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Double-Outlet Right Ventricle in an Angus Calf

Robert Prosek, Mark A. Oyama, Whitney M. Church, Dusty W. Nagy, and D. David Sisson

ouble-outlet right ventricle (DORV) is a conotruncal
malformation where both great arteries arise from the
right ventricle. Anatomic variations of DORV are classified
according to the position of the great arteries in relation to
each other, the relationship between a ventricular septal de-
fect (VSD) and the great arteries, and the presence and
degree of pulmonary stenosis.! The prevalence of congen-
ital cardiac defects in bovine fetuses has been reported at
approximately 0.7 %, with VSDs representing the most
common congenital cardiac defect.2 DORV has been de-
scribed in veterinary literature in few cats and dogs® a
foal,” and 2 calves®® with variable clinical and pathologic
documentation. In this report, we describe the angiographic,
echocardiographic, and postmortem examination findingsin
a calf with a DORV with concurrent pulmonary stenosis,
subaortic VSD, patent ductus arteriosus (PDA), aberrant
left subclavian artery, and a tracheal malformation.

A 1-day-old female Angus calf was presented to the Uni-
versity of lllinois Veterinary Teaching Hospital for recum-
bency and tachypnea. The calf was delivered without com-
plications. There was no known exposure to chemical or
vira agents during gestation. The calf was weak and unable
to stand on presentation and a weak suckle response was
present. A continuous murmur was noted over the left heart
base and a pansystolic crescendo-decrescendo murmur was
noted cranially on the right hemithorax. The results of aus-
cultation of the lungs were normal; however, modest tachy-
pnea and dyspnea were noted. Temperature was 98.3°F (ref-
erence range, 100-102°F) and the periphera pulse rate
matched the heart rate at 64 pulses/min (reference range,
90-110 pulses/min). Both jugular veins were distended and
a prominent jugular pulse was noted. The calf’s blood glu-
cose was 31 mg/dL (reference range, 80—100 mg/dL), and
PCV was 32% (reference range, 28—-40%) with a total pro-
tein of 4.0 g/dL (reference range, 5.7—7.1 g/dL). A serum
chemistry profile revealed sodium of 143 mEg/L (reference
range, 132—138 mEg/L), potassium of 4.1 (reference range,
4.9-6.1 mEg/L), chloride of 108 mEQ/L (reference range,
96-109 mEg/L), ionized calcium of 4.2 mg/dL (reference
range, 4.2-5.3 mg/dL), and pH of 7.46. Ten milliliters of
50% dextrose was administered viathe left jugular vein and
lactated Ringer’s solution with 5% dextrose was started via
the left ear vein at a maintenance rate (60 mL/h). The calf
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nursed 1 L of dam colostrum and an additional 3 L were
given via an oroesophageal feeder tube. Hypoglycemia and
hypothermia resolved within severa hours but the calf re-
mained moribund.

Echocardiographic findings included a severely dilated
and hypertrophied right ventricle with moderate right atrial
enlargement and a large VSD inferior to the crista suprav-
entricularis (Fig 1). Color-flow and spectral Doppler dem-
onstrated low-velocity, bidirectional shunting through the
VSD. The shunting was left to right during systole and right
to left during diastole, with velocity less than 0.75 m/sin
each direction, suggesting equalization of left and right ven-
tricular pressures (Fig 2). A dlightly oblique right paraster-
nal short-axis view revealed 2 great vessels leaving theright
ventricle, with the larger vessel (assumed to be an overrid-
ing aorta) measuring 2.2 times the diameter of the smaller
vessel (Figs 3, 4). Turbulent flow of high velocity (4.2 m/
s) was noted in the smaller vessel and was thought to rep-
resent a hypoplastic pulmonary artery with a suspected val-
vular stenosis. Right parasternal long-axis view revealed a
distorted interventricular septum in the area of the VSD
(Fig 5). Other notable findings included modest tricuspid
insufficiency, a patent foramen ovale, and an enlarged left
coronary artery leaving its respective sinus of Valsalva. The
cause of the continuous murmur could not be identified.

Anesthesia was induced with and maintained by using
isoflurane mixed with 100% oxygen. Angiographic 7F pig-
tail catheters* were placed in the right jugular vein and ca-
rotid artery by means of a cutdown. When advanced under
fluoroscopic guidance, both catheters entered the right ven-
tricle. A right ventricular angiogram? was performed and
demonstrated dilation and hypertrophy of the right ventri-
cle, with blood flow directed out a hypoplastic pulmonary
artery and a dilated cranial and dextropositioned ascending
aorta (Fig 6). Mild tricuspid valve insufficiency was pre-
sent. Injection into the aortic root showed modest flow
through a PDA, dilation of both sinuses of Valsalva and the
initial part of both coronary arteries, and an aberrant left
subclavian artery. The calf was euthanized and a postmor-
tem examination was performed.

The heart was enlarged and globoid in appearance. The
ascending aorta lay to the right and cranial of the hypo-
plastic pulmonary trunk (Fig 7). Aberrant origin of the left
subclavian artery was evident along with a probe-PDA. A
window was made by removing a segment of the right ven-
tricular wall, allowing visualization of the abnormal aortic
origin from the right ventricle (Figs 8, 9). The only outlet
for the left ventricle was alarge VSD, which was subaortic
and inferior to the crista supraventricularis. The right ven-
tricle was hypertrophied and the conus of the pulmonary
artery was narrowed and underdeveloped, consistent with
a severe form of subpulmonic stenosis (Figs 8, 9). Inspec-
tion of the pulmonary trunk revealed pulmonic valve leaf-
lets that were thickened, fused, and stenotic (Fig 9). No
continuity was found between the aortic root and mitral
valve. Other notable findings were an incomplete fusion of
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Fig 1. Right parasternal short-axis view displaying the presence of a large ventricular septal defect (VSD) and systolic shunting of blood from
the left to right ventricle. A mosaic color Doppler display originates just below the origin of the hypoplastic pulmonary artery, consistent with
subpulmonic stenosis. RV, right ventricle; LV, left ventricle; *, VSD.
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Fig 2. Continuous Doppler study across the ventricular septal defect demonstrating bidirectional low-velocity shunting. Direction of flow is left
to right during systole and right to left during diastole.
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Fig 3. Oblique right parasterna short-axis view showing the aorta (Ao) and hypoplastic pulmonary artery (PA) arising from the right ventricle
(RV). Note the large discrepancy in diameter of the aorta and pulmonary artery. A large ventricular septal defect is seen connecting the left
ventricle (LV) with the right ventricle.

Fig 4. Oblique right parasternal short-axis view confirming the origin of 2 great vessels, the aorta (Ao) and pulmonary artery (PA), from a
hypertrophied and dilated right ventricle (RV). LV, left ventricle.
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Fig5. Right parasternal long-axis view displaying a dilated right atrium (RA) and dilated and hypertrophied right ventricle (RV) with a distorted
interventricular septum and papillary muscle due to a ventricular septal defect. LV, left ventricle; LA, left atrium.

the foramen ovale flap and a hypoplastic trachea with fu-
sion of its dorsal rings giving a teardrop-shaped appearance
on cross-section (Fig 10).

The incidence of DORV in humansis 1-1.5% of patients
with congenital heart disease.’® There are few reports of
DORYV in domestic animals and this defect is assumed to
be rare.3° The prognosis for DORV in animals appears to
be poor but one successful surgical repair of DORV has
been reported in a cat.*

Fig 6. Right ventricular angiographic injection with opacification of
a hypoplastic pulmonary trunk and a dilated aortic root. Modest tri-
cuspid insufficiency and moderate right atrial enlargement are evident.
Branching of the aorta is abnormal and a suspected aberrant left sub-
clavian is present. Moderate right ventricular hypertrophy and dilation
also are noted.

The antemortem distinction between DORV from other
conotruncal abnormalities such as the tetralogy of Fallot
and complete transposition of the great vessels is made dif-
ficult because of the common embryologic origin and close
relationship of these defects.* A diagnosis of DORV is
made when both great vessels arise from a distinct conus
originating from the morphologic right ventricle and from
which no fibrous continuity with the atrioventricular valves
can be demonstrated.* Typically, cases of DORV are cate-
gorized according to the location of the VSD and presence
or absence of pulmonic stenosis. DORV with a subaortic
VSD, pulmonary stenosis, and greater than 50% aortic
override resembles, both morphologically and physiologi-
caly, tetralogy of Fallot.! DORV with a subpulmonic VSD
and no pulmonary stenosis (Taussig-Bing anomaly) resem-
bles complete transposition of the great arteries.

A VSD provides the left ventricle its only exit in animals
and humans with DORV.* The location of the VSD in hu-
mans is usualy subaortic or subpulmonic, but less com-
monly the defect is committed to both great arteries (aorta
and pulmonary trunk) or to neither great artery.* Pulmonary
stenosis is present in 40—70% of humans with a subaortic
VSD and is manifest as either an underdeveloped subpul-
monary conus, a stenotic and often bicuspid pulmonary
valve, or both. The clinical manifestations of a DORV with
subaortic VSD and pulmonary stenosis closely resemble te-
tralogy of Fallot, with signs predominantly related to sys-
temic hypoxemia.* Palliative treatment of tetralogy of Fallot
or DORV includes the surgical creation of a left-to-right
arterial shunt from the left subclavian to pulmonary artery
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Fig 7. Gross specimen of a calf heart with moderate right ventricular
enlargement, craniad and rightward positioning of an enlarged aortic
root, hypoplastic pulmonary trunk, patent ductus arteriosus, and aberrant
left subclavian artery. 1, aortic root; 2, brachyocephalic trunk; 3, aberrant
left subclavian artery; 4, patent ductus arteriosus; 5, pulmonary trunk;
6, left auricular appendage; RV, right ventricle; LV, left ventricle.

Fig 8. Opened right ventricle displaying concentric hypertrophy, or-
igins of the aorta (red marker) and pulmonary artery (*), adong with
a large subaortic ventricular septal defect (blue marker). Note the se-
verely underdeveloped and stenotic pulmonic conus.

Fig 9. Opened right ventricle displaying the origin of both the aorta
and pulmonic artery from the right ventricle. Note how the position
of the aorta precludes any continuity of the aortic root with the mitral
valve apparatus (not visible). The aortic diameter is about 2.3 times
the pulmonic diameter. Pulmonic stenosis is present at the level of
pulmonic valve, with leaflets that are thickened and fused and at the
level of the pulmonic conus, which is severely narrowed. Moderate
right ventricular hypertrophy is present. An aberrant left subclavian
artery and patent ductus arteriosus also are noted. Ao, aorta; PA, pul-
monary artery.

Fig 10. Hypoplastic trachea with fusion of its dorsal border giving
a teardrop-shaped appearance in a calf with a double-outlet right ven-
tricle.
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(Blalock-Taussig shunt). The PDA found in this calf may
have acted as a similar type of shunt and presumably im-
proved the amount of pulmonary blood flow.

The authors had some difficulty classifying the VSD as
subaortic or noncommitted and the exact nature of the de-
fect was not certain until careful inspection of the heart at
postmortem examination. A particularly interesting finding
was the malformed teardrop-shaped hypoplastic trachea,
which the authors have not previously seen. In humans,
tracheal stenosis and tracheal agenesis with DORV has
been reported; however, the exact description of the mal-
formation found in this calf could not be found.’?** The
presence of this malformation may have contributed to the
calf’s dyspnea. In a species in which diagnostics are often
limited because of financial constraints, the correlation of
clinical and pathologic features of DORYV, as presented in
this report, should aid the future recognition of this uncom-
mon disorder.

Footnotes

2 Catheter, Terumo Medical, Somerset, NJ
b Hypaque, Amersham Health, Princeton, NJ
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