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Abstract Advanced imaging modalities are becoming more widely available in ve-
terinary cardiology, including the use of transesophageal echocardiography (TEE)
during occlusion of patent ductus arteriosus (PDA) in dogs. The dog in this report
had a complex history of attempted ligation and a large PDA that initially precluded
device placement thereby limiting the options for PDA closure. Following a second
thoracotomy and partial ligation, the morphology of the PDA was altered and device
occlusion was an option. Angiographic assessment of the PDA was limited by the pre-
sence of hemoclips, and the direction of ductal flow related to the change in anatomy
following ligature placement. Intra-operative TEE, in particular real-time three-
dimensional imaging, was pivotal for assessing the PDA morphology, monitoring dur-
ing the procedure, selecting the device size, and confirming device placement. The
TEE images increased operator confidence that the size and location of the device
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were appropriate before release despite the unusual position. This report highlights
thebenefit of intra-operative TEE, in particular real-time three-dimensional imaging,
for successful PDA occlusion in a complicated case.
ª 2017 Elsevier B.V. All rights reserved.

Case report

An 11-month-old, 17.8 kg, female terrier mix
breed was presented to the Texas A&M University
Veterinary Medical Teaching Hospital for evalua-
tion of a left-to-right shunting patent ductus
arteriosus (PDA). Three months before pre-
sentation, the PDA had been diagnosed and a sur-
gical ligation was attempted but not completed
due to reported complications. The dog was pre-
scribed pimobendan and enalapril, and evaluation
by a cardiologist was recommended.

At the time of presentation, the owner reported
the dog had a history of exercise intolerance. A
grade 6/6 continuous left basilar murmur was noted
on auscultation of the thorax, and femoral pulses
were bounding consistent with a PDA. The previous
thoracotomy site was completely healed. The
remainder of the physical examination was unre-
markable. Radiographic cardiomegaly included left
atrial and ventricular enlargement with a vertebral
heart size of 13.4. The pulmonary vessels were
enlarged consistent with overcirculation, and there
was not any evidence of pulmonary edema. Hemo-
clips were noted in the left cranial lung field. A
complete two-dimensional (2D) transthoracic
echocardiographic study was performed, which
documented the left ventricular internal dimen-
sions were increased in size in both diastole and
systole (LVIDd, LVIDs). Moderate mitral regur-
gitation and left atrial enlargement based on 2D

short axis left atrium to aorta ratio (LA:Ao) were
present [1]. Transaortic velocity was elevated
(4.3m/s), andaortic insufficiencywasdocumented.
The aortic valve appeared structurally normal, but
there was a possible subvalvular ridge documented
in the left ventricular outflow tract and thus sub-
aortic stenosis could not be ruled out as a cause for
the elevated outflow tract velocities in addition to
increased volume secondary to ductal flow. A PDA
was visualized entering the main pulmonary artery,
and left-to-right shunting was confirmed with color
and spectral Doppler. Acoustic shadowing artifact
attributed to the hemoclipswas noted at the base of
the heart near the left atrium. The PDA gently
tapered at the pulmonary ostium and the minimal
ductal diameter (MDD) measured 8.4 mm with an
ampulla diameter thatwas at least 21.1mm (Fig. 1).
These dimensions precluded transcatheter device
closure with currently available devices, and surgi-
cal ligation was considered despite the previous
attempt before presentation. Potential complica-
tions associated with a repeat thoracotomy and the
development of intrathoracic adhesions since the
last procedure was discussed with the owner. The
following day, a left-sided thoracotomy was per-
formed at the 4th intercostal space. Fibrous adhe-
sions to the chest wall and the array of hemoclips

Abbreviations

ACDO Canine Duct (Occluder)
LA:Ao left atrium to aorta ratio
LVIDd left ventricular internal dimension in

diastole
LVIDs left ventricular internal dimension in

systole
MDD minimal ductal diameter
PDA patent ductus arteriosus
TEE transesophageal echocardiogram
2D two-dimensional
3D three-dimensional

Figure 1 Transthoracic echocardiographic image of
the patent ductus arteriosus from a right parasternal
short axis basilar view before the second surgical liga-
tion. The minimal ductal diameter measured 8.4 mm and
the ampulla diameter measured 21.1 mm. MMD, minimal
ductal diameter.
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