

[image: image1]
Case Report: a newly described form of fixed subaortic stenosis in a feline patient
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Fixed subaortic stenosis as a congenital heart defect has been reported in a relatively small number of cases. The classic description of feline subaortic stenosis reflects the presence of a fibrous ring just underneath the aortic valve. The present case has a unique morphological aspect, analogous with a rare human stenosis. A 15-month-old, ESH female presented with an anamnesis consisting of respiratory distress, apathy, and anorexia. The clinical examination displayed a patient with lethargy and severe dyspnea, whilst lung auscultation identified generalized bilateral pulmonary crackles. A systolic IV/VI parasternal murmur was identified on the left thorax, while the murmur intensity on the right side was III/VI. Electrocardiogram showed a sinus rhythm interrupted by ventricular ectopic beats. Two-dimensional (2D) echocardiography revealed a concentric hypertrophy of the left ventricle, with severe left atrium enlargement and mild pleural and pericardial effusion. A subaortic, hyperechoic structure was seen from the right parasternal five-chamber view, accompanied by post-stenotic aortic dilatation. The aortic peak velocity was 5.2 m/s, a feature that characterizes the severe form of aortic stenosis. The cat died shortly after presentation and necropsy was performed. Subaortic stenosis was confirmed on gross examination. The structure that induced stenosis of the left ventricle outflow tract (LVOT) had the appearance of a rudimental valve with moderator bands attached. Microscopically, it contains fibrous and smooth muscular tissue and cardiac conduction fibers. This type of subaortic stenosis resembles the cushion-like pseudovalve type described only in human cardiology. This is the first case describing clinical signs, ECG, echocardiography, and histopathological findings in a cat with cushion-like pseudovalve subaortic stenosis. Fixed subaortic stenosis is a rare congenital disease in cats, which should be taken into consideration in young cats with dyspnea and left ventricular hypertrophy.
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Introduction

Aortic stenosis (AS) is a rare congenital heart defect in cats. It is represented as a narrowing of the left ventricular outflow tract (LVOT) and/or the aorta, located below the aortic valve (subvalvular stenosis), above it (supravalvular stenosis), or at the valve level (valvular stenosis). This narrowing produces a turbulent blood flow that can be heard as a systolic murmur on the left heart base, as well as an increased blood flow velocity that can be detected and measured by Doppler echocardiography (1).

In dogs, aortic stenosis is one of the most frequently diagnosed congenital heart pathology (1–5). Based on post-mortem changes, AS is classified as a mild form, when small, whitish, slightly raised nodules are present on the endocardium of the ventricular septum, just below the aortic valve; a moderate form characterized by the presence of a ridge of fibrous tissue which extends from the base of the anterior leaflet of mitral valves across the interventricular septum to underneath the left coronary cusp; a severe stenosis characterized by the presence of a fibrous band or ridge, which completely encircles the left ventricular outflow tract below the aortic valve and forms a concentrically narrowing tunnel (6).

Although no consensus, there is a generally accepted severity scale where a patient is considered to be SAS-affected with an aortic velocity greater than 2.5 m/s. Based on the aortic velocity cutoffs and pressure gradients, respectively, aortic stenosis has been graded as a. equivocal (2–2.5 m/s; 16–24 mm Hg), b. mild (2.5–3.5 m/s; 25–49 mm Hg), c. moderate (3.5–4.5 m/s; 50–79 mm Hg), and d. severe (>4.5 m/s; ≥80 mm Hg) (3, 7).

Based on functional characteristics of the obstruction, subvalvular aortic stenosis is further categorized as fixed (static or resting) or dynamic (labile) (7, 8). A dynamic form of subaortic stenosis can occur in the following events: in idiopathic hypertrophic left ventricle with the ventricular septum protrusion into the LVOT; systolic anterior motion of the mitral valve (SAM), frequent in cats, which can occur concurrently or in the absence of LVH; in cases where aortoseptal angle is smaller than 180° from various reasons (9). The typically described features of feline fixed subaortic stenosis reflect the presence of a fibrous ring just underneath the aortic valve, encircling the LV outflow tract. This tissue may take the form of a discrete thin band, or as a wide plaque-like proliferation (10). This can cause left ventricular outflow tract obstruction, with concomitant increased afterload and compensatory left ventricular concentric hypertrophy and left atrial enlargement (11).


Patient information and clinical findings

A 15-month-old female European Short Hair (ESH) cat, weighing 3 kg, was brought to the Veterinary Emergency Hospital from the Faculty of Veterinary Medicine Cluj-Napoca. The cat has been experiencing respiratory issues, worsening over the past 3 days, apathy, and anorexia for the last 48 h. Upon examination, the cat exhibited a good body condition score (5/9), mild dehydration (5%), and dyspnea. A severe respiratory distress with abdominal effort developed during the clinical examination, and pulmonary crackles were detected upon auscultation. Blood work-up was carried-out with the evidence of a mild respiratory acidosis (pH 7.2, pCO2 45.8 mmHg, HCO3 22.6 mmol/L, and lactate 3.2 mmol/L). The cat was tested for the most common viral feline infectious disease and was positive for Feline Coronavirus Antigen Test (Vet Expert rapid test). Thoracic radiography confirmed generalized lung edema and the cat was referred to the Cardiology Department for further evaluation.

On heart auscultation, left parasternal IV/VI systolic murmur was identified, while murmur intensity on the right side was III/VI. Diffuse pulmonary crackles were identified bilaterally. The femoral pulse was considered normal. ECG revealed a sinus rhythm interrupted by isolated ventricular beats with a heart rate of 120 p.m. (Figure 1).

[image: Electrocardiogram (ECG) displaying multiple leads labeled I, II, III, aVR, aVL, and aVF. Each lead shows a series of spikes and waves representing heart rhythm and electrical activity over time, on a grid background.]

FIGURE 1
 Six lead ECG in a 15-month-old cat identified a sinus rhythm interrupted by two ventricular premature complexes with right-bundle branch block (RBB) morphology, suggesting left ventricle origin.




Diagnostic assessment

The standard transthoracic 2D echocardiography (12) identified in the right-parasternal, long-axis four-chamber view, a concentric hypertrophy of the left ventricle. The interventricular septum diameter in end-diastole was 8 mm. In the right parasternal long-axis four-chamber view at end-systole, a moderate left atrium dilatation was identified, with a left atrium transversal diameter (LAD) of 20 mm, and mild pleural and pericardial effusion were observed. In the right parasternal, long-axis five-chamber view, color Doppler identified a turbulence within left ventricle outflow tract and a mitral regurgitation resembling with the classic aspect of systolic anterior motion of the septal mitral leaflet (SAM). In the same view, beneath the aortic valve, a subaortic hyperechogenic structure was noticed (Figure 2). Post-stenotic aortic dilatation was also present. On the five-chamber view from left-side, the aortic peak velocity was 5.2 m/s, which corresponds to a severe aortic stenosis (3).
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FIGURE 2
 Echocardiographic for right parasternal long-axis five-chamber view. LA, left atrium; LVPW, left ventricle posterior wall; Ao, aorta; Av, aortic valves; SCP, subaortic cushion-like pseudovalve; MV, mitral valve; MB, moderator bands; Pe, pericardial effusion.


Despite specific therapy, consisting of oxygen (via box), buthorphanol (0.2 mg/kg, IV), and furosemide (2 mg/kg IV), the cat died in a short time after presentation.

During necropsy, cardiogenic severe pulmonary congestion and edema (diffuse, bilateral) was present. The gross examination of the heart showed marked concentric hypertrophy of the left ventricle, with a total cardiac mass of 28 grams, which is 0.93% of the total body weight (3 kg). This hypertrophy was accompanied by severe dilation of the left auricle. The presence of marked stenosis in the left ventricular outflow tract (LVOT), characterized by the appearance of a rudimental valve resembling the description of the cushion-like pseudovalve (13) with moderator bands attached (Figures 3B–D), was observed. Moderate post-stenotic dilatation was noted at the level of the aorta. Additionally, within the left auricle adjacent to the mitral valve, a well-demarcated, focal-extensive area of fibrosis measuring 1 cm × 1 cm with partial endocardial disruption was present. The heart was fixed in 10% neutral buffered formalin (Figure 3C). The routine protocol of paraffin wax embedding was followed, and the samples were sectioned at 4 μm. The slides were stained with Hematoxylin and Eosin stain (H&E stain) (Figures 3E–G) and Masson’s trichrome stain (Figure 3H) (14). The myocardium showed concentric hypertrophy without myofiber disarray or diffuse interstitial fibrosis, features required for the diagnosis of primary HCM. The changes were consistent with pressure-overload hypertrophy secondary to a fixed subaortic obstruction. Microscopically, the cushion-like pseudovalve (Figure 3E) was composed of irregularly arranged bundles of cardiomyocytes interspersed with edematous fibrous connective tissue, foci of the metaplastic cartilage (Figure 3F), and glycogen-rich cardiomyocytes, resembling cells of the conduction system (Figure 3G) (1, 15). The predominance of the fibrous connective tissue within the composition of the pseudovalve was confirmed with Masson’s trichrome staining (Figure 3H).

[image: Panel A shows gross views of cat heart, both left ventricle and right ventricle faces, with labeled atria and ventricles. Panel B displays a close-up of the left atrium, showing the subaortic cushion-like pseudovalve and the fibrosis of the left atrial endocardium. panel C highlights the subaortic cushion-like pseudovalve and the moderator bands in the left ventricle. Panel D depicts dissection with visible aorta, left atrium, and associated structures. Panel E shows a low-magnification histological section with the subaortic cushion-like pseudovalve, progressing to higher magnification in panel F. Panel G presents additional details at the same magnification. Panel H uses a different staining technique to contrast myocardial and pseudovlave tissues.]

FIGURE 3
 Gross and histological features of the cushion-like pseudovalve: (A) the heart is markedly enlarged, with elongation of the long axis and severe, diffuse distention of the left atrium–left ventricle and right ventricle faces; (B) the subaortic cushion-like pseudovalve and the fibrosis of the left atrial endocardium (black arrow); (C) the moderator bands connect the subaortic cushion-like pseudovalve with both free and septal ventricular walls (fixed specimen); (D) frontal view of the subaortic cushion-like pseudovalve located under the mitral valve, with few rudimentary chords attaching the pseudovalve to the left ventricle; (E, F) histologically the subaortic pseudovalve consists of fibrous connective tissue composed of parallel bundles of thick collagen separated by few fibrocytes and pale-basophilic, myxoid extracellular matrix. Fibrous connective tissue surrounding the cardiomyocytes and foci of metaplastic cartilage (H&E stain, Image E bar = 500 μm, Image F bar = 100 μm); (G) glycogen-rich cardiomyocytes, H&E stain, bar = 50 μm; (H) predominance of the fibrous connective tissue within the structure of the pseudovalve, Masson’s trichrome stain, bar = 100 μm. LA, left atrium; LV, left ventricle; RA, right atrium; RV, right ventricle; Ao, aorta; SCP, subaortic cushion-like pseudovalve; MV, mitral valve; MB, moderator bands; Mc, myocardium.


Table 1 summarizes the progression of clinical signs, diagnostic evaluations, therapeutic interventions, and outcome.


TABLE 1 Timeline of clinical events, diagnostic findings, and interventions.


	Time Point
	Findings
	Diagnostics
	Interventions

 

 	Day −3 	Respiratory distress 	– 	–


 	Day −2 to 0 	Apathy, anorexia 	– 	–


 	Day 0 (admission) 	Dyspnea, 5% dehydration, pulmonary crackles 	Blood gas: pH 7.2, pCO₂ 45.8; FCoV + 	O₂, butorphanol, furosemide


 	Day 0 (imaging) 	Pulmonary edema 	Thoracic radiographs 	–


 	Day 0 (cardiology) 	Murmur (IV/VI), arrhythmia 	Echo: LV hypertrophy, LA dilation, LVOT obstruction, AV 5.2 m/s 	–


 	After echo 	Respiratory worsening 	– 	O₂, diuretic


 	Same day 	Death 	– 	–


 	Post-mortem 	Severe pulmonary edema, LV hypertrophy, LVOT stenosis 	Histology: fibrous tissue, cartilage in pseudovalve 	–




 




Discussion

Subaortic stenosis is a rare congenital disease in cats (1, 8, 11, 16, 17), and although the numbers are sparse, subvalvular AS appears to be the most common form (10, 18–21). However, the scarcity of recent descriptions of this congenital heart disease makes it questionable nowadays if it is indeed a common disease (11). With only a few cases published recently (11, 16, 22, 23), SAS remains on top of congenital pathology in cats, being the second, after ventricular septal defect (2), and the sixth according to Tidholm (24). It is encountered in 7%–17% of all congenital cardiac defects in this species (25).

In humans, subaortic stenosis is divided in four categories: type I, a thin membranous diaphragm at the cranial portion of the left ventricular outflow tract; type II, a thick fibrotic ring, few centimeters below the aortic valve; type III, irregular fibromuscular additional tissue just below the aortic valve; and type IV, tunnel-like obstruction of the left ventricular outflow tract (26, 27). In only two cases, postmortem necropsy revealed a membranous or cushion-like pseudovalve that produced the obstructions of the left ventricular outflow tract (28). In our case, subaortic obstruction does not resemble the classical forms described in dogs and human (6), yet more with the cushion-like pseudovalve type.

Currently, diagnosis of stenosis is based on echocardiographic evaluation of the left ventricular outflow tract morphology and the measurement of LVOT/aorta peak velocity with continuous wave (CW) Doppler (1). In a study describing six cats with SAS (16), the diagnosis was confirmed by different methods: angiography, echocardiography, or necropsy. Only four out of six cats were further sent for a complete necropsy examination, and each of them had classic fibrous-appearing subaortic bands encircling and obstructing the left ventricular outflow tract.

The clinical signs reported in our case, especially dyspnea and pulmonary crackles, and systolic murmur with the point of maximum intensity on the left cardiac base, along with the echocardiography findings, such as LVH, LA dilation, turbulent jet on LVOT, elevated transvalvular pressure gradient at the level of the aortic artery, and post stenotic dilatation, are consistent findings found in all previously described feline subaortic stenosis (SAS) cases (2, 11, 16, 24, 29). The novelty of our case represents the ECG examination with abnormalities identified, consisting of ventricular premature contraction (VPC’s). Usually, on ECG, depression of the ST segment may appear due to a hypoxic, hypertrophied left ventricle, suggesting myocardial ischemia or secondary repolarization changes (1). However, in most cases, the ECG reveals a normal sinus rhythm (11, 16). A particular change identified in this case is the macroscopic appearance of the subaortic stenosis structure, a rudimental valve with a moderator bands attached, or a cushion-like pseudovalve, as described in human cardiology (13). This type of structure was described in two cases, and in only one, the histopathology was available, which confirmed the stenosis as being a fibrous pseudovalve. There are no other specifications, as in our case, there were also moderator bands attached or other tissues involved beside the fibrous one. Therefore, a clear definition or set of standard diagnostic criteria for this subtype of subaortic stenosis is lacking. However, it can be noted that this type of stenosis is distinguished by its macroscopic appearance, resembling a pseudovalve. The moderator bands are considered to be a congenital malformation (30), which appear as muscular tendons bundles, with the role of creating a connection between the ventricular septum and the free ventricular wall (31), and with a potential role to prevent excessive straining in ventricular diastole (32). Moderator bands are a common finding in mammals within the structure of the right ventricle, but they are considered rather rare in the left ventricle (31, 33).

SAS have hypertrophic cardiomyopathy as the primary differential diagnosis followed by secondary LVH, caused by systemic hypertension, acromegaly, myocardial infiltrative disease (e.g., lymphoma), hyperthyroidism, dystrophin-deficient hypertrophic feline muscular dystrophy, or administration of steroids (28, 34). The difficulty in confirming feline aortic stenosis lies in the high prevalence of HCM (28, 34, 35) with systolic anterior motion of the mitral valve. The mitral regurgitation noticed in some cases of subaortic stenosis may develop as the anterior mitral leaflet is drawn into the left ventricular outflow tract during the systole by the high velocity flow (16), which makes the diagnosis even more difficult. In cats with longstanding SAM or focal basilar septal hypertrophy, it may be impossible to be confident in a diagnosis of subaortic stenosis when high LVOT velocities are also visualized (17). AS shares many clinical and diagnostic features with idiopathic HCM, including left ventricular hypertrophy, mitral regurgitation, left atrial dilation, varying degrees of left ventricular outflow obstruction, high aortic blood flow velocity, and left-sided congestive heart failure (2, 11, 16, 24, 29).

In our case, the age of the patient and the appearance of a hyperechogenic structure just below the aortic valve, accompanied by a post-stenotic aortic dilatation, helped in certifying SAS as the diagnosis. Usually in ESH cats, HCM appears in middle-aged to older cats (36), and our patient was young, therefore the diagnosis was oriented toward a congenital pathology. In neither of the literature consulted was it specified that HCM can induce aortic dilatation and the hyperechogenic appearance below the aortic valve was the key element. Based on both the echocardiographic and histopathological findings, the possibility of concomitant hypertrophic cardiomyopathy in this case can be considered extremely unlikely.

As a clinical sign, dyspnea is the most common finding in cats with SAS or other types of AS (1, 11, 16, 17, 23). Dyspnea appears due to pulmonary edema and/or pleural effusion. Pulmonary edema develops from increased left ventricular filling pressures, secondary to left ventricular diastolic dysfunction and mitral regurgitation, which is the most frequent and pernicious complication of cardiomyopathies.

Pericardial effusion in cats is relatively rare, and the most common underlying cause of pericardial effusion is congestive heart failure (induced by cardiomyopathies, mitral valve disease, or pulmonic and aortic stenosis) and feline infectious peritonitis (37, 38), followed by neoplasia, pericardial–peritoneal diaphragmatic hernia, systemic infections, and uremia (37, 39, 40). Pleural effusion in cases of HCM indicates a biventricular failure (41). Right ventricular failure in the setting of AS may be secondary to pulmonary venous and arterial hypertension, caused by elevated left atrial pressures (16). Therefore the pleural effusion presented here most probably was related with the congestive heart failure caused by the myocardial hypertrophy rather than coronavirus (feline infectious peritonitis). One cat had pericardial effusion, diagnosed postmortem with SAS (16), with no evidence of feline coronavirus infection.

Another possible complication of SAS is thromboembolism. There is only one case that developed it (23), and it had specific clinical signs: hindlimbs paralysis with no palpable femoral pulses, cyanosis of the footpads, and excessive vocalization. Even though our cat presented a severely enlarged LA, on echocardiography and necropsy, there were no thrombus identified.

Stepien and Bonagura (16) consider a high risk of bacterial endocarditis in SAS and recommend antibiotic therapy, although this complication has not been reported so far in feline fixed SAS. On histopathological examination of the endocardium and the structure that produced the stenosis, there was no evidence of bacteria involvement.

To the author’s best knowledge, this is the first case describing clinical signs, ECG, echocardiography, and histopathological findings in a cat with cushion-like pseudovalve subaortic stenosis.
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