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Abstract

Case summary An 8-year-old spayed female domestic shorthair cat was presented for a recheck evaluation
of hypertrophic cardiomyopathy and chronic kidney disease. Three years prior to presentation, the patient was
diagnosed with obstructive hypertrophic cardiomyopathy and started on atenolol. The left ventricular outflow
tract obstruction subsequently resolved. Biochemical analysis a week prior to presentation demonstrated severe
azotemia. Transthoracic echocardiograph revealed pericardial effusion, pleural effusion, severe left ventricular
concentric hypertrophy, severe left atrial enlargement and continuous left-to-right flow through the interatrial septum
near the fossa ovalis. The patient was euthanized owing to poor prognosis, and gross examination at necropsy
revealed a valve-incompetent patent foramen ovale secondary to severe left atrial dilation.
Relevance and novel information To our knowledge, this is the first report of an acquired left-to-right shunt through
a valve-incompetent foramen ovale in a cat with hypertrophic cardiomyopathy. Severe left atrial dilation was
suspected to cause interatrial shunting through the valve-incompetent foramen ovale, and this finding may be
relevant to echocardiographic evaluations in other cats.
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Introduction
The valve of the foramen ovale is the derivative of the
embryonic septum primum and overlaps the muscular
rim of the atrial septum, the derivative of the embryonic
septum secundum.1 When this muscular rim is formed
correctly and the valve of the foramen ovale is large
enough, there is overlap of these tissues which prevents
blood from moving from the left to the right atrium.1,2
Hemodynamic changes that occur immediately after
birth include decreased pulmonary vascular resistance
and increased pulmonary venous return to the left
atrium (LA), ultimately establishing the LA as the atrial
chamber with higher pressure.3 This provides a functional closing of the patent foramen ovale (PFO) as this
valve is pushed against the muscular rim of the foramen

ovale located on the right atrial aspect of the interatrial
septum (IAS). These tissues may form an adhesion and
thus permanently close. If these tissues do not fuse, then
a free margin of this valve may exist through which there
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is probe patency, sometimes referred to as a valvecompetent foramen ovale.2–4
With atrial enlargement and stretching of the atrial
walls, the valve of the foramen ovale is pulled such that
a patent communication is established, called a valveincompetent PFO.2–4 In veterinary medicine, a commonly observed example of this occurs in dogs with
pulmonary valve stenosis and secondary right atrial
pressure elevation and chamber enlargement.5,6 This has
also been reported in human infants with a left-to-right
shunting patent ductus arteriosus, with the presence of a
valve-incompetent foramen ovale being associated with
a relatively larger ductal shunt.4 To our knowledge, this
is the first report of an acquired interatrial shunt in a cat
with a histologically normal IAS.

Case description
An 8-year-old spayed female domestic shorthair cat
weighing 3.8 kg was presented to The Ohio State
University Veterinary Medical Center for a recheck evaluation of previously diagnosed cardiomyopathy and
chronic kidney disease (CKD). The patient was first evaluated 3 years prior for a newly auscultated heart murmur, and transthoracic echocardiography at that time
identified obstructive hypertrophic cardiomyopathy
(HCM) characterized by moderate left ventricular (LV)
concentric hypertrophy, moderate dynamic LV outflow
tract obstruction owing to systolic anterior motion of the
mitral valve and a normal LA size. At that time atenolol
(1.2 mg/kg PO q12h) was prescribed, and shortly after
this was initiated, the patient was reported as having an
improved energy level. Subsequent annual recheck evaluations revealed a resolution of the dynamic outflow
tract obstruction, static LV concentric hypertrophy and
mild LA enlargement. The previously diagnosed CKD
had been monitored by the referring veterinarian and
treated with aluminum hydroxide (100 mg/kg PO q8h).
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A week prior to presentation at Ohio State, the cat developed anorexia and was evaluated by the referring veterinarian. At that time, a serum biochemical analysis
revealed stage 4 CKD based on the International Renal
Interest Society staging guidelines: severe elevation of
serum blood urea nitrogen (111 mg/dl; reference interval
[RI] 10–27 mg/dl); severe elevation of serum creatinine
(7.4 mg/dl; RI 0.4–1.3 mg/dl); and moderate hyperphosphatemia (8.5 mg/dl; RI 2.2–6.3 mg/dl). Mildly decreased
red blood cell count (6.43 × 1012/l; RI 7.12 –11.46 × 1012/l)
and hemoglobin concentration (9.5 g/dl; RI 10.3–16.2 g/dl)
were observed on a complete blood count.
Upon physical examination, the heart rate was 140
beats per min and a grade II/VI left parasternal systolic
heart murmur was auscultated. The respiratory rate was
40 breaths per min and thoracic auscultation revealed
normal bronchial sounds bilaterally. Muscle wasting
was appreciated and the patient had a body condition
score of 3/9. The cat’s weight had decreased by roughly
25%, compared with the previous examination. The
remainder of the physical examination was unremarkable. Systemic systolic blood pressure measured with
Doppler was 95 mmHg.
Transthoracic echocardiography revealed severe LV
concentric hypertrophy (Figure 1a), with a LV posterior
wall thickness at end diastole of 9.7 mm measured from
two-dimensional images.7 Severe LA enlargement was
evident in both long- and short-axis views. LA diameter
measured as maximum septal-to-free wall dimension
from the right parasternal long-axis view was 26 mm
(normal <16 mm).8 The ratio of LA to aortic diameter
from the right parasternal short axis view was 3.1 (normal <1.4).9 Spontaneous echocardiographic contrast
was observed in the left auricle. There was a moderate
amount of eccentric mitral regurgitation directed toward
the IAS (see Video 1 in the supplementary material).
Transaortic velocities were considered normal (average

Figure 1 (a) Two-dimensional echocardiographic image from the right parasternal long-axis view demonstrating severe left
ventricular concentric hypertrophy, moderate right atrial (RA) enlargement, severe left atrial (LA) enlargement and bowing
(arrow) of the interatrial septum (IAS) toward the RA. Pericardial and pleural effusion are also observed. (b) Two-dimensional
and color Doppler echocardiographic image from the right parasternal long-axis view demonstrating diastolic, left-to-right flow
across the atrial septum. (c) Continuous wave Doppler recording of the left-to-right flow across the IAS demonstrating systolic
and diastolic shunt flow
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Figure 2 Gross anatomical images of the cut left atrium.
(a) The focal, dark-red, roughened surface of the jet lesion (*)
is observed. Note the prominent valve of the foramen ovale
( ). (b) The valve of the foramen ovale ( ) is identified, and
a wooden applicator probe is observed entering the right
atrium through the foramen ovale opening in the left atrium.
MV = mitral valve

0.84 m/s),10 and there was no evidence of dynamic LV
outflow tract obstruction. Subjectively, the right ventricle had mild concentric hypertrophy and there was
moderate right atrial and ventricular enlargement.
Transpulmonary velocities were normal (average of
0.65 m/s).10 The pulmonary trunk was mildly enlarged,
and there was subjectively mild-to-moderate pulmonary insufficiency with velocities that suggested the
presence of at least moderate pulmonary hypertension
(3.3 m/s, estimated mean pulmonary artery pressure
44 mmHg). Mild pericardial and pleural effusion were
identified, indicating the presence of congestive heart
failure (CHF). The IAS persistently bowed toward the
right atrium throughout the cardiac cycle (Figure 1a),
indicating LA pressure overload. Based on two-dimensional images, the IAS appeared intact. However, there
was blood continuously shunting from the left to right
atrium at the apical aspect of the fossa ovalis as identified by color Doppler signals (Figure 1b; see Video 2 in
the supplementary material) and spectral Doppler
(Figure 1c). This shunt flow was not present on previous
echocardiographic examinations.
Based on the concurrent severe CKD and HCM with
CHF, the owner elected humane euthanasia with a subsequent necropsy examination. The presence of CHF
warranted the addition of furosemide and an angiotensinconverting enzyme inhibitor, but these medications were
considered likely to induce further kidney damage.
Gross necropsy examination revealed serosanguineous
effusion in the pericardial, pleural and peritoneal cavities (2 ml, 30 ml and 10 ml, respectively). The lungs were
rubbery, expanded and oozed a red-tinged watery fluid
on cut section. These findings indicated the presence of
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pulmonary edema in the lungs, and the liver had marked
congestion. Both kidneys were shrunken, nodular and
firm, with many uroliths in each renal pelvis. The LV had
marked concentric hypertrophy and the wet heart
weighed 29 g (normal <19 g).11 The LA was severely
dilated, and a slit-like flap of tissue was observed in the
mid IAS consistent with the valve of the foramen ovale
(Figure 2a). A focal area of reddened, roughed endothelium was observed at the left atrial aspect of the IAS caudal to the valve of the foramen ovale consistent with a jet
lesion. A defect in the IAS was not observed, but direct
interatrial communication through the foramen ovale
was confirmed with a probe (Figure 2b). This was consistent with a foramen ovale, which had been functionally closed until the LA dilation and stretch caused an
opening in the IAS, known as valve-incompetent or
probe-patent PFO. Histopathologic analysis of lungs
revealed subacute, moderate alveolar histiocytosis and
protein-rich edema, consistent with left-sided CHF.
Within the left ventricle, there was moderate-to-marked
interstitial fibrosis. The kidneys exhibited moderate-tomarked chronic interstitial nephritis and glomerulosclerosis, supportive of CKD.

Discussion
This report describes a left-to-right shunting, valveincompetent PFO in a cat, an acquired interatrial communication not yet reported in this species. This cat was
born with a valve-competent PFO but did not have interatrial shunting of blood prior to LA enlargement.
Although the anatomic structures of the IAS did not
change over time, their ability to allow interatrial communication was acquired with severe LA enlargement.
Acquired interatrial communications are relatively rare
but have been reported in dogs with myxomatous mitral
valve disease.12–14 These reports describe damage to the
IAS secondary to atrioventricular valve regurgitation. In
one report, left-to-right shunting occurred in dogs with
severe LA enlargement and a mitral regurgitant jet
directed toward the IAS.13 These dogs subsequently
developed clinically relevant pulmonary hypertension
(PH) and right-sided CHF, in part due to shunt-induced
right-sided volume overload.13 Another report described
a right-to-left shunting acquired interatrial communication in a dog with severe tricuspid regurgitation and concurrent PH.14 That report also described damage to the
IAS caused by the impact of the regurgitant jet. The fossa
ovalis is typically thinner than other portions of the IAS
and thus at risk for tearing when the tissue is damaged.
Another report describes an atrial septal aneurysm with
bidirectional shunting in a cat with severe right atrial
enlargement and restrictive cardiomyopathy.15 The
authors of that report described an atrial septal aneurysm
where the entire IAS was abnormal, likely indicating
underlying congenital pathology of the IAS.15 The cat
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described in this report was born with a structurally
normal IAS with a valve-competent PFO; however, interatrial shunting was not present prior to severe LA
enlargement. The cat developed a valve-incompetent
PFO and interatrial shunting only after severe LA
enlargement, with serial echocardiographic examinations confirming the acquired etiology of this lesion.
The diagnosis of a valve-incompetent PFO in human
infants with concurrent patent ductus arteriosus is followed by a period of clinical observation, rather than
immediate intervention.4,16 In part, this recommendation
is based on the finding that the foramen ovale may
become valve-competent and therefore cease to be patent as left heart size reduction occurs post ductal
closure.4 There is also evidence that small PFOs may
spontaneously close over time.16 Acquired interatrial
communications have been associated with important
clinical sequelae such as PH, hypoxemia and respiratory
distress.13–15,17,18 The patient in this report had HCM and
progressive, severe LA enlargement, as well as PH. Dogs
with severe LA enlargement and acquired interatrial
communication have been reported to develop PH.13
However, PH occurs in dogs with severe LA enlargement even in the absence of an acquired interatrial
communication.19,20 The velocity of blood flow through
the interatrial shunt in the cat in this report suggested a
pressure of around 20 mmHg greater in the LA than in
the right atrium. Whether this contributed to the volume
overload of the right atrium and ventricle of this cat
is unknown.
The cat of this report was diagnosed with PH, HCM
and active left-sided CHF. A recent retrospective study
described the presence of PH in 17% of cats with leftsided CHF, most of which had CHF secondary to cardiomyopathy.21 It is unknown if the acquired left-to-right
shunting contributed to the PH in the cat in this report. A
recent multicenter, longitudinal study of 1730 cats that
were apparently healthy (n = 722) or had preclinical
HCM with or without obstruction (n = 1008) reported on
long-term outcomes and risk for CHF, arterial thromboembolism and cardiovascular death.22 The occurrence of
CHF or arterial thromboembolism or both was 30.5%
in cats diagnosed with preclinical HCM with or without
obstruction.22 The cats that developed cardiovascular
morbidity had a survival of just 1.3 ± 1.7 years.22 In that
report, there was no mention of assessment for acquired
interatrial shunts in cats with HCM, so the incidence of
this finding and its possible contribution to cardiovascular
morbidity cannot be determined at this time. However, a
valve-incompetent PFO is likely a rare finding in the cat.

Conclusions
The cat in this report was diagnosed with a valveincompetent PFO by color and spectral Doppler echocardiography. Although born with an anatomically
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normal, valve-competent foramen ovale, the severe LA
enlargement secondary to HCM induced the valveincompetent state and subsequently an acquired left-toright interatrial communication. Detailed evaluation of
the IAS may be warranted in cats with similar atrial
enlargement, as the diagnosis of an acquired interatrial
communication is likely clinically important.
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