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INTRODUCTION

Mitral stenosis (MS) is an uncommon congenital defect in the dog.1-3

Balloonmitral valvuloplasty (BMV) has been documented as an effec-
tive method for management of this disease in humans and in dogs.3,4

However, when congenital MS is diagnosed later in life, medical man-
agement and BMV may be complicated by the presence of disease
sequelae such as atrial fibrillation (AF) or left atrial (LA) throm-
bosis.3,5,6 Here we present a case of an adult dog with congenital
MS receiving hybrid BMV.
CASE PRESENTATION

A 5-year-old male intact Maltese dog (8 kg) was presented to the car-
diology service of our teaching hospital for evaluation of previously
diagnosed congenital MS. Before this evaluation, weakness, coughing,
and tachypnea associated with light activity were observed at home.
Four months before current presentation, the dog was diagnosed
with congenital MS with severe LA enlargement and AF with a ven-
tricular response rate of 200 beats/min. At that time, a mass lesion
was observed within the LA lumen using transthoracic echocardiogra-
phy (TTE). The dog was prescribed pimobendan (0.28 mg/kg orally,
twice daily), diltiazem (1.7 mg/kg orally, three times daily), and clopi-
dogrel (2.1 mg/kg orally, once daily). A subsequent examination
1 month later revealed an increased size of the mass within the LA
lumen and an inappropriately fast ventricular response rate (180
beats/min). On the basis of this information, an increase in the diltia-
zem dose (2.6 mg/kg orally, three times daily) was initiated; addition-
ally, the LAmass was assumed to be neoplastic in origin on the basis of
its increase in size despite presumed appropriate antiplatelet at doses
typically used in canine patients.

Two-dimensional andM-mode TTE at the cardiology service of our
teaching hospital revealed severe LA enlargement, mild main pulmo-
nary arterial dilation, mild right ventricular (RV) concentric hypertro-
phy, a well-defined mass lesion with heterogenous echogenicity
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extending from the left auricle into the LA lumen (Figure 1A, Video
1), and decreased excursion of the mitral valve (MV) leaflets with
prominent diastolic doming. Mild tricuspid regurgitation was
observed, with velocities that suggested the presence of mild pulmo-
nary hypertension; however, on the basis of the remodeling of the
right ventricle and main pulmonary artery, this may have been an un-
derestimation of the severity of pulmonary hypertension.

Left ventricular (LV) systolic function was normal. Color flow
Doppler imaging of the MV revealed mild mitral regurgitation (MR),
turbulent blood flowing into the left ventricle for the entirety of dias-
tole (Figure 1B, Video 2), elevated transmitral flow velocities (3.6 m/
sec), and flow profiles demonstrating a decreased E-F slope with pro-
longed pressure halftime of 465 msec (Figure 2, Video 3). These find-
ings were consistent with severe, congenital MS with mild MR. A one-
lead electrocardiogram recorded simultaneously with TTE revealed
AF.

Treatment options including current medical management, addi-
tional anticoagulant management, and BMV were discussed. The op-
tion of BMV was chosen because of the dog’s poor quality of life on
medical management, and a hybrid surgical approach was elected on
the basis of the size of the dog and the ability to choose an entry site
through the LA wall that had the potential to avoid the mass. The
following day, the dog was anesthetized, and transesophageal echo-
cardiography (TEE) was performed immediately before the surgical
procedure. TEE revealed that the mass within the left atrium had
increased in size compared with the previous examination, and spon-
taneous echocardiographic contrast was now present in the LA
lumen. These new findings made the diagnosis of a LA thrombus
more likely. Percutaneous access to the right jugular vein was obtained
with a 6-Fr introducer, and a 4-Fr temporary pacemaker lead was posi-
tioned in the RV apex. The transvenous pacemaker was to be used
subsequently during balloon inflation to aid balloon stability.

The dog was then moved into a tilted right lateral position for a left
thoracotomy in the fourth intercostal space. The pericardium was
then opened, and TEE and digital pressure on the LA wall were
used to identify an entry site that would avoid the thrombus (Figure 3).

An 18-gauge intravenous catheter was used to place a 8-Fr intro-
ducer into the LA lumen through the lateral wall, using TEE to docu-
ment avoidance of the thrombus (Video 4). Intravenous heparin (80
U/kg) was then administered. A 6-Fr balloon wedge catheter was in-
serted across the mitral orifice into the LV lumen. Fluoroscopy and
TEE were used to document this catheter position. A polytetrafluoro-
ethylene-coated guide wire was placed into the LV apex. The balloon
wedge catheter was removed, and a 12 mm � 3 cm balloon catheter
was positioned across the mitral orifice (Video 5). A 12-mm balloon
catheter was chosen, as it was roughly half the diameter of the mitral
annulus. The decision regarding balloon catheter size was based on
our personal experience. The right ventricle was rapidly paced at
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VIDEO HIGHLIGHTS

Video 1: Two-dimensional TTE, right parasternal long-axis

view during AF, demonstrates severe MS, characterized by

prominent diastolic doming of the MV leaflets, severe LA

enlargement, and a large LA thrombus.

Video 2: Two-dimensional TTE, right parasternal long-axis

viewwith color flowDoppler during AF, demonstrates turbulent

blood flowing into the left ventricle for the entirety of diastole

from the inflow obstruction caused by severe MS; mild MR is

also noted.

Video 3: Two-dimensional TTE, left parasternal apical view

with color flow Doppler during AF, demonstrates turbulent

blood flowing into the left ventricle for the entirety of diastole

from the inflow obstruction caused by severe MS; mild MR is

also noted.

Video 4: Intraoperative two-dimensional TEE, long-axis view

of the left heart, demonstrates the tip of the introducer catheter

within the dilated LA lumen and the large thrombus. These

images are intentionally overgained to highlight the introducer

tip, and this increases the appearance of the spontaneous

echocardiographic contrast.

Video 5: Intraoperative two-dimensional TEE, long-axis view

of the left heart during balloon catheter inflation, demonstrates

the agitated mixture of saline and contrast within the balloon as

it dilates while positioned across theMVorifice (although the full

extent of the balloon catheter cannot be visualized in this im-

aging plane). Also seen posteriorly within the left atrium (top of

the image) is a portion of the LA thrombus.

Video 6: Cine fluoroscopic imaging with the patient in a tilted

right lateral position (the patient’s head is to the left) during

balloon inflation and deflation demonstrates the balloon cath-

eter positioned over the guide wire and across the mitral orifice.

A distinct area of external compression is initially observed at the

level of the MV that resolves with continued inflation.

Video 7: Two-dimensional TEE, four-chamber long-axis view

of the left heart after completion of the BMV, demonstrates a

large, highly mobile LA thrombus crossing the mitral orifice in

diastole.

Viewthevideocontentonlineatwww.cvcasejournal.com.
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180 beats/min before and immediately after inflation of the balloon
catheter, to assist balloon stability across the stenotic valve during infla-
tion. A distinct waist of the balloon was observed, which resolved with
full inflation (Figures 3 and 4, Videos 5 and 6).

This process was repeated with a 14 mm � 3 cm balloon catheter
and a 16 mm� 3 cm balloon catheter. Preplanned stepwise inflations
were planned, on the basis of previous experience and in an attempt
to avoid overdilation.3 Fluoroscopy and TEE were used to observe the
balloon inflations, and TEE was used after each balloon inflation to
assess mitral leaflet mobility and mitral inflow profiles.

After the removal of the 16-mm balloon catheter, improved mitral
leaflet mobility was observed. Additionally, pulsed-wave, color flow
Doppler interrogation of the mitral inflow revealed apparently un-
changedMR severity and decreases in E-F slope and pressure halftime
(150 msec; Figure 2B). However, throughout the procedure, the size
of the thrombus appeared to progressively increase. Additionally, a
large portion of the thrombus was nowmobile and in close association
with the mitral orifice (Figure 5A, Video 7).

Treatment options were discussed, and surgical embolectomy was
elected. Following the placement stay sutures, a left atriotomy incision
was made in the distal auricular appendage with the goal of thrombus
extraction before potential systemic embolization. The auricular wall
was grossly thickened, making it difficult to identify the lumen. Using
TEE for guidance, forceps and surgical suction were used to remove
thrombus material (Figure 5). A vascular clamp was used to control
hemorrhage between extract attempts. There was robust adherence
of the thrombus to the atrial and auricular walls. Following partial
thrombectomy, the posterior wall of the left ventricle had an acute
decrease in systolic motion. A few seconds later, ventricular fibrillation
was observed. Resuscitation efforts were not successful, and the dog
died of a suspected coronary thromboembolism. Air embolism was
also considered a possibility. Although a full necropsy was not per-
formed, histopathology of the LA mass confirmed it as an intralumi-
nal, organizing fibrin thrombus.

DISCUSSION

MS is an uncommon cardiac disease in human patients, with congen-
ital MS being less frequent than acquired forms such as rheumatic or
degenerative mitral annular calcification.7 When congenital MS is
diagnosed in human patients, it is typically associated with additional
congenital cardiac diseases.8 In the dog, congenital MS is commonly
found as an isolated cardiac defect.1,3 Differentiating between a
congenital and rheumatic etiology for MS can be a challenge in hu-
man patients, but certain echocardiographic characteristics may be
of benefit in this evaluation.9 Acute rheumatic MS in humans may
have characteristic echocardiographic lesions such as chordal elonga-
tion, chordal rupture, severe regurgitation, and valve prolapse.9 In
cases of chronic rheumatic MS in human patients, echocardiographic
characteristics such as leaflet thickening, chordal fusion or thickening,
and leaflet calcification may be observed.9 The dog in this report had
only mild MR; no obvious chordal elongation, rupture, or fusion; and
no evidence of calcification. These characteristics, in addition to the
lack of evidence that dogs develop rheumatic heart disease, makes
the diagnosis of congenital MS most likely in this case. Interestingly,
it is not uncommon for congenital MS to be diagnosed in adult
dogs, similar to the dog of this report.1,3,10 BMV, either percutaneous
or using a hybrid surgical approach, and MV replacement have all
been documented as components of successful management of MS
in humans.4,5,11 In the dog, both percutaneous BMV and hybrid
BMV have been documented.3,12 Hybrid BMV was preferred over
percutaneous BMV in the dog in this report for several reasons. The
relatively small size of this dog was thought to increase the risk for
adverse events during the atrial septal puncture for a percutaneous en-
try. Additionally, hybrid BMV was demonstrated in a recent publica-
tion to be a practical way to approach BMV in dogs of this size.3,10

Hybrid BMV allows both TEE and fluoroscopy to be used during
the procedure which serve as complementary imaging modalities.
We prefer to use fluoroscopy in addition to TEE instead of TEE alone;
fluoroscopy provides a more complete view of the entire length of the
guide wire and balloon catheter within the heart during the proced-
ure, whereas TEE is essential for certain aspects of the procedure,
such as advancement of the wedge catheter across the mitral orifice.

http://www.cvcasejournal.com


Figure 2 Preprocedural two-dimensional TTE, left parasternal apical view with color flow Doppler, demonstrates the turbulent blood
flow across the MS in diastole (A) and a high velocity with reduced E-F slope on continuous-wave Doppler (CWD) spectrum (B). (C)
Postprocedural two-dimensional TEE, long-axis view with color flow Doppler–guided CWD spectrum of the MV, demonstrates MR, a
reduction in mitral inflow velocity, and an improvement in the E-F slope.

Figure 1 Two-dimensional TTE, right parasternal long-axis view, without (A) and with (B) color flow Doppler, demonstrates the prom-
inent diastolic doming with a large LA thrombus (arrowheads) and turbulent blood flow across the severely stenoticMV throughout the
entirety of diastole. LA, Left atrium; LV, left ventricle; RA, right atrium; RV, right ventricle.
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The dog in this report also had an LA thrombus, and TEE was used to
guide the entry of the introducer into the left atrium in a way that
avoided the thrombus.13

The dog in this report had AF, spontaneous echocardiographic
contrast in the left atrium, and a thrombus extending from the left
auricle into the LA lumen, all of which were suspected to be sequelae
of severe congenital MS. The dog in this report was considered symp-
tomatic from congenital MS, and similar clinical signs such as collapse
or congestive heart failure have been reported in dogs and human pa-
tients with congenital MS.1,3,5,6,10,14 It is common for human patients
with MS and LA thrombi to have AF and be older, similar to the dog
in this report.15 Human patients with MS have also been documented
with spontaneous echocardiographic contrast and LA thrombi,5,6,13,14

but the presence of anLA thrombus in a dogwithMShas not previously
been identified. In human patients with MS, LA thrombi are treated
with oral anticoagulants such aswarfarin or rivaroxaban, orwith surgical
thrombectomy.5,14 Some patients with MS and secondary LA thrombi
are relatively resistant to thrombolysis with standard dosing, regardless
of the type of oral anticoagulant.4,13 Clopidogrel is a commonly used
oral antiplatelet in the dog. This dog was considered to be a young adult
(the average life span for the breed is approximately 13.5 years), but it is
unclear how this compareswith the age of people withMS and second-
ary complications. In this dog, an increase in LA thrombus size was
observed despite long-term therapy with the antiplatelet clopidogrel,
and spontaneous echocardiographic contrast developed over a short
time frame, as it was not apparent 24 hours before surgery.

Immediately after partial thrombectomy, this patient had an acute
decrease in LV systolic motion of the posterior wall, followed



Figure 4 Serial fluoroscopic images during BMV with the patient in a tilted right lateral position (the patient’s head is to the left) at
baseline (A) demonstrate the rib-spreader retractors (left asterisk), the temporary pacemaker lead within the RV (black caret), the
TEE probe (central asterisk), and the introducer catheter (white arrowheads) in the left atrium through a peratrial hybrid approach
with a guide wire seen exiting the introducer, crossing the MV, and entering the left ventricle (white caret). (B) The balloon catheter
is passed over the guide wire, and a distinct area of external compression is observed at the level of theMS (white arrow) that resolves
upon maximal inflation (C).

Figure 3 (A) Intraoperative two-dimensional TEE, long-axis view of the left heart, demonstrates the tip of the introducer catheter in the
dilated left atrium (LA; white arrowhead) near the MV (white arrowhead outlined in black), distinct from the LA thrombus (asterisk). (B)
The balloon catheter (white arrowheads) can be seen positioned across the MV during inflation (white arrowhead outlined in black).

CASE: Cardiovascular Imaging Case Reports
Volume 8 Number 3A

Winter et al 239
immediately by ventricular fibrillation. These findings are consistent
with a coronary arterial embolism. In human patients with MS and
LA thrombi, systemic and coronary arterial thromboembolism have
been reported both before surgery (withmedical anticoagulation alone)
and during BMV.15-17 In human patients with MS, reported causes of
myocardial infarction during or following BMV include an occlusion
of a stenotic coronary artery through a low-flow state during balloon
inflation, thromboembolism of a preformed LA thrombus due to a
dislodgement, and embolism of actual valvematerial.15 The exact cause
of the sudden decline in the dog in this report is unknown, but throm-
boembolism due to partial thrombus dislodgment is strongly suspected.
CONCLUSION

Congenital MS is an uncommon diagnosis in the dog, and disease
sequelae such as the development of AF, heart failure, and LA
thrombus may become more common with advanced age. BMV is
an established method for the management of congenital MS, with
both percutaneous and hybrid surgical approaches documented
options in the dog. Thrombus formation in the left atrium secondary
to MS may complicate disease management and BMV, and
thromboembolism is a risk in this patient population.
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Figure 5 Intraoperative two-dimensional TEE, four-chamber long-axis view of the left heart, demonstrates a very large LA thrombus
(asterisk) positioned near theMV in systole (A), but after thrombectomy, there is significant reduction in the size of the thrombus and its
proximity to the MV in diastole (B).
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