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Abstract Aneurysmal dilation of the atrial appendage (auricle) is rare in humans
and dogs. Congenital and acquired etiologies are hypothesized. Although right auri-
cular aneurysm has been described in dogs, this is the first case report of an aneur-
ysm of the left auricle of a dog with an intact pericardium. In humans, because
complications of arrhythmia and thromboembolic disease have been reported, sur-
gical resection of left auricular aneurysm is recommended. This report describes
the successful surgical resection of a left auricular aneurysm in a dog, including a
one-year follow up. Surgical resection can be considered in dogs with auricular an-
eurysm.
ª 2019 Elsevier B.V. All rights reserved.
A 9-year-old male neutered toy poodle was
referred for evaluation of a change in cardiac
murmur intensity. A left apical systolic murmur
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Fig. 1 Right lateral and ventrodorsal thoracic radiographs of a 9-year-old toy poodle with a smoothly marginated
soft tissue opacity silhouetting with the left cranial margin of the cardiac silhouette.

a Ethicon, Ethicon Inc., Somerville, New Jersey, USA.
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primary care veterinarian diagnosed pulmonary
crackles and a murmur progression from a grade
III/VI to a grade V/VI. The patient was prescribed
pimobendan (0.25 mg/kg PO q 12 h) and furo-
semide (2.5 mg/kg PO q 12 h), in addition to ena-
lapril. The patient’s attitude and appetite
improved with therapy.

On examination, the patient was bright and
alert with a body weight of 5.3 kg and a body
condition score of 5/9. Heart rate was 90 beats/
minute with a grade VI/VI left apical systolic
murmur. Respiratory rate was 26 breaths/minute;
the patient was eupneic with normal lung sounds.
A Doppler blood pressure was 120 mmHg. The oral
mucous membranes were pink and moist with a
capillary refill time of less than 2 s.

The concern for historical signs associated with
congestive heart failure prompted a more thor-
ough cardiac evaluation. Thoracic radiographs
(Fig. 1) showed a soft tissue opacity silhouetting
with the left cranial margin of the cardiac silhou-
ette. Differential diagnosis included pericardial
mass, pericardial cyst, pericardial herniation, left
atrial appendage (auricle) dilation, or pulmonary
soft tissue mass.

Echocardiography (Fig. 2) revealed aneurysmal
dilation of the left auricle and myxomatous valve
disease (classified as American College of Veteri-
nary Internal Medicine (ACVIM) stage C based on
previous response to diuretic therapy) including
moderate-to-severe mitral and mild tricuspid
regurgitation, mild dilation of the body of the left
atrium (ratio of the left atrial dimension to the
aortic annulus dimension [LA:Ao] 1.62 (range nor-
mal LA:Ao<1.6 [1,2]) andmoderate left ventricular
dilation (normalized diastolic left ventricular
internal dimension 2.1) (range 1.27e1.85 [3]).

Surgical removal of the aneurysm was recom-
mended because of the risk of arrhythmia,
thromboembolism, or rupture. Preanesthetic
blood panel showed a normal hemogram and leu-
kogram; the platelet count was 204,000/mL (range
235,000e694,000/mL), with a mild elevation in
mean platelet volume at 11.3 fL (range
6.1e10.1 fL). Serum chemistry abnormalities
included mild hypochloremia at 102 mmol/L (range
105e123 mmol/L), hypercholesterolemia at
268 mg/dL (range 124e264 mg/dL), hyper-
albuminemia at 4.1 g/dL (range 2.2e3.9 g/dL),
and elevated alkaline phosphatase activity at 154
U/L (range 11e131 U/L).

Two days after diagnosis, the patient presented
for surgery. Blood typing and crossmatching were
performed, and clotting times (prothrombin time
and partial thromboplastin time) were within ref-
erence intervals. General anesthesia was induced,
and the patient was positioned in right lateral
recumbency. The left lateral thorax was prepared
for aseptic surgery. A standard left fifth intercostal
thoracotomy was performed. The pericardium was
incised and temporarily sutured to the body wall to
gain access to the left auricle (Fig. 3A). The peri-
cardium was intact but thin over the area of the
aneurysm. The left auricle was immobilized and
clamped with a tangential vascular clamp at the
level where it joined the left atrium. The aneur-
ysm was sharply excised. The tissue edges were
opposed distal to the clamp with three horizontal
mattress sutures followed by a double oversew
continuous pattern using 3-0 polydioxanone.a The
clamp was temporarily opened to place an addi-
tional suture over a small area of hemorrhage;
otherwise, the surgical site had no leakage or
hemorrhage (Fig. 3B). Thoracic lavage was per-
formed with sterile saline. The temporary peri-
cardial stay sutures were removed. A



Fig. 2 Right parasternal short-axis echocardiographic view showing moderate dilation of the left atrial body and
severe dilation of the left auricle, with the left auricle exceeding the size of the body of the left atrium. The peri-
cardium is normal in appearance.

Fig. 3 A) Intraoperative photograph of an aneurysm of the left auricle of a dog. For orientation, cranial is to the left
of the image and caudal is to the right of the image. The black arrows denote where the pericardium has been
temporarily tacked to the body wall for exposure of the aneurysm, and the aneurysm is marked with an asterisk. The
white arrow points to the cut surface of the pericardium (overlying the left ventricle). (B) Intraoperative photograph
after resection of the left auricular aneurysm in the dog. The black arrow points to the double oversew suturing across
the area of resection of the aneurysm from the left atrium.
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thoracostomy tubeb was placed and secured with
2-0 nylona. Routine layered closure of the thor-
acotomy was performed using 2-0 polydioxanonea

circumcostal sutures, 3-0 polydioxanonea for
muscle apposition, and 3-0 poliglecaprone 25a for
subcutaneous closure. Skin staples and a soft-
padded chest wrap were placed.
b Argyle Trochar Catheter, Covidien, Mansfield, Massachu-
setts, USA.
The resected portion of the left auricle was
submitted for histopathology. Grossly, the
formalin-fixed left auricular tissue was thin and
almost translucent. The epicardial surface was
slightly roughened. The histopathology showed
multifocal thinning of the left auricular wall and
fibrous connective tissue within the epicardium
(Fig. 4). The epicardium was multifocally thick-
ened by short, papillary fronds composed of a
core of fibrovascular tissue lined by hypertrophied



Fig. 4 Cross-section through the wall of the resected
left auricular aneurysm. The myocardium is multifocally
thin and short papillary fronds (mesothelial papillary
hyperplasia) project into the pericardial space (*). The
mesothelial papillary hyperplasia and subepicardial fib-
rosis are highlighted in blue on the Masson’s trichrome
stain (right corner inset). L ¼ left auricular lumen, H&E
stain, original magnification ¼ 100�.
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mesothelial cells (mesothelial papillary hyper-
plasia). The subepicardium was also multifocally
expanded by interstitial collagen (fibrosis). Sub-
epicardial myofibers exhibited vacuolation and
variation in myofiber diameter (anisocytosis),
with occasional myocyte and/or nuclear enlarge-
ment (karyomegaly). The histologic diagnosis was
mild, multifocal, chronic myofiber degeneration,
with subepicardial fibrosis and mesothelial papil-
lary hyperplasia. There was no evidence of
neoplasia.
Fig. 5 Right lateral and ventrodorsal thoracic radiograph
aneurysm of the left auricle. There is mild left atrial and v
ulectomy is indistinct. The pulmonary parenchyma is norma
Immediately after surgery, there were no signs
of congestive heart failure or cardiac arrhythmias.
The patient was discharged from the hospital three
days after surgery and was prescribed clopidogrel
for thrombotic prophylaxis (3.5 mg/kg PO q 24 h)
and buprenorphine (0.02 mg/kg buccally q 8 h) for
analgesia. Echocardiogram immediately after sur-
gery and two weeks after surgery were similar and
showed absence of the left auricle, with no visible
thrombi within the body of the left atrium; LA:Ao
1.62.

During eleven months of the follow up, the
patient was eating and drinking well at home, with
a normal respiratory pattern and no episodes of
exercise intolerance. Four months after surgery,
echocardiogram showed similar moderate mitral
valve thickening and severe prolapse and regur-
gitation; there was severe left atrial (LA:Ao 2.0)
(range normal LA:Ao <1.6 [1,2]) and left ven-
tricular dilation; there was mild pulmonary arterial
hypertension (estimated systolic pulmonary artery
pressure 45 mmHg) (range normal 25 mmHg, mild
<50 mmHg, moderate 51e74 mmHg, severe
>75 mmHg [4]). Clopidogrel was discontinued and
furosemide was increased to 2.5 mg/kg three times
daily. At eleven months after surgery, echocardio-
gram was static. Thoracic radiographs at both four
and eleven months after surgery (Fig. 5) showed no
evidence of pulmonary edema. Serum renal chem-
istry values were normal. A collapse episode at
home eleven months after surgery prompted neu-
rologic evaluation, and an abnormality was local-
ized to the left prosencephalon or peripheral
vestibular system. Magnetic resonance imaging was
declined, and the case was lost to follow up.
s of a dog eleven months after surgical resection of an
entricular enlargement; the site of previous left auric-
l.
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Discussion

An aneurysm of an auricle is an abnormal bal-
looning of part of the wall of the auricle [5]. In
veterinary species, aneurysms of the right auricle
have been described. In cattle, two proposed eti-
ologies for right atrial aneurysm exist; those that
communicate with the atrial lumen are thought to
be caused by a primary weakness within the atrial
wall, whereas those with no atrial communication
might be a sequela of systemic hypertension
affecting intramural coronary arteries within pec-
tinate muscles [6]. Three dogs have been reported
in the veterinary literature with dilation of the
right auricle [7,8]. For one dog, acute death
occurred, and a diagnosis of right auricular
aneurysm was confirmed on post mortem exami-
nation [7]. One dog died of seizures, and definitive
diagnosis was not reached [8]. The third dog did
not have a true aneurysm; rather, auricular her-
niation through a pericardial defect was diagnosed
at surgery [8]. There are two additional case
reports of dogs with herniation of the left auricle
through a pericardial defect [9,10]. Our case had
no pericardial defect on echocardiographic
images. This was confirmed surgically by an intact,
albeit thin, pericardium over the auricle. Although
we did not obtain a piece of the pericardium for
histopathology, the continuity of the pericardium
in our dog suggests that the etiology is distinct
from herniation through a pericardial defect. To
the authors’ knowledge, there have been no
reports in the veterinary literature of left auricular
aneurysms in dogs.

In humans, left auricular aneurysms are rare;
they are most frequently congenital [11]. The
exact pathogenesis is poorly understood but is
thought to be due to weakness of the appendage
wall [12]. In the canine patient, we report, here,
that a congenital focal weakness of the left
auricular wall is possible. Histopathologic changes
were similar to those reported in humans: thinning
and atrophy of the myocardium and replacement
with fibrous tissue [5,11,13]. However, an acquired
weakness secondary to chronic mitral regur-
gitation is also possible [14].

For humans, even asymptomatic patients, sur-
gical resection is recommended due to potentially
fatal complications including arrhythmias, embolic
disease, and congestive heart failure [11,12,15]. In
humans, various surgical approaches are descri-
bed, including open or minimally invasive techni-
ques, and those with and without cardiopulmonary
bypass [5,12,13,16,17]. Although a minimally
invasive approach has been described exper-
imentally in normal dogs [18], we chose an open
approach for this dog due to the small size of the
patient as well as the risk for significant hemor-
rhage and the improved access to clamp and resect
the potentially fragile aneurysm. A clamp appli-
cation and oversew technique was used rather
than the use of staplers or traction necessary for
endoloop ligation, because of the thin walls of the
aneurysm [16]. We used a polydioxanone suture
material in our case; however, non-absorbable
suture materials are more standard for use in
cardiac surgery. Intraoperative transesophageal
echocardiography may have been useful in our
case to ensure no pulmonary vein impingement
during aneurysm resection [17].

We recommended surgical excision because of
the risk of arrhythmia, thromboembolism, or rup-
ture of the aneurysm. An argument can be made
for non-surgical management of auricular aneur-
ysm in dogs, as there are potential complications
associated with surgical excision, such as hemor-
rhage or arrhythmias during surgery. In addition,
the left auricle in dogs is thought to have impor-
tant reservoir functions to prevent elevation in left
atrial pressure [19]. Experimentally, left auricular
exclusion in dogs showed a significant increase in
early diastolic transmitral flow velocity but no
significant changes in left atrial pressure, left
ventricular volume, and stroke volume. The long
term effects of left auriculectomy are unknown
[20]. Therefore, removal of the dilated left auricle
could predispose a patient with mitral insuffi-
ciency to elevated left atrial pressures and left-
sided congestive heart failure. Signs of con-
gestive heart failure were not observed in our
patient after surgery; however, our case did not
have evidence of arrhythmia or thromboembolic
disease at diagnosis, and these potential sequelae
to aneurysm could be monitored for and poten-
tially treated medically if they occurred, without
the need for surgical intervention. The possibility
for aneurysm rupture was the most compelling
reason for recommending surgery in our case. This
likelihood of rupture was unknown, but, given the
thinning and fibrosis of the aneurysm wall con-
firmed on histopathology, rupture could have been
a risk for our patient.

In conclusion, we report a good outcome after
surgical resection of a left auricular aneurysm in a
dog. This diagnosis should be included in dogs
presenting with a soft tissue opacity associated
with the left cranial margin of the cardiac
silhouette.
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