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Opis przypadku Case report

The foramen ovale is a natural connection between
the right and left part of the heart, and, together with
the ductus arteriosus, it allows blood to bypass the lungs
in fetal life. It is bordered by the septum primum and
septum secundum, which form the septum between
the right and left primitive atria. The septum primum
also forms a valve over the foramen ovale for right-
-to-left blood shunt consistent with blood pressure gra-
dient in prenatal life. Immediately after birth, once the
lungs fill with air, the blood pressure in the pulmonary
circulation rapidly falls below that in the systemic
circulation, and the valve closes automatically. Then
it adheres to the atrial septum for 6 months, and the
foramen ovale becomes the fossa ovalis (11). A similar
process seems to be responsible for the closure of the
foramen ovale in farm animals (14).

The foramen ovale remains slightly open in approxi-
mately 25% of human population (9). The condition is
called a patent foramen ovale (PFO) and is not neces-
sarily considered pathological. It is almost always
asymptomatic, but is now considered a risk factor for
paradoxic brain embolism or brain abscess in humans
(9). Sometimes a PFO may become wider and turn into
an atrial septal defect (ASD) of the ostium secundum
type. ASDs account for 10-20% of all congenital car-
diac defects in humans, and the ostium secundum-type
ASD is undoubtedly the most common type diagnosed
in 75% of ASD cases (7). An ostium secundum-type
ASD is not necessarily associated with a PFO, but it

is always located at the fossa ovalis, in the superior
part of the atrial septum. It results from either over-
resorption of the septum primum or hypoplasia of the
septum secundum, or both. It may be associated with
anomalous pulmonary venous connections to the right
atrium and mitral valve prolapse (12).

Three other types of ASDs are (1) the ostium
primum-type ASD (20% of ASD cases in humans),
which is located in the inferior part of the atrial
septum, also involves the atrioventricular septum and
is usually associated with mild to severe mitral valve
incompetence and rarely also tricuspid valve incom-
petence, (2) the sinus venosus-type ASD (5% of
ASD cases in humans) located very high in the atrial
septum, being a biatrial connection of the superior, or
in rare cases inferior, vena cava and often associated
with the connection of right-sided pulmonary veins to
the superior vena cava or the right atrium, and (3) the
coronary sinus-type ASD (very uncommon), located
in the position of the ostium of the coronary sinus,
which is absent, and the superior vena cava enters
directly into the left atrium (7, 12).

Flow across an ASD occurs mainly during the dia-
stolic phase of heart contraction. As the blood pressure
gradient across the interatrial opening is primarily low,
the direction and magnitude of the shunt is determined
by the diastolic resistance of each ventricle to blood
inflow. Normally, the right ventricle offers much less
resistance to filling, so the shunt is left-to-right, although
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Summary
Atrial septal defects (ASDs) are a group of congenital heart defects which consist in an abnormal formation
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tentative diagnosis of an ostium secundum-type ASD. To our knowledge, this is the first report on a diagnosis
of an ostium secundum-type ASD associated with advanced clinical symptoms of a congestive heart failure in
a lamb.
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large defects may
allow a shunt in
both directions.
The interatrial

shunt results in the right atrium and ventricle dilation,
pulmonary overcirculation, and a gradual increase in
the pulmonary pressure. Once the blood pressure in
the pulmonary circulation overcomes the blood pres-
sure in the systemic circulation, the shunt turns right-
-to-left, and cyanosis due to the circulation of non-
-oxygenated blood develops. This phenomenon is
called the Eisenmenger syndrome, but it should be
stressed that this reaction rarely develops when a sole
ASD is present (7, 12, 15).

Case description
A one-month-old female lamb was presented to the vete-

rinary clinic in May 2011 with chronic progressive dyspnea.
The lamb was born in a twin litter, in a flock of several
ewes kept as companion animals. Since the time of birth,
the lamb had been weak and reluctant to suckle unlike its

flourishing brother. Abandoned by its mother in the first
days of its life and almost crushed by the mother�s body,
the lamb was separated from the rest of the flock and raised
artificially by the owner. Respiratory problems emerged
4 days after birth. As pneumonia due to the lack of maternal
antibodies was suspected, therapy with enrofloxacin 5 mg/kg
daily was applied for 10 days, but the dyspnea continued to
deteriorate. Parasitological fecal examination ruled out
pulmonary nematodal invasion. On the day of consultation
the lamb weighed 5.8 kg, it was bright and eager to walk
and play, but it was quick to tire and used to lie down with
signs of severe dyspnea after every exertion. Body tempe-
rature was 39.2°C, while respiratory rate and heart rate in
the relaxed animal were 45 and 140 per minute, respectively.
Auscultation revealed a systolic right-sided 3/6 heart murmur
and pulmonary crackles, suggesting cardiogenic pulmonary
edema. This tentative diagnosis was confirmed by an X-ray
examination, which showed a right atrial and ventricular

enlargement (Fig. 1). Echocardiography
revealed a prominent dilation of the
right ventricle, with septal flattening
(Fig. 2), a mild right atrial enlarge-
ment, a moderate regurgitant flow
through the tricuspid valve, and a mild
regurgitant flow through the mitral
valve, as well as the pulmonic and
aortic valves. No valvular changes
were noted. Moreover, a large septal
defect (Fig. 3) with a pathologic right-
-left shunt was seen over the atrial
septum in the lower section of the sep-
tum above the atrioventricular valves
(Fig. 4). A tentative clinical diagnosis
of a congestive heart failure due to
a congenital ASD and heart valve
incompetence was established. The
owner opted for a palliative therapy
with furosemide (Furosemidum, Pol-
pharma S.A.; half a 40-mg tablet

twice daily). Initially, a pronounced improvement was seen.
Unfortunately, within two weeks the condition of the lamb

Fig. 1. Pulmonary blood congestion and right atrial and ven-
tricular enlargement (X-ray)

Fig. 2. Right parasternal short axis view
at the level of the papillary muscle. Pro-
minent right ventricular enlargement
and septal flattening is seen. RV � right
ventricle, LV � left ventricle, S � septum

Fig. 3. Right parasternal long axis view
showing the atrial septal defect (arrow).
RV � right ventricle, RA � right atrium,
LV � left ventricle, LA � left atrium

Fig. 4. Right parasternal short axis view showing color flow
through the atrial septal defect with spectral analysis of the
right-to-left shunt. RA � right atrium, LA � left atrium
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deteriorated so much that it was unable to walk even very
short distances without dyspnea, and eventually the owner
asked for the animal to be euthanized.

Necropsy revealed severe lung congestion and heart
enlargement. A detailed heart examination revealed an
opening in the septum, which was 12 mm in diameter, con-
necting the left and right atria (Fig. 5 and 6). The opening
was classified as an ostium secundum-type ASD. No macro-
scopic lesions were seen in pulmonary, aortic or atrioven-
tricular valves, but they were taken for histological exami-
nation, as was a specimen of the myocardium. Histological
examination revealed an advanced hyaline degeneration
of the myocardium, but no microscopic lesions in cardiac
valves were revealed.

Discussion
Compared with human medicine, data on ASDs in

animals are hardly available. The most detailed data
come from companion animals. An ASD is infrequently
seen in dogs and cats, in which it is usually an inci-
dental finding causing no clinical signs. Boxers and
doberman pinschers are believed to have a natural pre-
disposition for ASDs (15). Relatively recently, ASDs
have been retrospectively studied in a population of
dogs and cats showing a much higher prevalence of
the subclinical defect � the ASD was the second most
common congenital heart defect after mitral dyspla-
sia, the ostium secundum type accounted for 99% of
ASDs, and almost ¾ of cases were asymptomatic (5).
It is believed that the low incidence in dogs and cats is
related to the relatively benign form of the disease that
does not cause heart murmurs or other clinical signs
and that modern echocardiographic techniques make
it possible to diagnose even mild changes.

ASDs are often reported in cattle and lambs, but they
seem to be much less common compared with other
congenital heart defects, especially ventricular septal
defects (6, 13). One case of an asymptomatic adult
sheep with a patent ductus arteriosus and a PFO has
also been described (1), and so it seems possible that
in sheep, as in humans and other animals, the defect
is quite common, but covert and hence overlooked.
Several papers reported PFOs in symptomatic calves,
usually as a part of multiple congenital defects (2, 3,
10, 16, 17). Some of the calves underwent clinical
diagnostic procedures making it possible to establish
a tentative diagnosis, but all cases ended with death
and a definitive diagnosis was reached during the
necropsy. The oldest calf alive was 10 days old. A study
conducted on calves with cardiac defects revealed
PFOs in 5 out of 78 cases (8). These ASDs were rela-
tively large (5-35 mm), and it is unclear whether
lesions observed in those cases were simply PFOs
or pathological ASDs of the ostium secundum type
or another type, since this distinction does not seem to
exist in farm animal medicine at present.

Valvular dysfunction, evident in the echocardiography
of our lamb, was difficult to explain. Neither any

Fig. 6. The arial interseptal opening (ostium secundum-type
ASD) after fixing the heart in formalin � view from the left
side

Fig. 5. The arial interseptal opening (ostium secundum-type
ASD) in the fresh heart at autopsy � view from the right side
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macroscopic nor microscopic lesions in valves, indi-
cating congenital dysplasia or vegetative endocarditis,
were found. Moreover, the only report on valve dys-
plasia in ruminants comes from a calf (18), whereas
vegetative endocarditis is a sporadic disease of adult
sheep rather than of lambs (4). One possible cause of
the dysfunction may have been a process of heart
cavity enlargement analogical to the one observed in
dilated cardiomyopathy in other animal species, such
as dogs, which results in volume overload and the
widening of atrioventricular ostia and valvular insuf-
ficiency. Hyaline degeneration of the myocardium
could be caused by chronic hypoxia due to a congestive
heart failure.

To our knowledge, this is the first report on a dia-
gnosis of an ostium secundum-type ASD associated
with advanced clinical symptoms of a congestive
heart failure in a lamb.
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