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Double outlet right ventricle in a calf
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Abstract Double outlet right ventricle is a conotruncal
malformation where both great arteries (aorta and pulmo-
nary trunk) arise from the right ventricle. A 2-month-old
Holstein calf was slaughtered due to severe respiratory
distress. At necropsy, the heart was enlarged, globose, and
had ventricular and atrial septal defects. The only outlet for
the left ventricle was a large ventricular septal defect
located at 6 cm distance from the heart apex and involved
atrial septum too. The right ventricle was enlarged and
markedly thickened with a left to right free wall ratio of
2.5:2 and prominent papillary muscles. The aorta arose
from the right ventricular infundibulum adjacent to pulmo-
nary trunk. Two valvular hematomas were observed on the
edge of the right atrioventricular valve. The lungs were
rubbery with ecchymotic and petechial hemorrhages and
did not collapse after removing from thoracic cavity.
Enhanced lobular pattern was evident on both the capsular
and cut surfaces of the liver. Histopathological examination
of the lungs revealed thickening of alveolar septa, hemor-

rhages, and infiltration of hemosiderophages within alveoli.
Periportal hepatocellular fatty changes, substitution of
centrilobular and midzonal hepatocytes by red blood cells,
and dilation of midzonal and periportal sinusoids were seen
in the liver. To our knowledge, this particular combination
of cardiac defects has not been previously described in
domestic animals and the pathological lesions observed in
the calf may be resulted as a sequel to left–right blood
shunting and heart failure.
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Introduction

Double outlet right ventricle (DORV) is a conotruncal
malformation where both great arteries (aorta and pulmo-
nary trunk) arise from the right ventricle (Prosek et al.
2005). This anomaly has been described in veterinary
literature in few cats and dogs, a foal, and three calves with
variable clinical and pathologic findings (Wilson et al.
1985; Zulauf et al. 2001; Prosek et al. 2005).

In this article, we describe gross and histopathological
characteristics of DORV in a calf with concurrent ventric-
ular and atrial septal defects and tricuspid valvular
hematomas. To our knowledge, this particular combination
of cardiac defects has not been previously described in
domestic animals.

Case history

A 2-month-old Holstein calf was slaughtered due to
severe respiratory distress and referred to Department of
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Pathobiology, Faculty of Veterinary Medicine, University
of Shahrekord. At necropsy, for histopathological exami-
nation, tissue samples from liver and lungs were fixed in
10% neutral buffered formalin. They were processed and
embedded in paraffin. Sections of 6 μm thick were stained
with hematoxylin and eosin.

Results

On postmortem examination, gross lesions were limited to
the heart, lungs, and liver. The heart was enlarged, globose,
and had ventricular and atrial septal defects. The only outlet
for the left ventricle was a large ventricular septal defect
(VSD) located at 6 cm distance from the heart apex. The
anomaly also involved both the membranous and muscular
part of the interatrial septum (Fig. 1). The right ventricle
was enlarged, markedly thickened with prominent papillary
muscles. The left to right free wall ratio of two ventricles
was 2.5:2. The aorta arose from the right ventricular
infundibulum and the aortic valve was seen adjacent to
pulmonary trunk (Fig. 2). Two valvular hematomas or
hematocysts were observed near the edge of the right
atrioventricular valve. The lungs were rubbery with

Fig. 1 Ventricular and atrial septal defects with the left ventricle
opened. Note the large ventricular (arrow) and small atrial (arrow-
head) defects in the septa

Fig. 2 Double outlet right ventricle. The aortic valve (arrow) is seen
adjacent to the pulmonary trunk (star)

Fig. 3 Rubbery lung with ecchymotic and petechial hemorrhages

Fig. 4 Cut surface of the liver. Note accentuation of the normal
lobular pattern
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ecchymotic and petechial hemorrhage and did not collapse
after removing from thoracic cavity (Fig. 3). Enhanced
lobular pattern was evident on both the capsular and cut
surfaces of the liver (Fig. 4). The postmortem findings
confirmed the diagnosis of DORV.

Histopathological examination of the lungs revealed
thickening of alveolar septa, hemorrhages, and infiltration
of hemosiderophages within alveoli. Periportal hepatocel-
lular fatty changes, substitution of centrilobular and mid-
zonal hepatocytes by red blood cells (Fig. 5), and dilation
of midzonal and periportal sinusoids were also seen in the
liver.

Discussion

The definition of DORV remains controversial. According
to Anderson et al., all of one great artery and 50% or more
of the other artery must arise from the right ventricle to
qualify for a diagnosis of DORV (Dharmapuram et al.
2006). Anatomic variations of DORV are classified accord-
ing to the position of the great arteries in relation to each
other, the relationship between a VSD and the great arteries,
and the presence and degree of pulmonary stenosis (Prosek
et al. 2005). Based on the relationship between the VSD
and the blood vessels, there are four subcategories
including DORV with subaortic VSD, if the VSD is right
under the aorta; DORV with subpulmonary VSD, if it lies
under the pulmonary artery; DORV with doubly committed
VSD, if the VSD is under both the arteries; and finally,
DORV with noncommitted VSD that the VSD is remote
from the arteries and blood mixes in the right ventricle
(Wilson et al. 1985).

We had some difficulty in classifying the VSD as doubly
committed or noncommitted because of the large VSD.
Most cases of DORV have a VSD.

DORV with an intact interventricular septum is rare in
animals but has been reported in cattle and pigs. The
presence of an VSD allows for the adequate egress of
oxygenated blood from the left ventricle which is necessary
for survival (Wilson et al. 1985).

In this case, the pulmonary lesions may be resulted due
to pulmonary hypertension because pulmonary circulation
is often exposed to very high pressure and increased blood
flow in DORV cases that has additional effect on the
developing of right side heart failure.

In the present report, the enhanced lobular pattern of liver
or nutmeg liver may be caused by right side heart failure and
hypoxemia. Nutmeg liver is not a specific finding and may
be associated with zonal hepatocellular degeneration or
necrosis, passive congestion, and diffuse cellular infiltration
within the liver (Cullen and MacLachlan 2001).

The right ventricle was enlarged and markedly thickened
with a left to right free wall ratio of 2.5:2 in the affected
calf, in contrast to the normal 3:1 (McKenna et al. 2003).
These findings are secondary to the cardiac congenital
anomalies.

To our knowledge, this particular combination of cardiac
defects has not been previously described in domestic
animals and the pathological lesions observed in the calf
may be resulted as a sequel to left–right blood shunting and
heart failure.

Acknowledgements The authors are grateful to Mr. Ahmadi for the
slides preparation.

References

Cullen JM, MacLachlan NJ (2001) Liver, biliary system and exocrine
pancreas. In: McGavin MD, Carlton WW, Zachary JF (eds)
Thomson’s special veterinary pathology, 3rd edn. Mosby, London,
pp 81–124

Dharmapuram AK, Sundararaghavan S, Swain SK et al (2006)
Morphosurgical correlation of outcomes in complete double
outlet right ventricle. Interact Cardiovasc Thorac Surg 5:566–
569 doi:10.1510/icvts.2006.134320

McKenna SLB, Barkema HW, McClure JT et al (2003) Tetralogy of
Fallot in a 2-year-old Holstein heifer. Can Vet J 44:312–313

Prosek R, Oyama MA, Church WM et al (2005) Double-outlet right
ventricle in an Angus calf. J Vet Intern Med 19:262–267
doi:10.1892/0891-6640(2005)19<262:DRVIAA>2.0.CO;2

Wilson RB, Cave JS, Horn JB et al (1985) Double outlet right
ventricle in a calf. Can J Comp Med 49:115–116

Zulauf M, Tschudi P, Meylan M (2001) Double outlet right ventricle
(DORV) in a 15 month old heifer. Schweiz Arch Tierheilkd
143:149–154

Fig. 5 Liver, note the accumulation of red blood cells around central
vein and the absence of hepatocytes (hematoxylin and eosin, ×528)

Comp Clin Pathol (2009) 18:187–189 189

dx.doi.org/10.1510/icvts.2006.134320
dx.doi.org/10.1892/0891-6640(2005)19<262:DRVIAA>2.0.CO;2

	Double outlet right ventricle in a calf
	Abstract
	Introduction
	Case history
	Results
	Discussion
	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


