
1 Cardiovascular System

Normal structure

The bird’s heart sits squarely in the middle of the coelomic cav-
ity just caudal to the thoracic inlet. The axis of a normal heart
deviates only slightly from the midline. Enlargement of any of
the chambers may result in a change in the heart axis. The cra-
nial ventral surface of the heart is in contact with the sternum,
and the liver lobes cover the apex of the ventral surface.

The thin-walled atria have a scalloped surface and margins
and are symmetrically located at the base of the heart. The right
atrium is somewhat larger than the left. The right atrioventric-
ular (AV) valve is a single muscular flap and is not membra-
nous. The right ventricular free wall wraps around the heart
from the caudal right lateral aspect of the heart to the cranial
ventral surface of the heart. The wall of the right ventricle is
approximately one-third to one-half the thickness of the inter-
ventricular septum and the free wall of the ventricle. This ratio,
however, varies to some degree with the species, between indi-
viduals within species, and also varies depending on what level
of the heart the measurements are taken.

The pulmonary and aortic values are essentially the same as
those found in mammals. The left AV valve is membranous but is
a continuous sheet and does not have clearly defined cusps. The
valve is connected to papillary muscles by chordae tendineae.
The brachiocephalic trunks immediately branch off the aorta as
it leaves the heart. The first arteries to leave the brachiocephalic
trunks are the carotids, which are relatively thin walled and nar-
row. The aorta arches to the right in the bird, as opposed to
the left in mammals. Birds have a larger heart compared with
body mass than do mammals. Myocytes have a smaller diame-
ter (approximately one-fifth to one-tenth) than those found in
mammalian hearts and a more rapid depolarization leading to
a faster heart rate and relatively greater cardiac output. Purkinje
fibers of the conduction system are relatively large as compared
to those found in mammals.

Congenital anomalies

Most of the literature on avian heart anomalies concern chick-
ens. Congenital lesions in pet birds are rarely described.
Ventricular septal defects appear to be relatively common in

umbrella cockatoos, and one of the authors (D.N.P.) has also
seen them in cockatiels and an African grey parrot. The defects
between the ventricles are typically 1–3 mm in diameter and
are located in the interventricular septum just below the pul-
monary and aortic valves (Fig. 1.1). Right- and left-sided heart
failure typically develops in these birds between 1 and 3 years of
age. Dilation of both ventricles is common, and the pulmonary
veins are markedly distended (Fig. 1.2). Perihepatic effusion and
cirrhosis of the liver with dilation of the hepatic veins may be
present secondary to right-heart failure. Interventricular septal
defects have also been associated with a truncus ateriosis in an
umbrella cockatoo and aortic hypoplasia in a Moluccan cocka-
too (Cacatua moluccensis).

Congenital aneurysms of the left ventricle are uncommon.
One of us (D.N.P.) has seen several of these in cockatiels. All
were small, typically 2–4 mm in diameter. A large left ventric-
ular aneurysm (2 cm in diameter) was found in a mature blue
and gold macaw. All of these emanate from the apex of the heart.
There was no other evidence of heart disease in these birds and
the lesion was not thought to impact the heart function.

An epicardial keratinaceous cyst presented as a yellow nodule
containing caseous material. Histologically it was lined by strat-
ified squamous epithelium, and the grossly noted material was
laminated keratin. Based on the gross appearance, the differen-
tial diagnosis for this type of lesion would be an abscess. We have
seen an African grey parrot with a focus of capillary proliferation
in the myocardium (Fig. 1.3) that was considered to be congen-
ital telangiectasis or possibly an example of a hamartoma.

In chickens, cardiac anomalies are thought to be associated
with stress during organogenesis, including increased temper-
ature and hypoxia. Vitamin deficiencies may also be responsi-
ble for these malformations in chickens. Aortic anomalies are
reported in chickens and have been associated with excessively
high or low humidity during incubation. Given that ventricular
septal defects are seen most frequently in umbrella cockatoos, a
genetic defect may be to blame for this anomaly in this species.

Pericardial disease

Pericardial lesions can be a manifestation of infectious, nonin-
fectious, or neoplastic diseases.
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Figure 1.1 Interventricular septal defect (arrowhead).

Figure 1.2 Marked distension of pulmonary veins (arrows) secondary to
right-sided and left-sided failure in a bird with an interventricular septal
defect.

Infectious disease
Infectious disease of the pericardium can be localized to the
pericardium or may be just one manifestation of a systemic dis-
ease. A variety of organisms have been found to cause peri-
carditis, including numerous bacteria, including members of the

Figure 1.3 Congenital myocardial lesion comprised of irregular, dilated
vascular channels.

Figure 1.4 Epicarditis and pericarditis due to a systemic infection by
Chlamydia. Grossly differential diagnoses include a variety of bacterial
infections.

Enterobacteriaceae, Mycobacteria, and Chlamydia psittaci, fungi
and, occasionally, avian polyomavirus.

Pericarditis causes the pericardium to be variably thickened
and gray to yellow-white, with red foci seen occasionally. The
pericardium may have a shaggy appearance. In less severe cases,
multifocal plaques are seen. There may be adhesions to the epi-
cardium (Fig. 1.4). Pericardial fluid is increased, gray-yellow,
and cloudy and may be flocculent. Histologically, bacterial and
fungal infections cause edema, fibrin deposition, and an ini-
tial purulent response containing numerous heterophils and
macrophages. Relatively more lymphocytes and plasma cells
may be found in fungal infections. The pericardium may be
adhered to the epicardium (Fig. 1.5).

With chronicity, there can be abscess formation. Macrophages
and possibly giant cells as well as a more pleocellular response
surround a central necrotic area. In both acute and chronic
conditions, specificity depends on finding organisms that may
be present.

Figure 1.5 Chronic pericarditis/epicarditis. Note the diffuse inflammatory
reaction and adherence of the pericardial tissue to the epicardium.
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Figure 1.6 Severe pericardial and epicardial urate deposition. The lesion
must be differentiated from infection.

Mycobacterial infections usually present grossly as large irreg-
ular masses that can mimic neoplasia. They are relatively firm,
gray-white, and most often near the heart base. Early mycobacte-
rial infections elicit a response of heterophils and macrophages.
Organisms may be present infrequently. In advanced mycobac-
terial disease, the response will be primarily large macrophages
with abundant light basophilic cytoplasm. Organisms can be
seen within the cytoplasm with acid-fast stains.

Noninfectious disease
The pericardium is a common site of visceral urate deposi-
tion (gout). Grossly the lesion can be similar to an infectious
pericarditis, with a thickened membrane containing gray-white
plaques. However, pericardial thickenings associated with gout
are typically white, smooth, and shiny as opposed to the yellow-
ish, roughened, and dull exudates seen in infectious conditions.
Flocculent material, along with an excess of turbid fluid, may be
present in the pericardial sac (Fig. 1.6).

Histologically, urates may be crystalline or amorphous and
are lightly basophilic on hematoxylin-eosin stains. Although
the crystals dissolve in formalin, the remaining characteristic
needle-shaped spaces can be found in most cases. Alcohol fix-
ation and special staining can be used if there is any doubt that
the lesion is gout. Depending on the duration of the urate depo-
sition, there will be an inflammatory response comprised pri-
marily of heterophils. Focal necrosis may also be seen.

Neoplastic disease
In mammals, sarcomas and mesothelioma have been reported
in the pericardium. Primary pericardial tumors are not docu-
mented in pet birds, and we have not seen any examples of them.

Pericardial effusion
Effusion may accompany primary heart and pericardial dis-
eases, as already discussed, and may be a part of systemic

Figure 1.7 A large amount of partially coagulated proteinaceous fluid in
the pericardial sac leading to cardiac tamponade. The fluid accumulation
can be due to a number of causes.

problems, including anything leading to right-sided heart fail-
ure or hypoproteinemia. Effusions may be transudates, modified
transudates, exudates, or hemorrhage. The gross appearance will
depend on the composition of the fluid. Within several hours
of death, high-protein effusions will often become gel-like. In
some instances the amount of pericardial fluid may be massive
(Fig. 1.7).

Heart disease

Diseases of the heart can be divided into traumatic inflamma-
tory, noninflammatory, and neoplastic. Infectious disease can be
further divided into viral, bacterial, mycobacterial, fungal, and
protozoal infections. Most diseases of the heart are confined to
the myocardium, but, less commonly, lesions can also be seen in
the epicardium and endocardium.

Trauma
Traumatic injuries to the heart are rare in cage birds, but
extremely common in wild birds. Bruising of the myocardium
is very common in birds that have been hit by cars or have had
other blunt force trauma. Infrequently an atrium will be rup-
tured as the result of a proximal oblique coracoid fracture. Atrial
rupture generally leads to a fatal bleed.

Infectious disease
Several viruses are known to cause myocardial lesions in pet
birds. Polyomavirus is seen in a variety of psittacine birds and
can also cause heart disease in finches. In budgerigars, gross
lesions include hydropericardium, cardiomegaly, and hemor-
rhage. The myocardium may have patchy pale areas. Histolog-
ically there is coagulative myofiber necrosis and variable non-
suppurative inflammation and hemorrhage. There may be kary-
omegaly of myocyte nuclei, with margination of chromatin and
inclusion body formation. Polyomavirus inclusions are usually
pale or almost clear, or granular and basophilic.
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Figure 1.8 Polyomavirus infection causing patchy epicardial and
myocardial hemorrhage.

In nonbudgerigar psittacines, gross and histologic lesions vary
somewhat from those seen in budgerigars (Figs. 1.8, 1.9, 1.10,
and 1.11). Hemorrhage is a much more prominent feature of this
disease and can be seen in subcutaneous tissues and serosal sur-
faces. Petechial and ecchymotic hemorrhages are often present
on the surface of the epicardium. As the result of blood loss, birds
are very pale and their muscles exhibit an unusual orange hue. If
there is an inflammatory reaction, it is primarily lymphoplasma-
cytic. In finches, necrosis, inflammation, and inclusion bodies
have been reported.

Avian Bornavirus infection resulting in proventricular dilata-
tion disease affects a wide variety of psittacine and nonpsittacine
birds, and heart lesions are relatively common. Grossly there
may be slight dilatation of the ventricles, and occasional pale
foci and streaks are seen (Fig. 1.12). Histologically, multifocal

Figure 1.9 Focus of epicardial and myocardial hemorrhage in a bird with
polyomavirus infection.

Figure 1.10 Severe myocardial degeneration and hemorrhage due to
polyomavirus infection.

Figure 1.11 Nonsuppurative myocarditis in a bird with polyomavirus
infection. Inflammation is seen infrequently in the heart in this disease.

Figure 1.12 Foci of discoloration in the myocardium and asymmetrical
dilatation of the ventricles of the heart of a bird with proventricular
dilatation disease (Bornavirus infection). A focus of agonal hemorrhage is
also seen, but hemorrhage is not a typical feature of this condition.
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Figure 1.13 Epicardial ganglioneuritis in a bird with proventricular
dilatation disease. A lymphoplasmacytic infiltrate is visible.

lymphoplasmacytic and histiocytic infiltrates are seen in nerve
ganglia (Fig. 1.13) and in the epicardium and myocardium, par-
ticularly near cardiac conduction fibers (Fig. 1.14). The conduc-
tion system may be involved, and, when severe, these lesions may
cause the bird to die suddenly. Myocyte necrosis and, less com-
monly, fibrosis are seen.

Togavirus (eastern equine encephalomyelitis) is thought to
be the etiologic agent of a disease described as avian viral
serositis. Heart lesions in this disease include a fibrinous gray-
yellow epicarditis. There may also be excessive cloudy pericar-
dial fluid. Histologic lesions include the infiltration of lympho-
cytes, plasma cells, and histiocytes. Inclusion bodies are not seen,
but ultrastructurally viral nucleocapsids are noted near cytoplas-
mic and intracytoplasmic membranes.

There is one report of a parvoviral myocarditis in canaries.
A nonsuppurative myocarditis and viral particles were seen on
electron microscopy. Myocardial necrosis is reported in systemic

Figure 1.14 Lymphoplasmacytic inflammation in cardiac conduction
fibers in a bird with proventricular dilatation disease.

Figure 1.15 Severe chronic epicarditis in a pigeon with systemic
salmonellosis. Nearly identical lesions can be caused by fungal infections
and other bacterial infections.

poxvirus infection but this is uncommon. The diagnostic fea-
tures of the disease involve other organ systems. Myocarditis
has been seen in cases of West Nile Virus infection. Grossly
there may be gray-white foci and histologically a nonsuppura-
tive myocarditis is present.

Bacterial infection of the heart can result in endocardi-
tis, including valvular endocarditis, myocarditis, or epicarditis
(Fig. 1.15), although in most cases at least two areas are affected.
Bacterial heart disease may be the result of hematogenous spread
of infection or direct extension from air sacs or adjacent tissues.

Primary gross changes in myocarditis are multifocal to
confluent yellow-white foci (Fig. 1.16) that extend into the
myocardium when sectioned. In advanced cases, large yellow
nodules may be seen and must be differentiated from other types
of infectious disease and neoplasia. Endocarditis may involve the
wall and/or valves. Lesions are usually friable and vary from red-
gray to yellow. Lesions may be seen on the chordae tendineae.

Figure 1.16 Severe bacterial myocarditis.
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Figure 1.17 Bacterial myocarditis. Bacterial colonies are present in necrotic
foci. A pleocellular inflammatory infiltrate is seen.

Valvular endocarditis is relatively rare, and, in our experience,
the left AV valve is generally the only valve affected.

Histologically, bacterial infections vary with age. In early
infections, there is acute necrosis and heterophilic reaction,
and organisms may be seen (Fig. 1.17). As the lesion becomes
more chronic, necrotic foci become surrounded by increasing
numbers of macrophages, plasma cells, lymphocytes, and giant
cells (Fig. 1.18). Organisms are usually seen in the center of
these lesions. In endocardial lesions, in particular, fibrosis may
occur as mural thrombi are organized. In cases of endocarditis,
septic emboli may form, leading to disseminated infection in
any other organ.

Mycobacterial infections are usually secondary to hematoge-
nous dissemination or extension from cervical or thoracic air
sacs. They usually involve the aorta or pericardium at the base
of the heart and have been previously described. If there is
myocardial extension, the lesion is similar grossly and histolog-
ically to those seen in the pericardium (Fig. 1.19).

Figure 1.18 Severe valvular endocarditis. Large numbers of bacteria and a
chronic-active inflammatory response are seen.

Figure 1.19 Mycobacterial infection of the myocardium. Numerous large
macrophages are infiltrating the area. Granular material in the macrophage
cytoplasm represents bacterial organisms.

We have occasionally seen myocarditis due to an intracel-
lular bacteria that seems to be unique and unclassified. It is a
Gram negative organism that has some morphologic features
similar to Helicobacter sp. and also the organism called epithe-
liocystis in fish. There was no gross lesion seen. Histologically
there was minimal inflammation and scattered myofibers con-
tained small basophilic structures (Fig. 1.20). Ultrastructurally
the organisms were within cytoplasmic vacuoles in degenerative
myocytes. The organism has an undulating outer membrane,
and a nucleoid with dense central masses and occasionally polar
flagella (Figs. 1.21 and 1.22). The degree of inflammation asso-
ciated with this infection can vary from little to moderate.

Mycotic infections of the heart are infrequent and usually the
result of disease extension from air sacs. They usually involve
the epicardium and superficial myocardium. Gross lesions
are nodular or diffuse, gray-white, and friable (Fig. 1.23). If the
fungal infection extends from an adjacent air sac, the fungus will
sometimes produce conidia, giving the fungal plaque a green

Figure 1.20 Myocarditis due to an unclassified intracellular bacterium.
Note small organisms with myocardial fibers (arrows).
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Figure 1.21 Unclassified intracellular organisms from Fig. 1.20.
Ultrastructurally the organisms are within cytoplasmic vacuoles in
degenerative myocytes.

Figure 1.22 The organism has an undulating outer membrane, and a
nucleoid with dense central masses and occasionally polar flagella.

Figure 1.23 A large granuloma due to infection by Aspergillus sp. involving
the atria and base of the large arteries. The lesion is not grossly specific, but
should be suspected when more classical lesions of Aspergillosis are seen.

or black color. Histologically the lesions are similar to bacterial
infections, with a pleocellular exudate whose character depends
on chronicity. Fungal hyphae must be found for an exact diag-
nosis. Aspergillus is the most common organism involved, but
a specific etiologic diagnosis requires that the organism be cul-
tured or identified by molecular techniques.

Disseminated infection by Aspergillus sp., other mycelia fungi,
and Candida sp. can develop in immunocompromised hosts,
resulting in hematogenous dissemination to the heart. These
lesions are grossly similar to bacterial infections of the heart,
but fungal organisms are seen in necrotic foci. The inflamma-
tory response is variable and involves both granulocytes and
mononuclear cells.

Protozoal myocarditis is seen in some cases of systemic infec-
tion by Sarcocystis sp. Sarcocystis falcatula is a common cause
due to the wide range of the definitive host, the Virginia opos-
sum. The disease in most New World psittacine birds (macaws
and conures) is usually subclinical, and the only evidence of
infection is the incidental histologic finding of protozoal cysts
in the myocardium at necropsy. Old World psittacine birds
and some Amazon parrots have an acute disease with pneu-
monia and widespread dissemination of the organisms. Gross
myocardial lesions are often not seen, but small white foci and
streaks may be present in severe cases. Histologically there is
a spectrum of myofiber necrosis, hemorrhage, and an inflam-
matory response comprised of lymphocytes, plasma cells, and
macrophages. Newly formed cysts may be found (Fig. 1.24).
Along with the brain and the lung, the heart is one of the com-
mon organs targeted by Toxoplasma gondii infections in birds.
Bradyzoites and tachyzoites can be found in muscle fibers asso-
ciated with inflammation (Fig. 1.25) similar to that caused by
S. falcatula. In some instances inflammatory changes are seen
but organisms are not found in the heart. Infections in cage birds
are relatively rare but occur worldwide. Infections in poultry are
common but rarely cause disease. Infections in wild birds are
common, but the number of infections that result in disease is
generally small.
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Figure 1.24 Multiple cysts of Sarcocystis sp. in the myocardium.
Inflammation is usually not seen.

Filarid nematodes are an occasional necropsy finding in wild-
caught cockatoos and occasionally other species and are par-
ticularly common in wild-caught African storks. These 1.5-cm
white worms may be found in the right heart or in other ves-
sels (Fig. 1.26). Histologically, adult nematodes may be found
in hepatic and renal veins, and microfilaria are seen intravascu-
larly throughout the body. In addition, focal endocardial hyper-
trophy and intimal hypertrophy of intramural vessels are noted.
The intimal changes may be due to partial blood flow blockage
by adults or a large number of microfilaria. Rarely, microfilaria
are associated with embolic disease (Fig. 1.27).

Noninfectious disease
Inflammatory disease
Deposition of urates in the epicardium or occasionally
myocardium results in grossly noted white-gray foci or
streaks. Similar material may be seen in the pericardial fluid.

Figure 1.25 Myocardial necrosis and chronic inflammation associated with
aggregates of Toxoplasma organisms (arrows).

Figure 1.26 Filarid worms in a hepatic portal vein.

Histologically the urates can be crystalline or amorphous and
may elicit an inflammatory reaction comprised primarily of
heterophils, although urate deposition without inflammation is
also seen.

Nonseptic valvular endocarditis with formation of nodules
and accumulation of inflammatory cells and fibrin has been seen
as a secondary condition in cases of severe frostbite.

Inflammatory disease of undetermined etiology
Nonsuppurative myocarditis with no obvious cause occurs spo-
radically in birds. The possibility of autoimmune or immune-
mediated disease should be considered in these cases even
though not documented. It is known that certain peptides pro-
duced by Chlamydia mimic murine heart muscle-specific alpha-
myosin heavy chains that can lead to nonsuppurative perivas-
cular inflammation of the heart of mice. Since pet birds have a

Figure 1.27 Microfilaria in a pulmonary thrombus.
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Figure 1.28 Serous atrophy of fat at the base of the heart. This change is
consistent with a recent or longer term negative energy balance.

moderate incidence of chlamydial infection, perhaps the same
mechanism that is seen in mice may be operational in birds.

Noninflammatory disease
Serous atrophy of fat
In cachectic birds, fat in the coronary grooves and epicardium
may appear clear and watery as well as being reduced in amount
(Fig. 1.28). Histologically adipocytes are small, and proteina-
ceous fluid may be present. Loss of heart fat is one of the first
changes in birds experiencing a negative calorie balance, and it
may even precede pectoral muscle atrophy.

Mineralization
Deposition of mineral may occur for several reasons, including
dietary calcium/phosphorous imbalance, renal disease, and vita-
min D3 toxicity. It may also occur with excessive egg laying, but
the pathogenesis is unclear. Mineral can be deposited in areas of
myocarditis or myofiber necrosis of any etiology.

Grossly there are gray-white streaks and patches in the peri-
cardium, epicardium, and/or myocardium. Gross differentia-
tion from urates may not be possible, and both may be present
in some cases. A spectrum of histologic changes can be seen,
depending on the duration of the lesion. Evidence of primary
inflammation or degeneration can coexist with myofibers con-
taining a fine basophilic stippling along the cross striations.
In some areas, there may be almost complete effacement of
myofibers by mineral (Figs. 1.29 and 1.30).

Fat infiltration
Epicardial fat with some infiltration into the myocardium can be
seen in birds and is not considered significant. It can, however,
be excessive, and excessive fat is usually associated with obesity.
Grossly the fat appears normal, but histologically there can be
deep infiltration of the myocardium. Excessive amounts of fat

Figure 1.29 Multiple foci of myofiber mineralization in a bird with vitamin
E deficiency.

may be a factor in heart failure, and the condition is seen in birds
that die suddenly with no other morphologic change to explain
death (Fig. 1.31).

Fibrosis
Fibrosis can occur after any insult to the heart that does not
result in the immediate death of the bird (Fig. 1.32). Myocardial
fibrosis is reported to occur in birds with atherosclerosis even
though there is not necessarily coronary artery disease.

Lipofuscin
This is an intralysosomal pigment associated with excessive oxi-
dation and polymerization of unsaturated fatty acids. It may
accumulate in cells, including cardiac myocytes, secondary to
a variety of disease processes. Although usually indicating ema-
ciation or chronic disease, it is sometimes seen in young birds
with acute clinical disease, possibly indicating a more chronic
process than was expected. It is usually considered an inci-
dental necropsy finding. If severe, the myocardium may have

Figure 1.30 Myofiber necrosis and mineralization as a part of systemic
changes in vitamin D toxicity.
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Figure 1.31 Severe myocardial fatty change probably associated with
long-term feeding of a high-fat diet.

a brown discoloration. Microscopically, fine yellow-brown pig-
ment is seen, primarily near the nucleus, but more diffuse in
severe cases. One form of lipofuscin, ceroid, may occur in vita-
min E deficiency.

Cardiomyopathy
Three forms of cardiomyopathy are described in mammals:
hypertrophic, dilated, and restrictive. We have seen examples
of the first two in pet birds. In both cases, the diagnosis is
usually made on gross examination. Hypertrophic cardiomy-
opathy is characterized by ventricular thickening that leads to
a diminution in ventricular volume. Dilated cardiomyopathy
presents usually as a left-sided problem, with the left ventri-
cle thin and flabby. In both cases, there may be no histologic
change noted without quantitative morphometry and compari-
son to an age- and sex-matched bird of the same species. In some

Figure 1.32 Mineralization, fibrosis, and fatty degeneration in a pigeon’s
heart. The cause of this lesion is not known, but may be the result of
vascular disease resulting in ischemia.

Figure 1.33 Myocardial degeneration due to vitamin E deficiency. Pale
streaks and foci extend into the myocardium and on the epicardial and
endocardial surfaces (arrows).

cases of dilated cardiomyopathy, the myofibers may appear obvi-
ously thin, with loss of sarcoplasmic detail, and, in some chronic
cases, there has been evidence of fibroplasia, possibly indicat-
ing a previous insult. Restrictive cardiomyopathy is character-
ized by endocardial disease and fibrosis and could theoretically
follow a variety of endocardial diseases, but we have not seen
well-documented cases in pet birds.

Myocardial degeneration
This may be the result of a vitamin E and/or selenium defi-
ciency, vascular problems, and some toxicities. In many pet bird
cases, the exact underlying problem is not determined. The gross
appearance of an affected heart varies from having white streaks
and patches to large pale areas (Fig. 1.33). In some chronic cases,
the foci may appear as depressed areas. If there has been miner-
alization, affected areas are gritty when cut. Hydropericardium
may be present.

Early histologic changes include contraction band formation,
cross-striation loss, swelling, and hyalinization (Fig. 1.34). With
progression, there is granulation, necrosis, and segmental frag-
mentation of myofibers. Microscopic mineralization may be
seen, and, in chronic lesions, myofiber shrinkage and fibrous
connective tissue proliferation are noted. No appreciable inflam-
matory response is seen (Fig. 1.35).

Myocardial degeneration is a prominent feature of a fatal dis-
ease of great-billed parrots. Also affected are the white matter
and Purkinje cells of the cerebellum and skeletal muscles. The
etiology is not known, but the lesions closely resemble those seen
in poultry with vitamin E deficiency.

Endocardiosis
Noninflammatory swelling of true heart valves occurs occa-
sionally. The cause is usually not determined. Affected valves
are grossly swollen and usually smooth and firm. Histologically
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Figure 1.34 Contraction band formation and early myofiber
fragmentation.

there may be hemorrhage, fibrous tissue proliferation, deposi-
tion of mucinous material, and cartilaginous metaplasia. Myx-
omatous degeneration of the left AV valve has been reported in
an Indian ring-necked parakeet resulting in heart failure.

Heterotopic bone
This is seen sporadically in the myocardium. Its cause is usually
not determined. Grossly the myocardium may feel gritty and his-
tologically there is well-differentiated bone (Fig. 1.36).

Myocardial toxicity

Although a variety of drugs and chemicals are potentially car-
diotoxic in birds, there are very few documented cases. Natu-
ral and experimental poisoning by avocados is seen in ostriches,
canaries, cockatiels, and budgerigars. Gross lesions include
subcutaneous edema and hydropericardium. Histologic lesions
include myofiber degeneration and variable inflammation.

Figure 1.35 Necrosis of myofibers and severe mineralization in chronic
nutritional myodegeneration.

Figure 1.36 Diffuse production of heterotopic bone in the atrium of the
heart.

Heterophils are seen in affected ostriches, but the lesion
in canaries is characterized by nonsuppurative inflammation
(Fig. 1.37). The toxic principle has not been determined.

Proliferative disease of the myocardium

Hypertrophy
Hypertrophic cardiomyopathy as a specific condition has
already been discussed. Sporadic cases of myofiber hypertro-
phy are seen secondarily as compensatory responses to condi-
tions that lead to an increased preload. These changes include
pulmonary disease, vascular disease (especially atherosclero-
sis), congenital anomalies, and possibly chronic renal dis-
ease. Grossly the affected portion of myocardium is thick-
ened and the lumen of the affected ventricle(s) is reduced.
Histologically myofibers may appear to be normal, and without

Figure 1.37 Myodegeneration, sarcolemmal proliferation, and
nonsuppurative inflammation in a bird with avocado toxicity.
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quantitative morphometry change can be difficult to discern. In
more advanced cases, fibers may be thickened and lose their typ-
ical parallel appearance, and their nuclei may be enlarged.

Neoplastic disease
Several types of tumor are seen in the heart of birds. Rhab-
domyoma or rhabdomyosarcoma is usually pale and firm grossly
and may be multiple. Microscopically, strap and fusiform cells
and cross striations are seen in routine sections of benign
tumors. Sarcomas contain cells that may be fusiform, stellate,
or strap-like, and cross striations are usually not present with
hematoxylin-eosin-stained sections. Immunohistochemistry is
often needed to prove the tumor is of striated muscle origin. Cell
nuclei are enlarged and vesicular and may be multilobulated.
Giant cells are often present. Rhabdomyosarcomas are infiltra-
tive into surrounding myocardium.

Hemangiomas and hemangiosarcomas are found in the
myocardium as red-black masses that may be friable and bleed
easily. Histologically, benign tumors are comprised of well-
differentiated vascular channels. Although histologically benign,
these lesions interfere with normal cardiac function and do not
have a benign behavior. Sarcomas are less well differentiated and
may contain vascular channels lined by poorly defined endothe-
lium, as well as solid foci.

We have seen primary fibrosarcomas of the myocardium.
These tumors present as firm gray-white masses comprised of
interlacing bundles and whorls of fibroblasts. Mitotic figures are
typically abundant (Fig. 1.38).

Lymphosarcoma may involve the myocardium alone, or the
heart may be involved as part of a generalized disease. Grossly
the tumor is yellow-white or gray and may be diffuse or in
multiple masses. Histologically lymphosarcoma is comprised of
moderately undifferentiated pleomorphic lymphoid cells with
variable mitotic activity (Fig. 1.39). They form infiltrative sheets
in the myocardium. Occasionally, varieties appear to be primar-
ily histiocytic (Fig. 1.40). The tumors caused by Marek’s disease
in chickens commonly infiltrate the heart (Fig. 1.41).

Figure 1.38 Fibrosarcoma replacing myofibers of the ventricle.

Figure 1.39 Lymphosarcoma infiltrating and effacing the myocardium.

Figure 1.40 Myocardial histiocytosis. Compare the cell morphology with
Figure 1.38.

Figure 1.41 Marek’s disease in a chicken. Neoplastic lymphocytes are seen
infiltrating between muscle bundles.
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Malignant melanoma may be found in the avian heart and
is usually metastatic. These tumors are brown-black and may
be multiple. Microscopically, poorly differentiated melanocytic
cells form nests and sheets within the myocardium. Other
metastatic tumors are rarely seen in the avian heart, but we
have noted metastatic proventricular carcinoma in the epicar-
dial lymphatics in a few birds.

The morphology of heart failure

A variety of conditions have been described that lead to heart
lesions and subsequent death in birds. In addition, there have
been many cases of pet birds whose presenting clinical sign
was sudden death. In many of these cases, there is no gross or
microscopic lesion. Sudden cardiac failure may be the under-
lying cause in many of these cases, and a careful and complete
necropsy, as well as an investigation into the environment and
husbandry of the bird, may be necessary to try and reach a con-
clusion as to possible cause.

The mechanism leading to acute cardiac death in any animal
is often the creation of ventricular fibrillation or asystole. Factors
influencing fibrillation include a long QT interval, hypokalemia,
acidosis, imbalance in sympathetic/parasympathetic stimula-
tion with a sympathetic dominance, and emotion. With sympa-
thetic dominance, there is an exaggerated catecholamine reac-
tion, reduced oxygen supply to the myocardium, and muscle
spasm. The cardiac conduction system is described as anaerobic,
with every cell functioning in an all-or-nothing capacity. Only a
few cells are required for functioning, and problems can persist
for some time until some insult leads cardiac failure. In chick-
ens and turkeys, abnormal calcium regulation plays a part in the
pathophysiology of heart failure. Although studies have not been
done in pet birds, the mechanism may be similar.

Internal factors to consider in evaluating possible acute heart
failure include disease in almost any other organ. In particu-
lar, there may be a relationship between the adrenal gland and
the heart that leads to sudden death. With stress, there is an
increase in interrenal cell (avian analog of cortical cells) hor-
mone production that increases target organ sensitivity to the
beta-adrenergic effects of epinephrine, leading to cardiotoxicity.

External factors may be obvious, such as a high-fat or other
improper diet leading to obvious heart lesions. Less obvious is
the possibility of the water supply being artificially softened,
possibly causing electrolyte (potassium and magnesium) imbal-
ances. In humans, soft water is apparently associated with car-
diac problems. Although not documented in birds, evaluation of
the water supply could be considered in ruling out unexplained
sudden death.

The oculocardiac reflex results from pressure on or within
the eyeball or stretching of ocular muscles. This results in a
trigeminovagal reflex that leads to slowing of sinus rhythm and
decreased conduction and contractility. This reflex has caused
sudden cardiac failure in a pet bird.

Nonspecific stress is difficult to quantify and may be of differ-
ent types and intensity. It is a factor in birds, particularly those
in large aviary situations. Physical stress may be suspected if
the owner is a good observer, but the possibility of mental or
emotional stress as documented in humans is difficult to affirm.
If environmental conditions include overcrowding, noise, and
species/size mixture, some of the birds may certainly become
stressed and die suddenly of no apparent cause.

In growing chickens there is a condition called sudden death
syndrome (SDS). Affected chickens die suddenly and there is
no apparent cause. Although the pathogenesis is not completely
understood, some of the birds may have a predisposition to
arrhythmia that leads to death. In some chickens there have been
degenerative changes in cardiac myocytes and Purkinje cells.

Vascular disease

Inflammatory disease
Arteritis, phlebitis, and lymphangitis are infrequently encoun-
tered in pet birds. Bacterial infections can result in associated
vasculitis in any organ. Histologically there is necrosis of the
vessel wall and a response comprised primarily of heterophils.
Microorganisms may or may not be present.

Mycobacterial arteritis is seen associated with lesions involv-
ing the pericardium and base of the heart. Lesions are simi-
lar to those that are seen in other parts of the heart (Figs. 1.42
and 1.43).

Fungi, such as Aspergillus sp., commonly invade the vascula-
ture, resulting in the wide dissemination of fungal emboli that
can cause vasculitis within any organ. In addition to necrosis
and a pleocellular inflammatory infiltrate involving the vessel
wall, organisms are usually present in the lumen and wall of the
involved vessel or vessels.

Although not common in pet birds, paramyxovirus 1 (PMV-
1) and togavirus (western equine encephalo-myelitis or WEE)

Figure 1.42 Chronic aortitis due to Mycobacteria sp. There is a large
granuloma involving the wall of the aorta. Note the similarity of the lesion
to that due to Aspergillus infection (Fig. 1.24).
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Figure 1.43 Acid-fast stain of diffuse infiltration of the artery wall by large
macrophages containing acid-fast bacteria in a bird with mycobacteriosis.

can cause vasculitis. Grossly, in both infections, there will be
hemorrhages, particularly in the serosa of the gastrointestinal
tract. Histologically, vascular lesions of both infections are sim-
ilar. Hemorrhage and edema are associated with hyalinization
and degeneration of blood vessel walls, endothelial necrosis,
possible thrombosis, and a variable mononuclear inflammatory
infiltrate (Fig. 1.44).

Noninflammatory disease
Aneurysmal dilatation of blood vessels is not common in
pet birds (Fig. 1.45). Occasional uncomplicated aneurysms are
noted as variably sized dilatations in arteries. Histologically they
are characterized by attenuation of the media, and there is usu-
ally no indication as to underlying cause, but they may be asso-
ciated with atherosclerotic plaques.

Dissecting aneurysm is found in many avian species but
is most often seen in the turkey and occasionally seen in
the ostrich. These lesions are usually considered to be asso-
ciated with a copper deficiency. A copper-dependent enzyme,
lysly oxidase, is needed for connective tissue cross-linking of

Figure 1.44 Vasculitis and degeneration of the vessel wall due to Togavirus
infection.

Figure 1.45 Separation of the aortic wall in a dissecting aneurysm.
Original lumnen (B) and wall dissection (A).

collagen and elastin in artery walls. Aneurysms begin with
necrosis of elastin and arterial smooth muscle in the media, with
subsequent hemorrhage and longitudinal dissection within the
artery. Grossly there is dilatation and hemorrhage, and, on sec-
tion, the dissecting band of hemorrhage is noticeable. Affected
arteries may rupture (Figs. 1.46 and 1.47), with hemorrhage and
clots noted in adjacent tissue and spaces. Thrombosis may also
be present. Microscopically there is elastic tissue necrosis, acid
mucopolysaccharide material deposition, hemorrhage, and vari-
able inflammation that separate the arterial media.

Atherosclerosis
Atherosclerosis is perhaps the most common vascular lesion
seen in parrots, especially aging populations of parrots. It can
be found in any species of parrot and has been reported in many
other species of birds. It is seen most often in Amazon parrots,
particularly the blue-front Amazon parrot, African grey parrots,
cockatiels, cockatoos, and macaws. It is also our experience that
eclectus parrots are likely to develop atherosclerosis. Birds can be
of any age, but most are 8 or more years old and many are more

Figure 1.46 Ruptured aortic aneurysm with associated severe hemorrhage.



Chapter 1: Cardiovascular System 15

Figure 1.47 Rupture of the aortic wall. This is often the sequella of a
dissecting aneurysm.

than 15 years old. The severity of lesions appears to increase dra-
matically in birds aged 20–30 years old. The prevalence of dis-
ease is very similar between sexes, but female birds may be more
prone to develop severe lesions. Birds may die suddenly and be
in excellent condition or be obese. Less commonly, atherosclero-
sis may cause a chronic disease that results in a loss of condition.
Often there is a history of birds going through periods of a loss
of awareness of their surroundings in the days or weeks prior to
their death. Many birds have a history of being fed a diet rich
in fat.

Lesions can be found in the aorta, brachiocephalic trunks, and
pectoral and carotid arteries up to the level of the thyroids. Pul-
monary arteries may also be involved but less commonly. Aor-
tic lesions predominate in the ascending aorta and are uncom-
mon in the descending aorta. Atherosclerosis of the coronary
arteries is rare. Grossly the affected arterial wall is variably thick-
ened and yellow (Fig. 1.48) and contains roughened yellow inti-
mal plaques. Grading scales for atherosclerotic lesions have been

Figure 1.48 Typical atherosclerosis. The aorta, brachiocephalic arteries,
and carotid arteries are rich yellow colored and are thickened.

Figure 1.49 Early atherosclerotic lesion with foam cell and cholesterol cleft
formation.

extensively investigated and two have been developed. They are
similar but not identical. Readers are referred to references by
Beaufrère et al. and Fricke et al. for more detailed descriptions of
these grading schemes. Microscopically the appearance of these
plaques depends on the chronicity of the condition. Early lesions
are characterized by fragmentation of the elastica and cell prolif-
eration, and the deposition of extracellular substances resulting
in thickening of the media. At approximately at the same time,
fat-filled macrophages (foam cells) can be seen in the intima
accompanied by an increase in extracellular matrix (Fig. 1.49).
As the lesions progress, the number of foam cells increases, and
as these cells die, there is the development of extracellular lipid
that can include cholesterol clefts. Advanced lesions bulge into
the lumen of the artery, have marked disruption of elastic layers,
and form a fibrous cap. Fibrous changes continue in as the lesions
mature, the atheroma is highly fibrous, and may contain little
lipid. Mineralization also increases in the media of the diseased
artery as the lesions become more severe. Chrondocytes are
present in advanced lesions and may replace the smooth muscle
cells in large areas of the media. Again in advanced lesions, there
can be considerable narrowing of the vessel (Fig. 1.50). Micro-
hemorrhage occurs variably.

Many birds die because of a decreased blood supply to the
brain as a result of severe narrowing of the carotid arter-
ies. Infarction of the pectoral muscles occurs but is relatively
rare. Likewise, it is rare to see ischemic disease of the heart.
Atherosclerosis can lead to aneurysmal dilatation of the arter-
ies. More commonly, it causes increased arterial resistance that
affects the heart. Early changes in the heart include hypertrophy
of the left ventricle, followed by left ventricular dilation, dila-
tion of the left atria, right-heart dilation, and right-heart failure.
Right-heart failure causes congestion, atrophy, and subsequently
cirrhosis of the liver and is commonly accompanied by acites
(Fig. 1.51).

Medial hyperplasia of vessels of the heart, liver, lung, and kid-
ney have been associated with atherosclerotic changes in the
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Figure 1.50 Severe arterial thickening due to atherosclerosis. Note the early
chondroid metaplasia (A).

aorta and brachiocephalic trunks. Fibrosis of the myocardium
has also shown a positive correlation with the severity of
atherosclerosis of these vessels.

Mineralization
Mineralization of blood vessels with no other morphologic
change is seen in cases of severe renal failure, chronic dietary
imbalance of calcium and phosphorus, and vitamin D3 toxicity.
The change is typically in arteries or arterioles and can be found
in any organ or tissue. The only gross indication may be a gritty
feel to the tissue if the lesion is widespread or associated with
other soft tissue mineralization. In larger arteries, raised, firm,
irregular plaques may be seen that are usually gray-white and
may have a shiny appearance. Histologically, all or part of the
vessel wall may be affected (Fig. 1.52).

Figure 1.51 Left- and right-sided heart failure in a macaw with
atherosclerosis. The spaces between the liver and adjacent air sacs were
filled with a transudate. The liver is rounded and histologically was
undergoing cirrhosis.

Figure 1.52 Mineralization of the arteriolar wall associated with a
generalized problem due to chronic renal disease.

Amyloidosis
Among pet birds, amyloidosis is more common in the small
passerines species but can occasionally be seen in other birds.
Amyloid is deposited in a number of soft tissues and, in some
cases, is found in the walls of blood vessels. This condition is
usually not detected grossly. Histologically, affected vessels have
a thickened media that has an amorphous, smooth appearance
that is eosinophilic or amphophilic on hematoxylin-eosin stain.
As in mammals, it is birefringent when stained with Congo red
and viewed with polarized light (Fig. 1.53).

Thrombosis
Septic and nonseptic thrombi may be found in any tissue,
depending on their cause (Fig. 1.54). Septic thrombi are
often associated with valvular endocarditis, and bacteria may
be present. Fungal infection that involves blood vessels may
also lead to thrombi (Fig. 1.55). Secondary changes include
infarcts and infection/inflammation in the involved tissue. Bone

Figure 1.53 Amyloidosis of the arteriolar walls in the thyroid gland.
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Figure 1.54 Thrombosis of the jugular vein (arrows). This can be
associated with infectious or noninfectious causes.

marrow emboli are occasionally seen (Fig. 1.56), usually as inci-
dental findings that did not appear to be a proximate cause of
death.

Proliferative lesions
Vascular hamartomas have been found in the dermis/subcutis.
These are comprised of proliferating, fairly well-differentiated
vascular structures and are considered a malformation rather
than true neoplasia. Hemangioma and hemangiosarcoma can
occur in any organ but are most common in the skin and sub-
cutis. Hemangiomas are usually deep red or black and have
a smooth surface (Fig. 1.57). They are comprised of numer-
ous fairly regular vascular channels lined by well-differentiated
endothelium (Fig. 1.58). Occasionally, they are associated with
adipose tissue proliferation leading to a tumor that has been
called hemangiolipoma.

Hemangiosarcomas may be red-brown and have a roughened
appearance with indistinct borders (Fig. 1.59). They contain

Figure 1.55 Thrombosis of a pulmonary artery as the result of vascular
dissemination of an Aspergillus sp. infection. Arrows demonstrate fungal
hyphae present in the thrombus.

Figure 1.56 Bone marrow embolus with fat and vascular elements present.

Figure 1.57 Red-brown mass typical of cutaneous and subcutaneous
hemangioma (arrowhead).

Figure 1.58 Typical appearance of hemangioma. Well-differentiated
endothelial cells line the vascular channels.
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Figure 1.59 Hemangiosarcoma involving the skin and deeper tissues. The
borders of the tumor are irregular. Compare with Figure 1.54.

Figure 1.60 Poorly defined vascular channels and solid foci in
hemangiosarcoma.

Figure 1.61 Lymphangioma comprised of dilated lymphatic channels
containing proteinaceous material.

moderately undifferentiated or poorly differentiated endothe-
lium and irregular vascular channels, as well as solid foci
(Fig. 1.60).

Lymphangiomas are similar to hemangiomas, being lined by
fairly well-differentiated endothelial cells. No erythrocytes are
found in the channels, however (Fig. 1.61).

Additional reading

Bachmaier K, Neu N, de la Maza LM, et al. 1999. Chlamydia infec-
tions and heart disease linked through antigenic mimicry. Science
283:1335–1339.

Baptiste KE, Pyle RL, Robertson JL, et al. 1997. Dissecting aortic
aneurysm associated with a right ventricular arteriovenous shunt in
a mature ostrich. (Struthio camelus). J Avian Med Surg 11:194–200.

Beaufrère H, Nevarez JG, Holder K, et al. 2011. Characterization and
classification of psittacine atherosclerotic lesions by histopathol-
ogy, digital image analysis, transmission and scanning electron
microscopy. Avian Path 40(5):531–544.

Beaufrère H, Ammersbach M, Reavill DR, et al. 2013. Prevalence of and
risk factors associated with atherosclerosis in psittacine birds. J Am
Vet Med Assoc 242: 1696–1704.

Beehler BA, Montali RJ, and Bush M. 1980. Mitral valve insufficiency
with congestive heart failure in a pukeko. J Am Vet Med Assoc
177:934–937.

Burger WP, Naude TW, Venrensburg IBJ, et al. 1994. J S Afr Vet Assoc
65:113–118.

Carboni D, Nevarez J, Tully Jr. T, et al. 2008. West Nile virus infec-
tion in a sun conure (Aratinga solstitialis). J Avian Med Surg 22:240–
245.

Casartelli-Alvesa L, Boechata VC, Macedo-Coutoa R, et al. 2014.
Sensitivity and specificity of serological tests, histopathology and
immunohistochemistry for detection of Toxoplasma gondii infection
in domestic chickens. Vet Parasit 204:346–351.

Conrad AD, Consigli RA, and Conrad GW. 1993. Infection with the
avian polyomavirus, BFDV, selectively affects myofibril structure
in embryonic chick ventricle cardiomyocytes. J Exp Zool 267:253–
266.

Dubey JP. 2002. A review of toxoplasmosis in wild birds. Vet Parasit
106:121–153.

Duncan A and Fitzgerald SD. 1997. Clinical challenge. J Zoo Wildl Med
28:501–503.

Evans DE, Tully Jr. TN, Strickland KN, et al. 2001. Congenital cardiovas-
cular anomalies, including ventricular septal defects, in 2 cockatoos.
J Avian Med Surg 15(2):101–106.

Ferreira Jr. FC, Donatti RV, Marques MVR, et al. 2012. Fatal toxoplas-
mosis in a vinaceous Amazon parrot (Amazona vinacea). Avian Dis
56:774–777.

Freeman KP, Hahn KA, Adams WH, et al. 1999. Radiation therapy for
hemangiosarcoma in a budgerigar. J Avian Med Surg 13:40–44.

Fricke C, Volker Schmidt V, Kerstin Cramer K, et al. 2009. Character-
ization of atherosclerosis by histochemical and immunohistochemi-
cal methods in African grey parrots (Psittacus erithacus) and Amazon
parrots (Amazona spp.). Avian Dis 53(3):466–472.

Gaskin JM, Homer BL, and Eskelund DK. 1991. Preliminary findings in
avian viral serositis: A newly recognized syndrome of psittacine birds.
J Assoc Avian Vet 5:27–34.



Chapter 1: Cardiovascular System 19

Greenacre CB, Mann KA, Latimer KS, et al. 1993. Adult filarioid nema-
todes (Chandlerella sp.) from the right atrium and major veins of
a Ducorps’ cockatoo (Cacatua ducorpsii). J Assoc Avian Vet 7:135–
137.

Harari J and Miller D. 1983. Ventricular septal defect and bacterial
endocarditis in a whistling swan. J Am Vet Med Assoc 183:1296–
1297.

Hargis AM, Stauber E, Casteel S, et al. 1989. Avocado (Persea americana)
intoxication in caged birds. J Am Vet Med Assoc 194:64–66.

Helfer DH, Schmitz JA, Grumbein SL, et al. 1981. Myocarditis-
encephalopathy in canaries. In: Proceedings of the 30th Western
Poultry Disease Conference, Davis, CA. p. 92.

Isaza R, Buergelt C, and Kollias GV. 1992. Bacteremia and vegeta-
tive endocarditis associated with a heart murmur in a blue-and-gold
macaw. Avian Dis 36:1112–1116.

Johnson JH, Phalen DN, Graham DL, et al. 1992. Atherosclerosis in par-
rots. In: 1992 Annual Conference of the Association of Avian Veteri-
narians, New Orleans, LA. pp. 87–93.

Juan-Salle’s C, Soto S, Garner MM, et al. 2011. Congestive heart failure
in 6 African grey parrots (Psittacus erithacus). Vet Path 48(3):691–
697.

Kim CS, Davidoff AJ, Maki TM, et al. 2000. Intracellular calcium and
the relationship to contractility in an avian model of heart failure. J
Comp Physiol [B] 170:295–306.

Krautwald-Junghanns M-E, Braun S, Pees M, et al. 2004. Research on
the anatomy and pathology of the psittacine heart. J Avian Med Surg
18(1):2–11.

Larrat S, Dallaire AD, and Lair S. 2012. Emaciation and larval filari-
oid nematode infection in boreal owls (Aegolius funereus). Avian Path
41(4):343–349.

Marietto-Goncalves GA and Grandi F. 2013. Facial hemangiosarcoma
in a blue-fronted Amazon parrot (Amazona aestiva). Acta Veterinaria
Brasilica 1(7):73–75.

Oglesbee BL and Lehmkuhl L. 2001. Congestive heart failure associated
with myxomatous degeneration of the left atrioventricular valve in a
parakeet. J Am Vet Med Assoc 218(3):378–380.

Oglesbee BL and Oglesbee MJ. 1998. Results of postmortem examina-
tion of psittacine birds with cardiac disease: 26 cases (1991–1995). J
Am Vet Med Assoc 212:1737–1742.

Olkowski AA, Wojnarowicz C, Nain SW, et al. 2008. A study on patho-
genesis of sudden death syndrome in broiler chickens. Res Vet Sci 85:
131–140.

Page CD, Schmidt RE, English JH, et al. 1992. Antemortem diagnosis
and treatment of sarcocystosis in two species of psittacines. J Zoo
Wildl Med 23:77–85.

Palmieri C, Franca M, Uzal F, et al. 2011. Pathology and immunohisto-
chemical findings of West Nile virus infection in psittaciformes. Vet
Path 48(5):975–984.

Phalen DN, Hays HB, Filippich LJ, et al. 1996. Heart failure in a macaw
with atherosclerosis of the aorta and brachiocephalic arteries. J Am
Vet Med Assoc 209:1435–1440.

Pipo R, Broadstone RV, and Murphy CJ. 1996. Lethal oculocardiac
reflex in a cockatiel. Vet Comp Ophthalmol 6:27–29.

Puette M, Latimer KS, and Norton TM. 1995. Epicardial keratinaceous
cyst in a tawny frogmouth (Podargus strigoides plumiferus). Avian Dis
39:201–203.

Randolph JF, Moise NS, Graham DL, et al. 1984. Bacterial endocarditis
and thromboembolism of a pelvic limb in an emu. J Am Vet Med Assoc
185:1409–1410.

Riddle C. 1987. Avian Histopathology. Lawrence, KS: Allen. pp. 31–36.
Sedacca CD, Campbell TW, Bright JM, et al. 2009. Chronic cor pul-

monale secondary to pulmonary atherosclerosis in an African grey
parrot. J Am Vet Med Assoc 234(8):1055–1059.

Speer B. 1993. Selected avian pediatric viral diseases. In: Fudge A (ed.),
Seminars in Avian and Exotic Pet Medicine. Elsevier. pp. 125–135.

Steinberg H, Pare JA, and Paul-Murphy J. 2006. A dermal vascular
hamartoma in a sun conure [Aratinga solstitialis]. J Avian Med Surg
20: 161–166.

Stockman J, Hawkins MG, Burns RE, et al. 2010. West Nile virus
infection in a green-winged macaw (Ara chloropterus). Avian Dis
54(1):164–169.

Suedmeyer WK, Witter RL, and Bermudez A. 2001. Hemangiosar-
coma in a golden pheasant (Chrysolophus pictus). J Avian Med Surg
15(2):126–130.

Vanhooser SL, Stair E, Edwards MR, et al. 1994. Aortic rupture in ostrich
associated with copper deficiency. Vet Hum Toxicol 36:226–227.

Vice CAC. 1992. Myocarditis as a component of psittacine proventric-
ular dilatation syndrome in a patagonian conure. Avian Dis 36:1117–
1119.

Vink Nootebooom M, Schoemaker NJ, Kik MJL, et al. 1998. Clinical
diagnosis of aneurysm of the right coronary artery in a white cocka-
too (Cacatua alba). J Small Anim Pract 39:533–537.

Wack RF, Kramer LW, and Anderson NL. 1994. Cardiomegaly and
endocardial fibrosis in a secretary bird (Sagittarius serpentarius). J
Assoc Avian Vet 8:76–80.

Wallach JD and Glieg GM. 1969. Frostbite and its sequelae in captive
exotic birds. J Am Vet Med Assoc 155:1035–1038.

Zandvliet MMJM, Dorrestein GM, and van der Hage M. 2001. Chronic
pulmonary interstitial fibrosis in Amazon parrots. Avian Path 30:517–
524.




