 

The PDA can have three different morphologies based on the Miller’s angiographic 153 

morphologic classification [5]. In type I, the duct’s diameter progressively decreases 154 

from the aorta to its junction at the main pulmonary artery. Type IIA PDA have 155 

parallel walls until there is a sudden reduction of duct diameter of more than 50% at 156 

the level of insertion of the main pulmonary artery. Type IIB PDA is characterized by 157 

a conical ductal shape with the presence of abrupt distal narrowing by more than 158 

50%. In the type III, the duct’s walls remain constantly parallel from the aorta up to 159 

insertion of the main pulmonary artery, without substantial attenuation of ductal 160 

diameter (<20%), giving the PDA a tubular aspect. However, like in our case, atypical 161 

PDA morphologies can occur as recently described based on two- and three-162 

dimensional transesophageal echocardiography [4]. 163 

The recommended treatment for PDA is closure via interventional procedure or 164 
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surgical ligation. Patent ductus arteriosus morphology and size together with patient 165 

size and operator experience are the major determinants in the decision-making 166 

process to close the PDA via interventional procedure or surgical ligation. The most 167 

effective and most frequently used device for interventional PDA closure is the 168 

Amplatz canine duct occluder [6-10]. Surgical ligation of the ductus is more invasive 169 

but may be preferred in smaller dogs and those with tubular or unusual PDA 170 

morphology. Both interventional and surgical procedures are associated with a low 171 

risk of mortality and a high rate of success [11]. In the present case, catheter closure 172 

with different devices had been attempted twice and surgical ligation once, but all 173 

these procedures were unsuccessful and had to be aborted. Therefore, an alternative 174 

interventional procedure was eventually performed.   175 

The CP stents are made of heat tempered 90% platinum and 10% iridium, with metal 176 

wire laser welded in a zig pattern. The stent is fitted with an ultrathin, stretchable 177 

covering of expanded polytetrafluoroethylene. Covered stent placement is an 178 

interventional procedure currently used in human medicine for simultaneous 179 

management of coarctation of the aorta and PDA, for coarctation of aorta alone, 180 

treatment of aortic pseudoaneurism or aneurism, right ventricular percutaneous 181 

stenting prior to percutaneous valve implantation, and in some cases of pulmonary 182 

artery stenosis or caval vein obstruction [12-14].  Different types of CS to treat aortic 183 

coarctation have been used and include Jostent grafts, CP stents, and AneuRx 184 

[15,16]. The CP stent is especially designed for the treatment of vascular 185 

obstructions associated with congenital heart diseases and can be dilated to large 186 

diameters of 20 mm or beyond [17]. In contrast to the majority of balloon expandable 187 

stents, the CP stent is manufactured from wire of a platinum-iridium alloy and this 188 

characteristic allows it to be able to expand to increasing diameters even in 189 
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subsequent sessions. For this reason, our choice was to use a CP stent in order to 190 

achieve a complete adhesion of the stent to the aortic wall and closure of the PDA.  191 

The expansion of the stent is performed by inflating dedicated balloons (balloon in 192 

balloon catheter) on which the stent is pre-assembled. In human medicine, covered 193 

stent placement has been demonstrated to be a safe and effective method with fewer 194 

hemorrhagic complications and aneurismal formation compared to bare stents [14]. A 195 

covered stent, in contrast to a bare stent, allows closure of lateral vessels. This 196 

feature is an advantage when vessel communications need to be closed, as with our 197 

PDA. The major technical disadvantage using a covered stent is the need for a larger 198 

sheath and introducer. This might be a limitation in pediatric patients, small dogs, and 199 

cats [18]. Moreover, the cost of the procedure must be taken into account since it is 200 

approximately three times higher than the Amplatz canine duct occluder technique. 201 

In human medicine, CS complications include aortic dissection or rupture, stent 202 

fracture, hemorrhage, and thrombus formation. Aortic dissection or rupture is 203 

reported as a rare but major complication in human patients for treatment of aortic 204 

coarctation [18]. In these cases, the anatomy of the aorta may prevent complete 205 

adherence of the stent to the aortic wall, thereby creating turbulence and flow 206 

vortices between them that might be the cause of vessel dissection. In our case, the 207 

dog had normal aortic anatomy, and stent adherence to the aortic wall was optimized 208 

by ballooning the stent with increasingly large balloons till adherence appeared 209 

adequate; therefore, this eventuality is considered to be of low risk in our dog. 210 

Another reason for aortic rupture or dissection is shortening of the 211 

polytetrafluoroethylene covering the metallic stent; this results in uncovering of the 212 

stent’s margin which then can induce tears in the aortic wall. Fracture of the CS is 213 

another reported rare complication in human medicine. However, this was mainly 214 
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described in patients with aortic coarctation and in the early days of placing CS;  215 

production of more reinforced CS have limited this possibility since [19]. Placing a 216 

vascular stent might induce intravascular thrombosis [20]. To reduce the risk of 217 

thrombotic formation, heparin was administered during the procedure and 218 

antithrombotic therapy was started after the intervention. Dual antiplatelet therapy 219 

with aspirin and clopidogrel was used post-operatively. Dual antiplatelet therapy is 220 

commonly used in humans if there is a risk of thromboembolic events, especially if an 221 

arterial stent is used [21]. No consensus exists regarding the use of dual antiplatelet 222 

therapy in dogs. However, dual antiplatelet therapy was recently described in dogs 223 

that underwent stent angioplasty [22]. Based on human cardiovascular literature and 224 

the use of two stents in our patient, we decided to use the association of aspirin and 225 

clopidogrel. No signs of thrombosis nor signs of bleeding were detected in the follow-226 

up. 227 

The presence of a thrombus or damage to the stent that eventually might cause a 228 

severe complication like aortic dissection or tear cannot be accurately evaluated by 229 

transthoracic echocardiography. Therefore, CT angiography was repeated 8 months 230 

after the procedure which did not reveal any evidence of any potential complication 231 

associated with the stent.   232 

In veterinary medicine, endovascular bare stent placement has been reported to treat 233 

valvular pulmonic stenosis, distend large vessel compression by an external mass, 234 

and to treat cavoatrial junction obstruction [22-24]. These case descriptions show 235 

that endovascular bare stent placement is feasible in dogs, but its effectiveness 236 

depends on the location and underlying pathology. Endovascular CS placement has 237 

been successfully described in canine experimental models to treat arterial 238 

aneurisms and in a case report to treat a dysplastic pulmonary valve stenosis in a 239 
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dog [25,26].  240 

In our dog CS placement proved to be a viable option for closure of a PDA with 241 

unusual morphology and large dimension where a high risk of interventional device 242 

embolization or surgical rupture precluded a more common approach.  243 

 244 
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Footnotes 247 

f Amplatzer Canine Duct Occluder, 14 mm, Infiniti Medical, USA. 248 

g Amplatzer Vascular Plug II, 20 mm, St. Jude Medical, Switzerland. 249 

h Amplatzer Duct Occluder, 16/14, AGA medical corporation, Drabo, Germany. 250 

iPetMAP graphic II, Ramsey Medical and CardioCommand, Tampa, Florida 33607 251 

USA. 252 

j Vivid iq, GE Healthcare, 20126, Milano, Italy. 253 

kEsaote MyLab Vet30 Gold, Esaote S.p.a, Firenze, Italy.  254 

lTEE022, Esaote S.p.a, Firenze, Italy.  255 

m16-MDCT Lightspeed General Electric Medical System, Bergamo, Italy. 256 

n 5F, 11cm, Super SheathTM Introducer, Boston Scientific, Marlborough, MA 01752, 257 

USA. 258 
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o 5F, 110 cm, ImpulseTM Pigtail catheter, Boston Scientific, Marlborough, MA 01752, 259 

USA. 260 

p 8F, 11cm, Super SheathTM Introducer, Boston Scientific, Marlborough, MA 01752, 261 

USA. 262 

q 14F, 85 cm, D’VillTM Introducer, NuMed, Inc. Hopkinton, NY 12965, USA. 263 

r 0.035’’1.5 mm J-tipped, 260 cm, Amplatz Ultra Stiff Wire Guide, Cook Medical. 264 

Bloomington, IN 47402-0489, USA. 265 

s Covered CP Stent TM, 4,5 cm (length), BIB delivery catheter balloon diameter of 16 266 

mm, NuMed, Inc. Hopkinton, NY 12965, USA. 267 

t 18 mm X 4 cm Z-MED IITM, Percutaneous Transluminal Valvuloplasty Catheter, 268 

NuMed, Inc. Hopkinton, NY 12965, USA. 269 

u Covered CP Stent TM, 4,5 cm (length), BIB delivery catheter balloon diameter of 18 270 

mm, NuMed, Inc. Hopkinton, NY 12965, USA. 271 

v 20 mm X 5 cm Z-MED IITM, Percutaneous Transluminal Valvuloplasty Catheter, 272 

NuMed, Inc. Hopkinton, NY 12965, USA. 273 

 274 
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Figure legends 371 

Figure 1: Thoracic radiographic performed before aortic stent placement. Both lateral 372 

(A) and dorsoventral (B) radiographs showed cardiomegaly with signs of pulmonary 373 

overcirculation. 374 

Figure 2: Transesophageal echocardiography showing the PDA with unusual 375 

morphology in longitudinal (A) and in transverse (B) section. Color Doppler 376 

demonstrated turbulent flow from the PDA to the main pulmonary artery (C). Ao: 377 

aorta; PA: pulmonary artery; PDA: patent ductus arteriosus.  378 

Figure 3: ECG-gated computed tomography angiography of the heart. A) Sagittal 379 

multiplanar reconstruction of the heart showing persistent opening of the ductus 380 

arteriosus. B) Transverse multiplanar reconstruction at the level of the heart base 381 

showing severe and saccular bilateral dilatation of the ampulla of the persistent 382 

ductus arteriosus. AO: aorta; BT: brachycephalic trunk; LA: left atrium; LSA: left 383 

subclavian artery; LV: left ventricle; PA: pulmonary artery; PDA: patent ductus 384 

arteriosus; RV: right ventricle.  385 

Figure 4: Angiographic examination. A) Lateral angiographic images showing the 386 

PDA (black arrows) as well as the initial positioning of the first stent which was 387 

partially superimposed to the left subclavian artery. Therefore, the stent was 388 

positioned more caudally (B) and was distended by the inflation of the first balloon 389 

(C). Next, a second stent was placed to achieve occlusion of the PDA (D) and a 20 390 

mm diameter balloon was used to expand both stents (E). Figure F shows the final 391 

aortography which confirmed occlusion of patent ductus arteriosus and the presence 392 

of minimal residual flow through the ductus (black arrows). AO: aorta; BT: 393 
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brachycephalic trunk; LSA: left subclavian artery; PA: pulmonary artery; PDA: patent 394 

ductus arteriosus.  395 

 396 

Figure 5: Thoracic radiographic performed 24 hr after aortic stent placement. Both 397 

the lateral (A) and dorsoventral (B) radiographs demonstrated the correct positioning 398 

of the stents with clear lung fields.  399 

 400 

Figure 6: Two-dimensional and color Doppler transthoracic echocardiography 401 

revealing occlusion of the PDA after stenting (white arrows). Color Doppler 402 

demonstrates only minimal residual flow through the PDA. Ao: aorta; D.Ao: 403 

discending aorta; PA: pulmonary artery.  404 

 405 

Supplemental Figure I: Volume Rendering 3D sagittal reconstruction of the 406 

thorax showing the endoluminal placement of the covered stent within the proximal 407 

segment of the descending aorta.  408 

 409 

 410 

 411 

 412 

 413 

 414 
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 416 

 417 

Video Table 418 

Video Table   

Video 1  Fluoroscopic right lateral 
thoracic image 
demonstrating the attempt 
to position the Amplatzer 
duct occluder 

The Amplatzer duct 
occluder is inserted 
through the right femoral 
vein and its instability can 
be seen when the device 
passes easily through the 
aortic patent ductus 
arteriosus ostium until the 
pulmonary artery.  

Video 2 Fluoroscopic right lateral 
thoracic aortography to 
study the anatomy before 
the stent placement. 

The pigtail catheter is at 
the level of the ascending 
aorta by which the 
contrast medium is 
injected. The angiography 
allows to study the aortic 
anatomy with its two main 
branches (the 
brachycephalic trunk and 
the left subclavian artery) 
and to visualize the patent 
ductus arteriosus. A 
guidewire introduced from 
the left femoral artery is 
observed from the 
descending aorta up to 
the ascending aorta.  

Video 3 Fluoroscopic right lateral 
thoracic aortography after 
stents placement 

The angiography 
demonstrates the correct 
stents positioning and 
stability with a minimal 
residual flow through the 
patent ductus arteriosus.  
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Video 4 Right parasternal short-
axis echocardiographic 
two-dimensional image 
optimized for the right 
ventricular outflow tract 
and the main pulmonary 
artery (left panel) and the 
same video superimposed 
with color flow Doppler 
(right panel) 

Two-dimensional 
echocardiography 
revealing occlusion of the 
patent ductus arteriosus 
after stenting. Color flow 
Doppler demonstrates a 
minimal residual flow 
through the patent ductus 
arteriosus and the stent.  

 419 
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