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Complex Tetralogy of Fallot in an Acyanotic
Adult Dog

Elizabeth L. Malcolm, DVM, and Ashley B. Saunders, DVM, DACVIM (Cardiology), College
Station, Texas
INTRODUCTION

Differentiation ofmore complicated forms of tetralogy of Fallot (TOF),
including pulmonary atresiawith ventricular septal defect (VSD), from
truncus arteriosus and other complex congenital malformations can
be challenging with transthoracic echocardiography (TTE) alone,
and though there are identifiable characteristics that can help make
the differentiation, advanced imaging is typically required to provide
a full picture of the anatomy and identify the sources of pulmonary
blood flow. These defects have rarely been reported in the dog, cat,
alpaca, and cow.1-5 We describe the use of multimodality imaging
with TTE, cardiac computed tomographic angiography (CTA), and
augmented reality to diagnose TOF with pulmonary artery (PA) hypo-
plasia, absent left PA and multiple sources of collateral circulation
contributing to pulmonary blood flow in an acyanotic adult dog.

CASE PRESENTATION

A 2-year-old adult male Shepherd mix weighing 22 kg was presented
for further characterization of complex congenital heart disease
(CHD). The owner originally reported moderate exercise intolerance
and cyanosis that developed with excessive activity. A veterinary
cardiologist performed TTE, which revealed a single large great artery
arising from both ventricles, a VSD, and right ventricular (RV) enlarge-
ment. Propranolol 10 mg orally every 8 hours (0.47 mg/kg) was initi-
ated. Exercise intolerance and cyanosis with activity resolved per the
owner shortly after starting propranolol. Upon further evaluation at
the Veterinary Medical Teaching Hospital, the dog’s mucous mem-
branes were pink, and grade III/VI right basilar systolic and II/VI dia-
stolic murmurs were auscultated. The dog had a normal heart rate and
regular rhythm with strong and synchronous femoral pulses. The
remainder of the physical examination was unremarkable. The dog
was administered a light sedative, and TTE was performed. Two-
dimensional images obtained from the right parasternal long-axis
view showed hypertrophy of the right ventricle (Figure 1, Video 1).
Measurements included thickened RV free wall diameter in diastole
of 9.1 mm (indexed, 0.42 cm/kg0.25; abnormal range, >0.39 cm/
kg0.25), normal RV internal dimension in diastole of 2.51 cm (indexed,
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0.91 cm/kg0.33; abnormal range, >0.94 cm/kg0.33), and normal
tricuspid annular plane systolic excursion of 16.8 mm (indexed, 6.7
mm/kg0.297; abnormal range, <4.8 mm/kg0.297).6 Additionally, there
was mild right atrial dilation with anomalous vessels identified on the
external surface of the left atrium and near the left atrioventricular
groove (Figure 2, Video 2). A large great artery, expected to be the
aorta, was identified overriding the interventricular septum with a
VSD that measured approximately 3.4 mm from the aortic valve
(Video 3). Color flow Doppler documented bidirectional VSD flow
and aortic valve regurgitation directed entirely into the right ventricle
(Figure 1). In the right parasternal short-axis view, a hypoplastic pul-
monary valve (PV) was documented, with an estimated ratio of diam-
eter at the PV (11.3 mm) to aortic diameter (29.6 mm) of 0.38
(abnormal range, <0.80; Figure 1, Video 4).1 Spectral Doppler profiles
had normal peak velocity (1.5 m/sec); however, the outflow tract and
PA could not be properly demonstrated to obtain optimal cursor align-
ment. Branch PAs could not be located with TTE. A single left coro-
nary artery was suspected (Figure 1). A patent ductus arteriosus was
not present. These findings were most consistent with a tentative diag-
nosis of TOF with hypoplasia or atresia of the PAs and the presence of
collateral vessels. Packed cell volume (54%; reference range, 37%-
55%) and total solids (7.0 g/dL; reference range, 6.0-8.0 g/dL) were
normal.7 Pulse oximetry was 98%. Advanced imaging was recom-
mended to fully evaluate the anatomy. Two weeks later, the dog
was induced under general anesthesia, and CTA was performed to
establish a diagnosis, characterize the PAs, and evaluate pulmonary
blood flow. The scan was performed under breath hold with tube cur-
rent of 250 mA, tube voltage of 120 kV, 0.9 pitch, a scan width of
0.6 mm, and reconstructed with an overlap of 3 mm. Contrast-
enhanced CTAwas performedwith 47mL nonionic contrast medium
(300 mg I/mL) administered through a peripheral intravenous cath-
eter in the left cephalic vein using a power injector. Postcontrast scans
were gated to 80 Hounsfield units on the cranial vena cava in imme-
diate succession. Transverse plane images were reconstructed with a
soft tissue algorithm. In reconstructed images (Figure 3), the PV was
hypoplastic, and a contiguous main PAwas identified with a hypoplas-
tic right branch PA perfusing the right cranial lung field and an absent
left branch PA. A single left coronary artery was confirmed. The CTA
study was further evaluated by importing the Digital Imaging and
Communications in Medicine images into a three-dimensional
viewing software platform that displays a reconstructedmodel as a ste-
reoscopic object viewed with three-dimensional glasses. In the multi-
planar reconstructed model, multiple major aortopulmonary
collateral arteries (MAPCAs)were identified arising from the descend-
ing aorta in addition to an enlarged vessel on the right side in the re-
gion of the expected bronchoesophageal artery that tapered into
numerous small, tortuous collateral vessels (Figure 4). Additionally,
there were two large anastomosing collateral arteries that coursed
over bronchi to perfuse the caudolateral lung fields on both sides of
the thorax. Numerous tortuous vessels were also identified along
the left side of the heart, in the mediastinum, and on the diaphragm
(Figure 2). The findings on CTA facilitated confirmation of a diagnosis
231
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VIDEO HIGHLIGHTS

Video 1: Two-dimensional TTE, right parasternal long-axis

view, demonstrates right ventricular (RV) hypertrophy and

collateral vessels near the left atrium and atrioventricular groove.

Video 2: Two-dimensional TTE with color flow Doppler, right

parasternal long-axis view, demonstratesg color flow in collateral

vessels near the left atrium and atrioventricular groove.

Video 3: Two-dimensional TTE with color flow Doppler, right

parasternal long-axis view, demonstrates the aorta overriding the

ventricular septum and left-to-right flow into the right ventricle

with color flow Doppler.

Video 4: Two-dimensional TTE with color flow Doppler, right

parasternal short-axis view, demonstrates left-to-right flow into

the right ventricle and the hypoplastic PV.

Viewthevideocontentonlineatwww.cvcasejournal.com.
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of TOF with PA hypoplasia, absent left branch PA, and multiple sour-
ces of pulmonary circulation, including MAPCAs, a dilated bronchoe-
sophageal artery, and numerous acquired collateral vessels. The dog
was continued on propanol with routine recheck evaluations sched-
uled and has continued to do well at home 3 months later.

DISCUSSION

TOF is a complex form of CHD with abnormal position of the infun-
dibular septum and malalignment resulting in VSD, overriding of the
Figure 1 Two-dimensional TTE in a dog. (A)Right parasternal long-a
the left atrium (LA) and atrioventricular groove, (B) right parasternal lo
ular septum and left-to-right flow with color flow Doppler (asterisk),
demonstrates right ventricular enlargement, (D) left parasternal lon
regurgitation (arrowhead) directed preferentially into the right ventri
heart with color flow Doppler demonstrates left-to-right flow (asteris
qued long-axis view demonstrates the single left coronary artery (LC
aorta, hypertrophy of the right ventricle, and pulmonary stenosis in
which hypoplasia can occur at the level of the RV outflow tract, PV,
or PAs.8 PA hypoplasia has been reported in approximately 33% of
dogs (five of 15).1 In the dog reported here, a hypoplastic PVwas iden-
tified on TTE, but the PAs could not be identified, and subsequently,
PA hypoplasia with absent left branch PAwas diagnosed on CTA. The
utility of CTA includes documentation of the PAs as native, contig-
uous, atretic, or absent, as well as characterization of the pulmonary
circulation and coronary anomalies.9 With CTA, detailed information
regarding collateral vessels specifically related to number, size, origin,
and connections to other vessels can be fully characterized.9 Sources
of pulmonary perfusion may include native PAs, patent ductus arterio-
sus, MAPCAs, bronchial arteries, and acquired collateral vessels.9,10 In
humans, the predominant source of pulmonary blood supply in se-
vere forms of TOF is a patent ductus arteriosus or MAPCAs, and
assessment of the origin and course of these and any other abnormal
vessels is essential for clinical decision-making and preoperative plan-
ning.8,9,11 The dog in this report was characterized as having type B
pulmonary circulation, which includes native PA flow and MAPCAs
compared with only native PAs (type A) or MAPCAs (type C).12

The presence of MAPCAs is associated with PA hypoplasia or
atresia.10,12 Absence of the left branch PA in TOF is rare in humans
and has been attributed to involution of the patent ductus arteriosus.8

The spectrum of abnormalities with TOF can also include abnormal
coronary artery origin and branching and is important to recognize
before surgical planning.8 Although the prevalence of coronary artery
anomalies in humans with TOF is relatively low, close evaluation of
coronary anatomy before surgical intervention is essential to minimize
risk for coronary artery damage.8 There is a paucity of information
regarding the prevalence of coronary artery anomalies in dogs with
TOF, likely resulting from infrequent use of advanced imaging and un-
commonly performed surgical intervention in this species. Cyanosis is
xis four-chamber view demonstrates collateral vessels (Col) near
ng-axis view demonstrates the aorta (Ao) overriding the ventric-
(C) right parasternal short-axis view at the level of the ventricles
g-axis view with color flow Doppler demonstrates aortic valve
cle (RV), (E) right parasternal short-axis view at the base of the
k) into the RV and PV hypoplasia, and (F) right parasternal obli-
). LV, Left ventricle; RA, right atrium.

http://www.cvcasejournal.com


Figure 3 CTA reconstruction in a transverse view demonstrates (A) PA hypoplasia (asterisk) and (B) the hypoplastic right branch PA
directed cranially (asterisk). Ao, Aorta.

Figure 2 Two-dimensional TTEwith color flowDoppler right parasternal (A) and left parasternal (B) views obliqued to demonstrate the
collateral vessels along the left side of the heart (arrows). Multiplanar CTA reconstruction viewed in a three-dimensional software plat-
form demonstrates multiple acquired collateral vessels (arrows) in a surface-rendered model displaying the left side of the thorax (C).
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Figure 4 CTA reconstructions viewed in a three-dimensional software platform demonstrate (A) from a dorsal obliqued view (head to
the right), the enlarged bronchoesophageal artery originating from the aorta (Ao) at the fifth to sixth intercostal space on the right
(arrowhead) and two large anastomosing collateral vessels (asterisk) in a volume-rendered model, (B) from a transverse view, the pe-
ripheral collateral pulmonary vessels (asterisk with arrow) in close proximity to the bronchi (b) in a surface and volume-renderedmodel,
and (C) from a dorsal view (head at the top), cutting into the lumen of the Ao and enlarged bronchoesophageal artery (arrowhead) to
demonstrate the origin of a MAPCA (arrow) in a surface- and volume-rendered model.
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frequently but not always present in humans and animals with TOF.1,8

Multiple sources of pulmonary blood flow and use of beta blockade
were the most likely reasons for the lack of cyanosis and clinical signs
in this dog.

Collateral vessels were identified on TTE in the dog reported here,
similar to what is reported in children.10 Although TTE is valuable for
initial evaluation of complex CHD, advanced imaging techniques
with selective angiography, CTA, and magnetic resonance angiog-
raphy are essential for establishing the diagnosis and characterizing
the source and extent of the pulmonary blood supply. Variations of
TOF have been reported in dogs and cats, but detailed characteriza-
tion of the pulmonary blood supply with multimodal imaging has
not been consistently described. A case report of an adult dog diag-
nosed with pulmonary atresia and VSD identified MAPCAs on trans-
esophageal echocardiography and angiography.1 In another report,
CTA was essential in the differentiation and diagnosis of pulmonary
atresia and VSD with MAPCAs from truncus arteriosus in two young
cats with similar TTE features of a single large great vessel overriding a
large VSD with no visible pulmonary trunk.3 Advancements in tech-
nology have created unique ways to assess complex CHD, including
use of augmented and virtual reality systems that allow the operator to
manipulate a three-dimensional model or hologram in 360� rotation
that has been derived from a CTA data set. This type of imaging can
increase diagnostic accuracy and improve clinical decision-
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making.10,13 Surgical options for TOF in veterinary patients have been
limited but are possible, and management is typically directed toward
palliation of clinical signs with a modified Blalock-Taussig shunt or
definitive repair in dogs but can be limited by surgical center availabil-
ity and cost.14,15 Humans with adequate collateral pulmonary perfu-
sion can survive into adulthood without surgical intervention,10

similar to the dog in this report.

CONCLUSION

The case presented here describes TOF with pulmonary hypoplasia
and absent left branch PA in an acyanotic adult dog with pulmonary
perfusion through a combination of MAPCAs, a large bronchoeso-
phageal artery, and acquired collateral vessels that was diagnosed us-
ing a combination of TTE, cardiac CTA, and augmented reality.
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