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Abstract

Congenital heart diseases have rarely been described in rabbits. The
purpose of the present case report is to describe the clinical,
radiological, echocardiographic and pathological features of a partial
atrioventricular septal defect in a pet rabbit. A 3-month-old 380-gram
male vaccinated pet rabbit was presented for decreased activity,
increased respiratory rate and effort, anorexia and decreased fecal
output of two days of duration. Total body radiographic images revealed
severe cardiomegaly associated with enlarged caudal pulmonary
vessels and increased interstitial to alveolar lung pattern.

Echocardiographic imaging showed evidence of distended heart

chambers, abnormal flow through the atria, and mitral valve



regurgitation. The rabbit was treated with furosemide and an
angiotensin-converting enzyme inhibitor but rapidly deteriorated and
died. Necropsy confirmed the dilation of both ventricles and the
presence of partial atrioventricular septal defect associated with an
ostium primum atrial septal defect just over the tricuspid valve and the
mitral valve.

Key words: atrial septal defect; rabbit; heart; diagnosis

A 3-month-old 380-gram male vaccinated pet rabbit was presented to the
Clinica per Animali Esotici for decreased activity, increased respiratory rate
and effort, anorexia, and decreased fecal output of two days of duration. The
referring veterinarian performed an initial physical examination, vaccination,
and administered antiparasitic medication 2 weeks earlier with no
abnormalities detected. Upon physical examination the rabbit appeared dull,
dehydrated (skin fold 3-4 seconds), hypothermic (37.2°C; reference 38.0-
40.0°C) %, and tachypneic (approximately 100 breaths per minute). Oral and
genital mucous membranes were pale. Cardiac auscultation revealed a heart
rate within normal limits (220 bpm), in absence of an appreciable heart
murmur.

Total body radiographic images were obtained in the unsedated rabbit
while fecal examination was performed using feces found in the inguinal area.
Simultaneously, an intravenous 25 g catheter was placed in the cephalic vein
while 100% oxygen was delivered at 4 L/min through flow-by. Blood glucose
(65 mg/dL; reference range 75-150 mg/dL) was measured by means of a
portable blood glucose meter (AccuChek Aviva, Roche, Mannheim, Germany)

from a drop of blood obtained during the intravenous catheter placement.



The total body radiographic images were acquired with a digital indirect
instrument using 52 kVp, 250 mA and 10 ms (Fig. 1). Adjustment of the
window and level were used to study lung parenchyma and reduce the
excessive contrast. The cranial mediastinum was difficult to evaluate on the
lateral view due to summation with the severely enlarged cardiac silhouette
(VHS: 11, reference range 7.17-7.92) %, however on the ventro-dorsal view the
thickness was within normal limits. The trachea had a consistent diameter and
was dorsally elevated throughout it’s length in the thorax by an increase in the
size of the rabbit’s heart. The cardiac silhouette showed a straight caudal
margin, that extended dorsally along with moderate dorsal and lateral
displacement of the left main bronchus. Due to the technique used to obtain
the images, the cranial pulmonary artery and veins were not visualized, but
the right caudal pulmonary artery was prominent and enlarged. The right
pulmonary vein was also prominent. The left caudal pulmonary artery and
vein were not visualized due to an increased interstitial to nearly alveolar
pattern affecting part of this lung lobe. On the lateral view, the summation of
the enlarged pulmonary artery and the interstitial pattern increased the opacity
of the caudo-dorsal lung field. The other lung lobes were within normal limits.
The poor abdominal detail was considered both age and species related.
Granular material was observed in a moderately distended stomach and most
of the small and large intestinal loops were filled with ingested material. The
cecum was considered within normal size limits and contained a moderate
amount of gas and granular material.

The generalized increase in cardiac silhouette size, associated with

increased lung vessels and interstitial lung pattern, primarily localized on the



caudo-dorsal lung field, was most likely associated with a volume overload
and left sided congestive heart failure. The visible portion of the abdomen
was considered within normal limits. Differential disease diagnoses
considered in this patient following evaluation of the radiographic images were
mitral valve dysplasia, patent-ductus arteriosus, interatrial septal defect,
interventricular septal defect and cono-truncal defects. Considering the clinical
presentation and the radiographic findings other differential disease diagnosis
were considered extremely improbable.

Using thorax ultrasonography, performed with a linear high-frequency
ultrasound probe (L8-18i, General Electrics, Fairfield, CT, USA), the authors
were able to rule out the presence of masses in the thorax, peritoneal-
pericardial herniation, and pericardial or pleural effusion. Color-flow Doppler
and B-mode echocardiography performed with a phased array probe (6S-RS,
General Electrics, Fairfield, CT, USA) revealed left-to-right, low velocity, blood
flow across the interatrial septum (Fig. 2). A regurgitant flow from the left
ventricle into the left atrium indicated moderate mitral valve regurgitation.
Echocardiography was performed rapidly, as the rabbit showed signs of
discomfort along with an increased respiratory effort. An electrocardiogram
(ECG) obtained during the echocardiogram did not show any evidence of
alterations when compared to reference values.® The rabbit’s health condition
rapidly deteriorated until spontaneous death approximately 1.5 hours after
admission.

After obtaining the owner’s consent a post-mortem examination was
immediately performed on the rabbit. The cecum and the stomach appeared

moderately distended. A small volume of clear fluid was present in the



pericardium. The heart appeared generally enlarged when subjectively
compared to a similar sized rabbit. The first cardiac incision was performed on
the right ventricle parallel to the interventricular septum. A second incision
was executed on the midline of the left ventricle from the cardiac apex,
including the entire left atrium. All four chambers appeared moderately
dilated, compared to hearts from similar size rabbits. The right ventricular wall
was considered thin. A large defect in the atrial septum was evident over the
mitral and tricuspid valves partially involving the region of the endocardial
cushion (Fig. 3), consistent with an AV septal defect associated with an
ostium primum atrial septal defect. Histopathology revealed mild
subendocardial fibrosis and the myocardiocytes were slightly reduced in size
characterized by hyperchromatic nuclei and lack of cross-striations (Fig. 3,
Inset). Diffuse congestion was observed in the kidney, liver and spleen. The
liver was also effaced by multifocal degeneration, mainly centered around the
centrilobular veins. The final diagnosis was biventricular congestive heart

failure caused by a partial AV septal defect.

DISCUSSION

Congenital heart diseases (CHDs) remain a leading cause of morbidity and
mortality in humans and animals.*® Atrioventricular septal defects occur due
to an abnormal and incomplete formation of the endocardial cushion during
fetal life. This condition can be either complete or partial. In the former, a
common AV valve is present, while partial AV septal defects are associated
with 2 separate valves/orifices. Atrioventricular septal defects are usually

associated with other malformations of the AV region, such as atrial septal



defects (ASD), ventricular septal defects, persistent left cranial vena cava,
and abnormalities of the mitral valve often leading to valvular insufficiency.®
Atrioventricular septal defects are a rare malformation in dogs, while in cats
they represent approximately 2% of all congenital cardiac defects.””

In rabbits, CHDs are an uncommon finding.*® Natural occurring
ventricular septal defects have been described in three rabbits.**™** Cor
triatriatum dexter had been suspected in a young symptomatic rabbit.** A
large investigation of a specific laboratory strain of rabbits (111VO/J) revealed a
high prevalence (5%) of congenital pulmonary and aortic malformations, often
associated with ventricular septal defects.™ To the best of the authors’
knowledge atrial septal defects, including patent foramen ovale, and AV
septal defects have not been previously reported in rabbits in the scientific
literature.

In recent years there has been more attention focused on rabbit
cardiac disease. Relevant diagnostic tests for direct and indirect cardiac
evaluation in rabbits? have been improved and enhanced thereby increasing
the diagnosis of heart disease in these animals.*® In this report the clinical and
pathological changes associated with a partial AV septal defect associated
with a large ASD in a clinically ill young rabbit are described. The animal also
had mitral valve insufficiency which may have played a significant role in the
observed volume overload and increased heart size. The mitral valve
insufficiency was likely the consequence of a primary valvular abnormality as
this condition is often present in endocardial cushion defects.®

In the present case, the interatrial septum was, on the whole, not

present. This alteration resembled the ostium primum atrial septal defect



diagnosed in humans.*® An ostium primum atrial septal defect is located in the
most anterior and inferior aspect of the atrial septum and can be considered
the simplest form of AV septal defect.'® Affected humans and animals may
develop clinical signs in childhood, adulthood, or may remain subclinical.*”*®
Given that histopathology of major abdominal organs also revealed pathologic
changes, most likely secondary to cardiac disorders, the authors suggest, that
in this case, the cardiac malformation was responsible for the congestive
heart failure and death of the rabbit. Since histopathology of the lungs was not
performed, it is not possible to have a definitive confirmation that the rabbit in
this report suffered pulmonary edema. It is not possible to exclude that
handling during diagnostic and therapeutic procedures caused stress and
tachycardia, thus exacerbating the cardiac insufficiency which subsequently
contributed to the death of the patient.

The fact that, in the present case, the ECG showed no evidence of
arrhythmias is not completely unexpected since in ASD-affected dogs, ECG
alterations are usually observed when ASD is associated with a concomitant
heart disease (e.g., aortic stenosis, acquired mitral valve disease).?
Veterinarians should be aware that AV septal defects may occur in pet rabbits
and therefore it should be included in the differential disease diagnoses for

early-onset cardiomegaly.
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Figure 1. Right lateral and dorso-ventral body radiographs of a 380-grams pet
rabbit presented for decreased activity, increased respiratory effort, anorexia,
and pale mucous membranes. Despite overall poor positioning consequent
to respiratory distress and lack of sedation, there is evidence of a severely
enlarged cardiac silhouette (asterisk, arrowheads), associated with enlarged
caudal pulmonary vessels and increased interstitial to alveolar lung pattern.
This was most likely consistent with congestive left sided heart failure.
Figure 2. B-mode and color-flow Doppler echocardiography of a 380-gram
rabbit. Apical five-chamber view. The left-to-right flow through a large ostium
primum ASD is evident.

Figure 3. Gross and histopathology specimen of the heart of the rabbit. A.
Right ventricle is reflected. B. Left ventricle is sectioned on its midline. Note
the large ostium primum ASD over the tricuspid and mitral valves
(arrowheads). IVS: Interventricular septum; LV: Left ventricle; MV: Mitral
valve; RA: Right atrium; RV: Right ventricle; TV: Tricuspid valve. Inset:

Histology of the heart of the rabbit. Note the reduction in size of

myocardiocytes. Haematoxylin & Eosin; Magnification 40x.









