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SUMMARY

Radiographic examination is still a
valuable routine procedure for diagnosing
cardiopulmonary discases and assessing their
response to treatment.

Methodology: In the present study,
thoracic radiography was carried out on 47
clinical cases of dogs that suffered from cardiac
problem- and five apparently healthy mongrel
dogs that were used as a control for normal
radiography of the canine heart. The diseased
dogs were of both sexes and of ages that ranged
between 45 days and 12 years.

Results: The recorded affections were;
persistent right aortic arch (2), microcardia (2),
left atrial dilatation (6), right ventricular
dilatation (9), generalized cardiomegaly (I8),
etfusion (8),

cardiomyopathy (1) and pneumopericardium (1).

pericardial hypertrophic
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All radiographic findings of both normal and
diseased canine hearts were described.
Conclusion: thoracic radiography still
constitutes the cornerstone for diagnosing and
evaluating cardiopulmonary diseases through
providing direct and immediate information

about cardiac size and shape, and indirectly

through  assessing the  cardiopulmonary
circulation which reflects the degree ol heart
failure.

INTRODUCTION:

The heart is the largest structure of the
mediastinum, and the dominant organ within the
thoracic cavity. The size, position and shape of
the cardiac silhouette vary greatly among
breeds and individuals
(Hamiin, 1960, Wyburn and Lawson, 1967;
Buchannan, 1972 and Suter and Lord, 1984).

different species,
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Radiographic examination is a routine
procedure for diagnosing cardiac diseases and
assessing the response to treatment (Suter and
Lord 1971). Radiographic findings are not
consistently specific enough to lead to derivation
of a definitive diagnosis without supportive
clinical evidence (Schelling, 2001).

The heart chambers can be roughly
defined by a line connecting the apex to the
tracheal biturcation and a second line
perpendicular to the base-apex axis and
positioned at the level of the ventral aspect of
the caudal vena cava (Tilley and Goodwin,
2001) .The cardiac width has been defined as
between 2.5 intercostal spaces in deep-chested
conformation breeds as Setters, Afghans and
Collies and 3.5 intercostal spaces in barrel-
chested conformation breeds as Dachshunds and
Bulldogs (Schelling, 2001).

Owens et al (1982) mentioned that ,the
most common congenital heart defects are;
patent ductus arteriosus, pulmonic stenosis,
aortic  stenosis ,ventricular septal defect,
tetralogy of fallot and persistent right fourth
aortic arch. Lord and Suter (1999) added that,
the most common acquired heart diseases are
mitral insufficiency, tricuspid insufficiency,
hyperirophic cardiomyopathy and pericardial
effusion.

Persistent right aortic arch is a vascular
ring anomaly causes stricture of the esophagus
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where most dogs regurgitate solid food and
usually noted soon afier weaning (Owens et al,
1982 and Larcher et al 2006). Radiographically,
the cardiac sithouvette is normal with enlarged
esophagus cranial to the cardiac base (Suter and
Lord, 1984).

Schwartz et al (1971); Silverman and
Suter (1975) and Feldman (1977) reported that
reduced cardiac size (microcardia) s
encountered less commonly than cardiomegaly.
The majority of animals with small cardiac
silhouette are either cachectic or have
circulatory problerns.

Tilley and Goodwin (2001) stated that
the radiographic signs of left
atrial enlargement include dorsal elevation of the
cardiac portion of the trachea and carina,
enlargement and  straightening of the
caudodorsal portion of the cardiac silhouette and
loss of the caudal waist.

Rawlings and Lewis (1977} and Boujon
et al (2003) found that the radiographic signs of
right ventricular enlargement include increased
sternal contact of the cranial cardiac margin,
with elevation of the cardiac apex from the
sternum and enlarged cardiac silhouette at the 6
to 11 o'clock position.

Suter and Lord (1984) stated that cardiac
enlargement and cardiomegaly are neutral terms
which cover both an increased size due to a

growth in muscle mass (hypertrophy) and an



enlarged chamber size due to an increased filling
with blood (dilatation).

Radiographic signs of pericardial
effusion include, generalized enlargement of
cardiac silhouette in a basket ball conformation,
increased sternal contact and pleural effusion
secondary to cardiac tamponade (Buchannan
and Bucheler, 1995; Kittieson and Kienle, 1998
and Fews et al, 2008).

Canine cardiomyopathy characterized by
generalized cardiomegaly, marked left atrial
dilatation and may show evidence of left heart
failure (pulmonary edema) and/or right heart
(pleural  effusion).In

projection ,the cardiac sithouette is enlarged and

failure dorsoventral
assumes a "Valentine" shape (Harpster, 1991;
Isachc, 19935; Sisson et al, 2000 and Abraham et
al, 2607).

The purpose of this study is to direct the
attention of veterinarians to the role of
radiography in diagnosis and differentiation of
some cardiac diseases and to describe the
specific radiographic changes of these diseases

in dogs.

MATERIALS AND METHODS

Forty
clinically as suspected to have cardiac diseases.

seven dogs were diagnosed

These dogs were among the clinical cases

admitted to both the surgery clinic at the Faculty
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of Veterinary Medicine, Cairo University and
some private clinics during the period between
October 2005 and October 2008.

These dogs were of both sexes and their
ages were varied between 45 days and 12 years.
These dogs were of different breeds including;
German shepherd (22), Griffon (12), Great
Danes (6), Bull Mastiff (2), Irish Setter (2),
Yorkshire Terrier (2) and Boxer (1).

Case history, clinical examination and
radiography were done for each clinical case and
all data were recorded.

Ventro-dorsal and right-lateral views were taken
for each dog. Exposure factors (kilovolt and
milliampere) were justified for each animal
according to its body weight and position taken
.Positive contrast radiography (barium meal)
was used in two cases suspected to have
persistent right aortic arch in order to clarify the
status of the esophagus.

Five adult apparently healthy mongrel dogs were
used as a model to clarify the normal

radiographic appearance of the canine heart.

RESULTS

NORMAL RADIOGRAPHIC APPEARANCE OF
CANINE HEART:
Right

revealed that, the right cardiac chambers are

lateral  thoracic  radiograph

positioned more cranially while the left
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chambers are positioned caudally. Division of
the four cardiac chambers can be estimated by
drawing two lines perpendicular on each other.

The dorsal cardiac margin includes both
atria, pulmonary arteries and veins,the cranial
and caudal vena cavae and the aortic arch. The
cranial border is formed by both the right
ventricle and right atrial appendage, resulting in
the radiographically defined cranial waist. The
caudal margin is formed by the left atrium and
left ventricle, with the atrioventricular junction
defined as the radiographic caudal waist. The
aorta is seen superimposed over the right atrium.
The aortic arch extends caudodorsally to form
the descending aorta. (Fig.1).

Ventro-dorsal radiograph showed that,
the canine heart appears as an elliptical opacity
with  its  base-apex axis  orientation
approximately 30 degrees to the left of the
midline (Fig.2). The aortic arch is within the
mediastinum and is invisible.

Congenital heart diseases:
Vascular ring anomalies: Persistent right
aortic arch:

Persistent right aortic arch was recorded
in 2 dogs. The first was one year old German
shepherd while the second was 45 days old
Yorkshire terrier. Both dogs were suffering from
persistent regurgitation shortly after feeding

which noted soon after weaning in the Yorkshire

puppy.
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Contrast radiography revealed, the presence of
esophageal dilatation cranial to the heart
(Fig.3).The dilated esophagus depresses the
trachea and heart ventrally. The semisolid
contrast medium causes a larger dilatation of the
esophagus in the prestenotic area and a marked
dilatation in the post stenotic region (Fig.4). The
saccular, contrast-filled cranial esophagus,
which extends into the cervical region narrows
abruptly at the level of the fourth intercostal
space dorsal to the heart.

Acquired heart diseases:

Micrecardia (hypovolemic heart or shocked
heart):

Microcardia was incidentally reported in
2 German shepherd dogs. Radiographically, the
heart appeared smaller than normal as the
cardiac silhouette takes up a smaller percentage
of the available space The heart appeared more
vertical and narrower (approximately 2
intercostal space in width) (Fig.5 and 6). One
dog showed mild degree of pleural effusion (Fig.
6).

Left atrial dilatation:

Left atrial dilatation was recorded in 6
dogs. All cases were aged dogs (8-12 years), and
of different breeds. Abnormal heart sounds were
recorded. Radiographically, the caudal border
appeared straighter, as the left atrium enlarged
and the distance between the carina and the

caudal waist increased. The caudal waist



appeared more shallow or lost and the caudal
border appeared slightly more perpendicular.
The cauda! portion of the trachea and carina
elevated dorsally and consequently dorsal
displacement of the main stem bronchi (Fig. 7).
Right ventricular dilatation:

Right
diagnosed in 9 cases. The animals were

cough.
Radiographically, they showed increased sternal

ventricular  dilatation  was

suffeting dyspnea and frequent

contact of the cranial cardiac margin, elevation
of the cardiac apex from the sternum and
rounding of the cardiac silhouette with increased
cardiac width (Fig.8).In ventro-dorsal view , the
cardiac silhouette showed enlargement at 6 to 11
o'clock position, the right ventricle assumes an
inverted "D'" sign with shifting of the cardiac
apex to the left (Fig.9).
Generalized cardiomegaly:

Generalized cardiomegaly was recorded
in 18 dogs. The animals were aged dogs (7-12
years) and of different breeds. The dogs were
suffering dyspnea, open mouth respiration,
exercise intolerance and some cases showed
cyanosed mucous membranes and syncope.
Radiographically, the dogs with generalized
cardiomegaly showed variable degrees of
enlargement of two or more cardiac chambers.
In moderate cardiomegaly, the cardiac silhouette
appeared enlarged with increased cardiac width

{approximately 3.5:4 intercostal

space),
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increased sternal contact and the trachea
appeared dorsally elevated (Fig 10). In severe
cardiac enlargement, the cranial heart border
appeared straighter and more perpendicularly
oriented, the caudal heart border also appeared
straighter. The caudal waist of the heart
appeared shallow and the trachea appeared
parallel to the thoracic spines where the distance
between the trachea and the thoracic spines
appeared greatly reduced (Fig. 11).

Pericardial effusion:

Pericardial effusion was diagnosed in 8
cases. Dogs were of different ages (2-10 years)
and of different breeds. Radiographically, the
effusion showed
of the

silhouette in a "basket ball" conformation,

dogs with pericardial
generalized  enlargement cardiac
elimination of normal cardiac margins on all
views, increased sternal contact of the cranial
cardiac margin and convex bulging of the caudal
margin with dorsal elevation of the trachea (Fig.
12).
Hypertrophic cardiomyopathy:
One case of hypettrophic
cardiomyopathy was recorded in a 2-year-old
Yorkshire terrier. Radiographically, the cardiac
silhouette assumes a "Valentine" shape with
marked right atrial dilatation. The lung opacity
increased with congestion of pulmonary vessels

(Fig.13).
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Puenmopericardium; pericardium  appeared as radio-opaque line

One case of pneumopericardium  was surrounding the heart and separated from the
incidentally recorded in a German shepherd dog. cardiac silhouette by very narrow radiolucent
The dog suffered pneumothorax  and  the space (Fig. 14).

—

Fig.{1): Normal right lateral thoracic radiograph of a dog: Cranial vena cava(Cr.VC), Trachea(T}, Right
atrium(RA), Left atrivm{LA), Right ventricle(RV), LeR ventricle{LV), Carina{C), Caudal vena
cavalCVO) and Aortal A,
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Fig.(3): Rightlateral thoracic radiograph of a 45-day-old Yorkshire puppy with
vascular ring anomaly showing a prestenotic esophageal dilatation,
narrowed region near the cranial heart base (arrow) with normal post
cardiac esophagus.
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Fig.(4): Right lateral theracic radiograph of ope-year-old German Shepherd dog with
persistent right aortic arch showed a large dilatation of the esophagus in the
prestenotic arca and a marked dilatation in the poststenotic region. The
csophagus narrows abruptly al the level of fourth intercostal space dorsal 1o the
heart (arrows)

Fig. (5): Right lateral thoracic radiograph of a 3-vear-old German shepherd dog showed microcardia
The heart appears small, approximately 2 intercostal spaces in width (white line). Notice that
the cardiac apex is separated ftom the stermum.

Ay
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Fig (6): Right lateral thoracic radiograph of a S-vear-old German Shepherd dog with microcardia. The
heart appeared small, vertical and namower. Mild pleural elfusion near the cardiac apex
(arrow).
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Fig.(T)z Right lateral thoracic adiograph of a 9-year-old GrifTon dog with lefl atrial dilatation
showed enlarged left atrium with lost cawdal waist of the cardiac silhouette in comparison
with the cranial waist (white arrows). The caudal part of the trachea, carina and main
stem bronchi elevaled dorsally (black arrow),

w

Fig.(8): Right lateral thoracic radicgraph of a S-year-old Mastiff dog with right ventricular
enlargement showed increased stermal contact of the cranial cardiac margin (white
arrows ), Dorsal elevation of the caudal vena cava (black arrow).
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Fig.(9): Ventro-dorsal thoracic radiograph of the same dog with right ventricular
enlargpement showed enlarged cardiac sithouette at the 6 to 11 o'clock
position (arrows), with characteristic inverted "[¥ 5

Fig.(10): Right lateral thoracic radiograph of a 0-year-old Irish sitter dog with moderate cardiomeualy
showed increased sternal contact with dorsally elevated trachea, The cranial and caudal waists
appeared shallow (arrows).

-
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Fig.{11): Right lateral thoracic radiograph of a T-year-old Great Dane dog with severe cardiomegaly
showed increased cardiac silhouette width{approximately 3.5 intercostal spaces ). Absence ol

cranial and caudal waists. The trachea appeared parallel to the thoracic spines {arrows).

Fig.(12): Right lateral thoracic radiograph of a 3-vear-old German Shepherd dog with pericardial
cffusion. The cardiac silhouette is rounded (basket ball), Increased lung opacity
(pulmonary edema),with marked pleural effusion (white arrow). The angle between the
thoracic spines and the trachea is diminished to the point of becoming parallel (black
ArTOWSs).
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Fig.(13): Ventro-dorsal radiograph of a 2-year-old Yorkshire terrier with hypertrophic
cardiomyopathy showed Valentine shape cardiac silhouette with marked right atrial
dilatation (white arrow} and congestion of pulmaonary vessels {black arrow).

Fig.(14): Right lateral thoracic radiograph of a 3-year-old German Shepherd dog with pneumopericardium,
The pericardium appeared as a thin radio-opaque line surrounding the cardiac silhouwette and
separated by very narrow radiolucent space (armows)

-
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DISCUSSION

This study was designed to evaluate the
role of radiography in diagnosing cardiac
diseases; therefore the cases were classified
according to their radiographic appearance.
There were subtle differences in cardiac
conformation and position when comparing the
right versus the left lateral radiographic
projections. These differences were not
significant enough to warrant further discussion
Similar findings were mentioned by Tilley and
Goodwin (2001).Although the dorsoventral
projection is preferred over the ventrodorsal
projection but the symmetric projection is the
ultimate goal wiih patient compliance
determining which projection is attainable ,so
the righi lateral and ventodorsal projections were
used in the present work as these projections are
more familiar to the veterinarians and the
animals appear to be more stable and
comfort.Similar findings were reported by
Schelling (2001).

In the present work , the normal cardiac
silhouette is approximately 2.5-3 intercostal
space in lateral view while in ventro-dorsal view
;the normal heart at the widest point occupies
approximately two-thirds of the width of the
thoracic cavity.

It is impossible to detect a specific heart

defect by routine thoracic radiography. It was
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difficult to see a patent ductus arteriosus,
pulmonic stenosis, or an interarterial septal
defect. Instead, the radiographer can detects the
abnormal cardiac silhouette which is produced
by a response which the heart made to the
physiologic stress of abnormal circulation being
created by the lesion we seek to identify
(Hamlin, 1968).

Persistent right aortic arch is a vascular
ring anomaly caused by a disturbance in the
normal development of the aortic arch and its
branches that encircles the primitive trachea and
esophagus. A result that agrees with that
mentioned by (Larcher, 2006).

Persistent right fourth aortic arch
surrounds the esophagus with the following
structures: pulmonary artery to the left
ligamentum arteriosum to the left and dorsally,
right aortic arch to the right and heart base and
trachea ventrally.The condition is essentially
that of esophageal obstruction as was also
mentioned by (Reed and Bonasch 1964,
Wheaton, et al, 1984 and Shires and Liu, 1994).

Persistent right aortic arch resulted in
prestenotic  saccular, contrast-filled cranial
esophagus that narrows abruptly at the level of
the fourth intercostals space dorsal to the heart.
Simiiar findings were mentioned by Suter and
Lord (1984). The motility of the caudal

esophagus is impaired to varying degrees so, the



caudal segment of the esophagus is uniformly
and permanently dilated.

Regarding cases of microcardia, as a
result of small sized heart, the long cardiac axis
is shorter so the trachea appeared farther than
normal away from the spine. A small heart
resulted from decreased venous return. An
explanation that agreed with (Suter and Lord
1984 and Fox et al, 1999).

Left atrial enlargement resulted in dorsal
elevation of the caudal portion of the trachea,
caring, and subsequently dorsal displacement of
the main stem bronchi. The left atrium may
enlarge in response to left-sided volume
overload as in case of mitral insufficiency,
cardiomyopathy and left ventricular failure. This
is in agreement with (Murphy et al, 1985 and
Fox, 1988).

Right

determined by accentuated heart convexity

ventricular  enlargement  is
cranial to the apex which causes increased
sternal contact. The trachea is usually elevated
where it passes over the cranial heart. Right
ventricular enlargement may results from high
resistance to ventricular ejection (pulmonary
hypertension), tricuspid insufficiency,
cardiomyopathy, cor pulmonale, dirofilariasis
and some congenital heart diseases as pulmonic
stenosis, patent ductus arteriosus and ventricular

septal defect. Similar result was obtained by
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{Feldman ef al, 1981; Ware and Bonagura, 1988
and Oswald and Orton, 1993).

Generalized cardiomegaly is determined
by the size of the heart compared with the thorax
and by displacement of the adjacent structures.
The heart appeared wider in the cranic-caudal
and transverse projections, while in severe
cardiomegaly, the cardiac silhouette appeared
more rounded than normal. In this respect, the
cardiac silhouette generally enfarges in response
to volume overload or myocardial failure or
both. Volume overload may be caused by
vulvular incompetence or severe bradycardia.
Myocardial failure can not be directly assessed
by radiography; it may be determined by
echocardiography, cardiac catheterization and
angiography, as was also
{Buchannan and Bucheler, 1995),

reported by

The classic radiographic appearance of
pericardial effusion is that of a large, round
cardiac silhouette with lacking of an apex or
details. As

differentiation from generalized cardiomegaly

other structural a point of
due to heart diseases, the left atrium is not
prominent (Gibbs et ai, 1982).

The most frequently identified cause of
pericardial effusion and cardiac tamponade is
cardiac neoplasm (Berg and Wingfield, 1983;
Thomas, 1989 and Buchannan, 1992) while
idiopathic pericardial effusion is the most

frequently reported non-neoplastic disorder
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causing cardiac tamponade in dogs (De Mardon
et al, 1987).

In regards to cardiomyopathy, hypertrophic
cardiomyopathy and congestive cardiomyopathy
are the most common forms of cardiomyopathy.
A result which coincided with that mentioned by
2008).Radiographically,
hypertrophic cardiomyopathy characterized by

{Oyama et  al,

generalized cardiomegaly with marked left atrial
dilatation, so the cardiac sithouette assumes the
valentine shape. This is in agreement with Fox
et al (1999) and Sanderson (2006). Pulmonary
venous congestion and edema occurred due to
heart failure.

Pneumopericardium is a very rare cardiac
disease recorded incidentally in a case of
pneumothorax where the pericardium appeared
separated from the cardiac silhouette by very
narrow radiolucent space. This affection
occurred as a result of traumatic pneumothorax
and consequently pericardial tear occurred.

In conclusion, thoracic radiography forms the
cornerstone for evaluation of cardiopulmonary
diseases. Its wvalue is to provide direct
information about cardiovascular size and shape,
indirectly; assess cardiopulmonary circulation

and reflects the degree of heart failure.
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