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CASE REPORT

A rare case of intramural patent ductus arteriosus in a dog: 

anatomic, histopathologic, and radiographic features

Jung-Hyun Kim1, Su-Min Kim2, Ja-Young Kim3, Hyun-Jung Han3,*

1Department of Veterinary Internal Medicine, College of Veterinary Medicine, Konkuk University, Seoul, Korea
2Department of Veterinary Internal Medicine and 3Department of Veterinary Emergency, 

Konkuk University Veterinary Medical Teaching Hospital, Seoul, Korea

Abstract: A 5-year-old dog was evaluated for a lethargy and respiratory distress. Radiograph revealed cardiomegaly with pleural
effusion, and the dog died during a thoracocentesis. At necropsy, the descending aorta and pulmonary trunk were dilated and in close
contact, but there was no external evidence of a patent ductus arteriosus (PDA). When the descending aorta was opened however, an
ostium opening into the pulmonary trunk was evident. Histopathological investigation revealed that the intramural PDA resembled
vascular tissue with a structure and architecture. The diagnosis was an intramural PDA, an extremely rarely reported type of PDA in
the dog.
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Patent ductus arteriosus (PDA) is one of the most common congenital heart

diseases in dogs [1,2]. PDA is characterized by the persistence of the ductus

arteriosus, which shunts blood from the pulmonary artery to the aorta during

fetal development and generally closes by 7 or 8 days post whelping, with

histologic studies suggesting even earlier closure [3,4]. When the ductus fails

to close after birth, the rise in systemic arterial pressure and the fall in pulmo-

nary arterial pressure usually results in a left-to-right shunt in which blood

flows from the aorta to the pulmonary artery [3].

Standard morphologies of PDA that have been reported include extramural

PDAs have been angiographically classified into either four [5] or five [6]

phenotypes. Intramural PDA has not been included in any of the previously

reported classification systems, and only one case has been reported to date

[7]. In that case, the PDA was contained entirely within the wall of the aorta,

and the intramural aspect of the PDA was not evident on echocardiography

[7]. When surgical correction was attempted in that case, ligation was not pos-

sible due to the absence of a discrete ductal PDA vessel, and that dog died

from cardiac arrest during surgery. Herein, we report the fatal clinical course

of a dog with intramural PDA, including details pertaining to the clinical,

gross anatomic, and histopathological findings. To our knowledge, this is the

first report of the radiographic and histopathological features of canine intra-

mural PDA in the literature. Our description of the precise anatomical struc-

ture of this extremely rare congenital heart disease may help clinicians

diagnose and manage intramural PDA in the future.

A 5-year-old, 2.8-kg female Maltese dog was referred to the Veterinary

Medical Teaching Hospital for evaluation of a 3-day history of acute lethargy

and respiratory distress. The owner reported that the dog had been less active

since the patient was a puppy, however the respiratory distress was firstly

found one month ago and severely worsened 3 days ago. When the dog was

examined by the referring veterinarian earlier at the presentation day, it

showed profound respiratory distress. Although the referring veterinarian

diagnosed the cardiomegaly suspected pericardial effusion based on radio-

graphic examination, any medication was not prescribed. The dog was

referred to our hospital for further diagnostic evaluation and management. On
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physical examination, the femoral pulses were weak and

mucous membranes were pale. The heart rate was 120 beats

per minute, and the heart and breath sounds were muffled.

Thoracic radiography revealed complete obliteration of the

cardiac silhouette with tracheal elevation on the lateral view

and were consistent with pleural effusion and cardiomegaly

(Fig. 1A). On the ventrodorsal view, scalloping of the right

cranial and middle lung margins and interlobar fissure lines

were visible (Fig. 1B). On abdominal radiography, perito-

neal effusion and hepatomegaly were also detected. Base on

the radiographic findings, a differential diagnosis included

pure pleural effusion, pyothorax, hemothorax, bivalvular

insufficiency, pericardial effusion, pulmonary hypertension,

and reversed PDA. Supplemental oxygen (inspired O2 frac-

tion 40–60%) was provided via an oxygen cage and prompt

thoracocentesis was attempted; however, the dog rapidly

deteriorated and cardiac arrest occurred. Despite prompt car-

diopulmonary resuscitation with cardiac massage and the

administration of anticholinergic (atropine 0.05 mg/kg IV;

Jeil atropine sulfate injection 0.5 mg/mL, Jeil pharmaceuti-

cal, Korea) and sympathomimetic (epinephrine 0.01–0.1 mg/

kg IV; Daihan epinephrine injection 1 mg/mL, Daihan Pharm.

Co., LTD, Korea) agents, the dog died. With the owner’s

consent, the dog’s body was donated to the hospital for fur-

ther study. Before necropsy, experimental thoracocentesis

was performed within 30 minutes after death, and a total of

270 mL of pleural effusion was removed. The pleural effu-

sion was diagnosed as transudative and cytology of the pleu-

ral effusion revealed no remarkable findings. After the

thoracocentesis, thoracic radiography revealed generalized

cardiomegaly (vertebral heart score 11.8), bulging of the

descending aorta, and enlargement of the left atrium (Fig.

1C, 1D).

At necropsy, mild to moderate pleural effusion was identi-

fied, and the lungs were diffusely congested with foamy

blood present in the trachea and pulmonary parenchyma,

which was consistent with pulmonary hemorrhage likely sec-

ondary to cardiopulmonary resuscitation. Additionally, severe

cardiomegaly with eccentric right ventricular hypertrophy

was identified, and the main pulmonary veins and arteries

were dilated. The descending aorta and pulmonary trunk

were also dilated and in close contact, but there was no exter-

nal evidence of a vessel connecting the aorta and pulmonary

artery. When the descending aorta was opened however, a 3-

mm ostium opening into the pulmonary artery was evident.

Further distal dissection of the aorta revealed the presence of

a 1-cm long intraaortic shelf that divided the intramural PDA

and descending aorta (Fig. 2). Additionally, moderate ascites

and hepatomegaly were identified. A necropsy sample of the

intramural PDA was fixed via immersion in neutral-buffered

10% formalin for microscopic evaluation. Histopathological

examination of the specimen revealed that it comprised a

variably thick layer of smooth muscle tunic with small

amounts of fibrous tissue (Fig. 3). There were thin lining of

endothelium and scant mucin-laden connective tissue stroma.

Focal areas of mural mineralization and some subintimal

mucin accumulation were noted. No inflammation was

apparent. These features of the multifocal areas, including

mild mineralization, muscular tunic, and tunica media, were

indicative of an aortic vessel. Based on the gross anatomical

and histopathological findings, the dog was ultimately diag-

nosed with intramural PDA.

Until recently, reports of PDA in dogs have been limited to

extramural cases [5]. Das et al. [7] reported the first case of

canine intramural PDA. In that report, intramural PDA was

diagnosed postmortem. Because intramural PDA is evi-

dently difficult to identify without necropsy, its true preva-

lence is unknown.

The common radiographic findings in previously reported

cases of extramural left-to-right shunting PDA include pro-

gressive enlargement of the left atrium, left ventricle, aortic

arch, and pulmonary arteries [1,8]. Pulmonary overcircula-

tion can result in dilation of the pulmonary arteries and veins,

with vessel diameters correlating with the shunt volume [3].

Often, an aneurysmal bulge is also evident in the descending

aorta at the level of the ductus arteriosus [3]. Although aneu-

rysmal bulge of the aorta is most readily detected in dorso-

Fig. 1. Thoracic radiograph of a dog with intramural patent duc-

tus arteriosus before (A, B) and after (C, D) thoracocentesis. (A)

On the lateral view, radiopaque fluid obscures much of the tho-

racic detail and the trachea is elevated dorsally. (B) On the ven-

trodorsal view, the radiolucent lung regions are markedly

retracted from the thoracic wall, especially the cranial lung lobe

region. (C) After thoracocentesis, cardiomegaly is detected with

bulging of the cardiac silhouette at 2 o’clock on the lateral view.

(D) On the ventrodorsal view, the leftward bulge of the

descending aorta (arrows) and a round radiopaque structure

(arrowheads) are seen, mostly likely representing the left atrium

superimposed over the cardiac silhouette. Marked elongation of

the heart is also evident.
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ventral radiographs, where it causes a lateral deviation of the

left lateral wall of the descending aorta at the level of the

main pulmonary artery [3], it may also be seen in ventrodor-

sal radiography when it is significant. The progression of

PDA is associated with excess pulmonary blood flow, which

induces pulmonary vascular changes such as increased pul-

monary vascular resistance and pulmonary hypertension [3].

Additionally, right heart enlargement may be a sign of

advanced heart failure [1]; the present case also demon-

strated right ventricular dilation. Lastly, if pulmonary arterial

pressure exceeds aortic pressure, blood flow through the

PDA can be reversed (right-to-left shunt) in some cases [1,5].

Reversed shunting can induce secondary pulmonary hyper-

tension and right congestive heart failure, which can mani-

fest as pleural effusion or ascites on radiographic examination,

both of which were evident in the current case. Unfortu-

nately, although the pulmonary hypertension was not evalu-

ated by echocardiographically in the present case, reverse

shunting PDA was suspected because presence of marked

pleural and peritoneal effusion, and grossly identified eccen-

tric right ventricular hypertrophy during necropsy. Further-

more, as seen in the present case, canine hearts with PDA

often exhibit an elongated appearance because the left ven-

tricular enlargement extends the cardiac silhouette caudally

while the dilated aortic arch extends the cardiac silhouette

cranially [9]. In a previous case report [7], intramural PDA

could not be differentiated from extramural PDA via echo-

cardiography. Anatomical evaluation via necropsy, as was

utilized in the present case, could help diagnose intramural

PDA.

In the present case, histopathological investigation revealed

that the intraaortic shelf of the intramural PDA resembled

vascular tissue with a structure and architecture that was very

similar to the aorta, comprising a variably thick tunica intima

and tunica media with areas of mineralization. There was no

discrete separation or membranous type tissue visible micro-

scopically. The mineralization was identified primarily within

the tissue of the ostium, but the architecture at each site

appeared to be otherwise similar. The cause of the mineral-

ization is unclear. Vascular mineralization is occasionally

seen in hypothyroidism canines that develop atherosclerosis

[10]; however, there was no lipid accumulation or any other

evidence of atherosclerotic plaque or cholesterol cleft forma-

tion in the present case. The foci consisted of pure mineral-

ization of the smooth muscle stromal tissue with no evidence

of fatty deposits or secondary inflammation. This mineraliza-

tion may be found incidentally in some patients, but it may

also precede dissecting aneurysm [11]. Because the anatomi-

cal structure of the intraaortic shelf of the intramural PDA

was very close to that of the aorta, it may have been some

type of diverticulum or aneurysm arising from the aorta or a

developmental lesion of some kind.

Fig. 3. Histopathology of the intramural patent ductus arterio-

sus. (A) This structure comprises a variably thick layer of

smooth muscle tunic with small amounts of fibrous tissue.

H&E, Bar = 100 µm. (B) Focal areas of mural mineralization

and some subintimal mucin accumulation are seen. H&E, Bar =

50 µm. (C) Masson trichrome straining demonstrates a normal

component of collagenous connective tissue (blue color) in the

vessel wall, as well as smooth muscle (red). Bar = 100 µm. (D)

Factor VIII immunohistochemical staining demonstrates a thin

lining of endothelium (arrow) along the lumen of the aorta.

Bar = 50 µm. H&E, hematoxylin and eosin.

Fig. 2. Necropsy of the heart in a dog with intramural PDA. (A)

The descending aorta and pulmonary trunk are dilated. The dis-

section line of the ligamentum arteriosus is noted (open arrow).

(B, C) Further dissection of the pulmonary artery and aorta

reveals intramural PDA within the aorta. The intramural PDA

starts from the orifice connecting the pulmonary artery to the

aorta along the intraaortic shelf. (D) Diagram illustrating the

ostium (thick arrow), and intraaortic shelf (thin arrow) in the

same dog. Ao, aorta; LV, left ventricle; RV, right ventricle; PA,

pulmonary artery; PDA, patent ductus arteriosus.
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Dogs with PDA rarely survive to a normal age due to the

development of congestive heart failure [3]. Therefore, when

left-to-right shunting PDA is diagnosed, closure via surgical

ligation or interventional occlusion is usually recommended

[3]. Generally, the only contraindication for the surgical cor-

rection of left-to-right shunting PDA has been the presence

of a coexisting cyanotic cardiac abnormality such as tetral-

ogy of Fallot [3]. In a previous report [7], however, an intra-

mural PDA was reported to be inoperable because it was

contained entirely within the aortic wall and there was no

surgically accessible segment. In other words, it was an

intraaortic shelf rather than a duct. Although there have been

no reports of interventional correction of intramural PDA in

dogs, transvenous or transarterial coil embolization or the use

of an Amplatz canine ductal occluder could be considered

after confirmation of left-to-right shunting PDA in a patient

who has an intraaortic shelf separating the ductus from the

descending aorta. However, the right to left shunting PDA, as

was suspected in this case, is a contraindication to PDA clo-

sure.

This is the first description of radiographic and histopatho-

logic features with necropsy of intramural PDA in a dog. We

believe that this case is important because the extraordinary

clinical features, radiographic, necropsy, and histopathologic

findings of canine intramural PDA have only been reported

extremely rarely. In conclusion, intramural PDA should be

considered in the differential diagnosis of congenital heart

disease inducing cardiomegaly and pleural effusion in dogs.

Additionally, when canine PDA is suspected, it is important

that veterinarians recognize the rarely occurring intramural

PDA. Furthermore, although there has not been reported yet,

advanced imaging including computed tomography angiogra-

phy or magnetic resonance angiography, especially 3D or 4D

modalities available, could be theoretically considered to

improve diagnostic accuracy for this defect.
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