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Abstract Objectives: The objective of this study was to report the signalment,
presentation, clinical and imaging findings, interventions, and outcomes in a group
of dogs with cor triatriatum dexter (CTD).
Animals: Seventeen client-owned dogs.
Methods: Medical records were reviewed retrospectively for signalment, history,
physical examination findings, imaging and diagnostic findings, presence of concur-
rent congenital cardiac defects, description of interventional procedures, therapy
information, and outcomes.
Results: Age at presentation ranged from two to 110 months, with 10 of 17 dogs
(59%) aged <12 months. There was an equal distribution between the sexes. Peri-
toneal effusion was the most common presenting complaint, in 10 of 17 dogs (59%).
The CTD was an isolated finding in 3 of 17 dogs (18%); the remaining 14 of 17 (82%)
dogs had concurrent cardiac disease, with congenital anomalies present in 12 of 17
Veterinary Cardiology is the emphasis of additional web-based images permitting the detailing
images can be viewed (by those readers with subscription access) by going to http://www.

7602734. The issue to be viewed is clicked and the available PDF and image downloading is
he supplementary material for a given article appears at the end of the page. Downloading the
ders will require at least Quicktime 7 (available free at http://www.apple.com/quicktime/
other means to view the material is to go to http://www.doi.org and enter the doi number
d at the end of the manuscript.

c.edu (H.B. Kellihan).

.002
hts reserved.

mailto:heidi.kellihan@wisc.edu
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jvc.2019.03.002&domain=pdf
https://doi.org/10.1016/j.jvc.2019.03.002
http://www.elsevier.com/locate/jvc


130 K.E. Nadolny et al.
Abbreviations

BPM beats per minute;
CTD cor triatriatum de
DCRV double-chambered
ECG electrocardiogram
PCV packed cell volum
PDA patent ductus arte
PE peritoneal effusion
PFO patent foramen ov
PH pulmonary hyperte
PS pulmonary stenosi
RA right atrial
TVD tricuspid valve dys
VHS vertebral heart sco
(70%). All except one of these 12 dogs had at least one additional condition affect-
ing the right heart. Tricuspid valve dysplasia was the most common congenital co-
morbidity, present in 9 of 17 dogs (53%). Seven dogs (41%) underwent interventional
treatment of their CTD. In 7 of 17 (41%) cases, the CTD was considered to be inci-
dental and the dogs were asymptomatic; therefore, no interventions were per-
formed. The remaining three cases were euthanized or lost to follow-up.
Conclusions: Cor triatriatum dexter in dogs is commonly seen in association with
other right-sided congenital cardiac anomalies and may be an incidental finding.
Dogs with CTD obstructing right atrial inflow can have a good outcome after inter-
vention. Dogs with no clinical signs associated with the CTD may remain asympto-
matic into adulthood.
ª 2019 Elsevier B.V. All rights reserved.
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Introduction

Cor triatriatum dexter (CTD) is an uncommon
congenital anomaly that results in a division of the
right atrium into two parts because of the persis-
tence of the embryologic right sinus venosus valve
[1,2]. This membrane causes variable obstruction
of venous return to the right atrium, with severity
of clinical signs dependent on the size of perfo-
ration of the membrane, the location of the
membrane relative to routes of right atrial (RA)
inflow, the presence of atrial-level shunting, and
any concurrent defects.

In people, CTD is an infrequently described
condition with variable clinical signs and age at
first detection. Cor triatriatum dexter incidence in
children is reported to represent approximately
0.025% of congenital heart malformations [2]. In
adults, reported clinical signs include exercise
intolerance, exercise-induced dyspnea, palpita-
tions, supraventricular arrhythmias, syncope, and
peripheral edema [3e6]. Cyanosis is also reported
in both adults and pediatric patients [6e8]. In
many cases, the clinical signs may not occur until
well into adulthood and are attributable to right-
left shunting through a concurrent atrial septal
defect or patent foramen ovale (PFO) [6e8].

Cor triatriatum dexter in humans has been
reported as an isolated finding or as one compo-
nent of a constellation of other right-sided con-
genital cardiac anomalies [1]. Observed
concurrent abnormalities have included atrial
septal defects (secundum and primum) [3e6],
valvar pulmonary stenosis (PS) [5], PFO [7,8],
stenosis of the cranial vena cava [7], tetralogy of
Fallot [9], Ebstein’s anomaly [4], persistent left
cranial vena cava [6], and tricuspid and pulmonary
atresia with intact ventricular septum [1].

Cor triatriatumdexter in dogs is also thought to be
an uncommon congenital defect and has been
described only in infrequent case reports. Age at
detection in these reports ranges from puppyhood to
senior dogs (2 months to 12 years), with themajority
identified due to the onset of ascites as a puppy
younger than one year [10e25]. Concurrent con-
genital abnormalities have been predominantly
right-sided and are reported sporadically. Abnor-
malities noted concurrently in dogs with CTD have
included double-chambered right ventricle (DCRV)
[11], PFO [11,19,20], persistent left cranial vena
cava [25], tricuspid valve dysplasia (TVD) [16,20],
Ebstein’s anomaly [13], PS [19], ventricular septal
defect [19], and systolic anterior motion of the
mitral valve with dynamic subaortic stenosis [16].

Currently, reported canine CTD cases have
described dogs with clinical signs, many of which
underwent interventional procedures. The inci-
dence of CTD in dogs without clinical signs is
unknown. In addition, the incidence of concurrent
congenital disease associated with CTD across a
larger population of dogs has not been well
described. This case series describes the signal-
ment, presentation, clinical and imaging findings,
interventions, and outcomes of 17 dogs with con-
firmed CTD.
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Animals

Medical records of dogs evaluated by the
respective cardiology services of the UW Veteri-
nary Care at the University of Wisconsin
(1998e2018), Colorado State University Veteri-
nary Teaching Hospital (2016e2017) and The
Ohio State University Veterinary Medical Center
(2008e2015) were reviewed. Dogs selected for
inclusion in the study were required to have a
complete echocardiographic examination that
identified the presence of an intra-atrial mem-
brane with Doppler and two-dimensional images
available for review. Cases that did not have
recorded historical data; recorded physical
examination findings; and confirmation of the
diagnosis of CTD by demonstrable flow across the
membrane interrogated with pulsed-wave Dop-
pler, agitated saline contrast study, angiography,
or postmortem examination were excluded.

Materials and methods

Nineteen dogs with a recorded diagnosis of CTD
were identified by medical records review. Two
dogs were excluded because of lack of con-
firmatory testing. Seventeen dogs met the criteria
for inclusion. In all subjects, demographic and
historical data, including age, sex, breed, weight,
and presenting complaint, were recorded. Any
treatment at the time of diagnosis was recorded.
Prior treatment with cardiac medications was not
exclusionary. All patients had a complete physical
examination performed by a diplomate or a resi-
dent in the American College of Veterinary Internal
Medicine specialty of cardiology. Auscultatory
findings were recorded in all dogs. Complete blood
count, serum chemistry, and electrocardiogram
(ECG) results were reviewed and recorded when
available.

Thoracic radiographs, when available, were
reviewed by a diplomate in the American College
of Veterinary Radiology (L.F.). The reviewing
radiologist was blinded to the focus of the case
review and clinical history. Vertebral heart scores
(VHS) were standardly performed on the left lat-
eral projection; VHS of 9.7 � 0.5 vertebrae was
considered to be normal [26].

Full echocardiographic reports were required
for inclusion in the study. All echocardiograms
were performed by a cardiology diplomate or a
resident under the direct guidance of a diplomate.
Diagnosis of CTD was based on the identification of
a membrane separating the right atrium into two
distinct chambers. Pulsed-wave or continuous-
wave Doppler images were assessed to determine
pressure gradient (measured at peak velocity,
typically at the end of ventricular systole in ani-
mals without right ventricular pressure overload)
across the membrane, if perforate. Agitated saline
contrast studies (Videos 1 and 2) were performed
to confirm the presence of CTD in seven dogs and
were interpreted as previously described [24].

When present, any concurrent congenital car-
diac abnormalities were described using both
subjective and objective criteria. For patients
with follow-up imaging available, reports were
reviewed and any changes from baseline were
recorded. For patients who had undergone an
interventional procedure (catheter-based or sur-
gical), the method and outcomes immediately
after procedure were recorded. Medical therapy
initiated at the time of diagnosis was reported,
along with response to therapy based on sub-
jective owner assessment and findings from
repeat imaging.

Date and cause of death were recorded when
available. Date of the last follow-up and clinical
signs at that time were recorded for patients still
alive at the time of data analysis. Any available
necropsy results were recorded.
Results

History and physical examination

Demographic data are presented in supplemental
Table A (data available in Supplemental Material
online). The 17 dogs included in this study ranged
in age from two months to 110 months (median,
6.5 months). Ten of 17 (59%) were younger than
one year at the time of presentation, and 15 of 17
(88%) were younger than five years. Sex dis-
tribution was nearly equal, with nine female and
eight male dogs. Labrador retrievers and their
mixes were the most commonly represented breed
(n ¼ 4). Median [range] weight was 15.5 kg
[3.5e35.2 kg].

Fifteen of 17 dogs (88%) were referred to their
respective referral institution for suspected car-
diac disease. ‘Ascites’ or ‘abdominal distention’
was the most frequently listed presenting com-
plaint, present in 10 of 17 dogs (59%). Four dogs
were referred for evaluation of a cardiac murmur.
Other presenting complaints included syncope,
chylous pleural effusion, and a previously diag-
nosed patent ductus arteriosus (PDA; one each).
One dog was referred to the internal medicine
service for hepatomegaly and chronic gastro-
intestinal regurgitation. Five dogs had a recent
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history of vomiting, all of which had peritoneal
effusion (PE). Four dogs were reported to be
without clinical signs, including two with inci-
dentally detected PE. One of these dogs had PE
detected at the time of ovariohysterectomy. Ten
of 17 dogs (59%) had more than one presenting
complaint. Presenting complaints are summarized
in supplemental Table A.

Nine dogs were receiving or had received
treatment for presumed cardiorespiratory or gas-
trointestinal disease before referral. Five of these
were dogs with known or suspected PE, and med-
ications included fenbendazole, furosemide,
pimobendan, enalapril, metronidazole, and dox-
ycycline. No resolution or change in clinical signs
after medical therapy was reported in any of these
cases. Two dogs referred for murmur evaluations
were receiving medications, one receiving atenolol
and one receiving benazepril, spironolactone, and
prednisone. The dog referred for pleural effusion
had a therapeutic thoracocentesis performed by
the referring veterinarian and was prescribed
furosemide and pimobendan before referral.
The dog with the previously diagnosed PDA had
been prescribed pimobendan by the referring
cardiologist.

Heart rates were recorded for 16 of 17 dogs.
Nine dogs (53%) were tachycardic (heart rate � 140
beats per minute [bpm]) at presentation. The
median [range] heart rate was 150 bpm [80e180
bpm]. Two dogs had a rhythm irregularity noted on
initial physical examination. Thirteen of the 17
dogs (75%) had a cardiac murmur on auscultation,
and one of these dogs also had an intermittent
gallop sound. Three dogs, all of which had PE, had
no cardiac murmur or gallop noted. In the 13 dogs
with cardiac murmurs, twelve murmurs were sys-
tolic, one was continuous, and one was diastolic
(characterized as a 3/6 right basilar diastolic) in
timing. Location and intensity of the murmurs
varied widely, coincident with concurrent cardiac
disease. Murmur descriptions are presented in
supplemental Table A.

Respiratory examination was normal in 16 dogs.
One dog was tachypneic with a respiratory rate of
80 breaths per minute at presentation. One of the
initially normal dogs also developed increased
effort when placed into lateral recumbency for
diagnostics. Ten dogs (59%) had PE at the time of
initial assessment. One of the dogs with PE also
had pulmonary infiltrates on radiographs. One dog
had trace pleural effusion. Six dogs, all of which
had a murmur, had no clinical signs of left- or
right-sided congestive heart failure at the time
of presentation. Cyanosis was not detected in
any dog.
Clinical pathology findings

Laboratory testing was performed at the dis-
cretion of the attending clinician. Eleven dogs had
a chemistry panel, seven had a packed cell vol-
ume (PCV) and total solids, and six had a com-
plete blood count. The most commonly detected
abnormality was hypoproteinemia (4/7 dogs on
serum chemistry and 2/7 dogs with total solids
value below reference range on PCV and total
solids assessment). Three of seven dogs with
serum chemistry had mild hypoalbuminemia. Two
of 14 dogs were anemic based on PCV assessment
(a puppy younger than six months with a PCV of
25% [reference, 31e39%] and an adult dog with a
PCV of 24% [reference, 39e57%] and concurrent
neoplastic disease). Five dogs had abdominal fluid
analysis and cytological examination performed.
In four dogs, PE fluid was characterized as a
modified transudate and in one as a pure tran-
sudate. Laboratory reports of fluid analysis were
available for review for 3 of 5 dogs. Protein con-
centrations ranged from 2.5 g/dL to 4.4 g/dL, and
no cellular atypia was noted in the submitted
samples.
Thoracic radiography

Ten dogs had thoracic radiographs performed
within 24 h of diagnosis. Thoracic radiographs in
nine of 10 dogs were performed at initial pre-
sentation at the University of Wisconsin Veterinary
Care, and the remaining one dog had referral
radiographs obtained the previous day. Radio-
graphs were available for review in 9 of 10 dogs.
Vertebral heart scores were assessed in 7 of 9 dogs
(78%) and were increased, suggestive of car-
diomegaly (�10.5) in 4 of 7 (57%) with a median
VHS of 11.25 [range: 10e12.25]. In the remaining
two dogs, the VHS was not assessed because of
body conformation or vertebral malformation, but
subjective heart size was noted to be enlarged in
one of these two dogs.

A summary of radiographic findings is included
in supplemental Table B (data available in Sup-
plemental Material online). The most commonly
noted abnormality on thoracic radiography was
loss of cranial abdominal serosal detail in the
visible portion of the abdominal cavity, noted in 5
of 9 dogs (56%). A distended caudal vena cava was
noted in 2 of 9 dogs (22%). Overall, 7 of 9 dogs were
considered to have cardiac or pulmonary abnor-
malities on radiographs. The two dogs with no
radiographic cardiac or pulmonary abnormalities
had evidence of PE.
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Electrocardiographic findings

Eleven of 17 dogs (65%) had an ECG recorded. A
summary of ECG findings is included in
supplemental Table B. The median [range] heart
rate was 140 bpm [100e160 bpm]. All dogs had an
underlying sinus rhythm. The most common
abnormality was a right axis deviation, which was
present in 6 of 11 dogs (55%). P-pulmonale was
present in three dogs (all with a P-wave amplitude
of 0.5 mV, normal � 0.4 mV). One dog had evi-
dence of ventricular pre-excitation with delta
waves and a shortened P-Q interval. This dog
exhibited frequent paroxysms of suspected ortho-
dromic atrioventricular re-entrant tachycardia
that occurred at rates up to 350 bpm. An atrio-
ventricular bypass tract (bundle of Kent) was sus-
pected. A second dog had a low-to-normal P-Q
interval (0.06 s) with no delta wave and normal
QRS width, consistent with normal variant, accel-
erated atrioventricular nodal conduction, or an
atrionodal bypass accessory pathway (Fig. 1).
Paroxysmal tachycardia was not observed in this
patient.

Echocardiographic findings

Echocardiograms were available for review in all
dogs. The diagnosis of CTD was based on the
presence of a visible membrane dividing the right
atrium. This diagnosis was confirmed in all inclu-
ded cases by documentation of one or more of the
following: Doppler-derived echocardiographic
Fig. 1 Accessory pathway conduction: lead II electrocardi
conduction. (A) Suspected atrioventricular bypass tract (b
shortened P-Q interval (0.05 s). Note the delta wave present
* denotes a normal sinus complex. (B) Suspected accelerated
accessory pathway. The # denotes the low-to-normal P-Q in
morphology. Paper speed 50 mm/s, calibration 10 mm/mv.
gradient across the obstruction (Fig. 2), agitated
saline contrast study, contrast angiography/inva-
sive intracardiac pressure assessment, or nec-
ropsy. The intra-atrial membrane was confirmed
by echocardiography in 12 of 17 cases (71%), seven
(41%) of which had an agitated saline contrast
study. The majority (14/17; 82%) of the CTD
membranes were perforate, and 3 of 17 (18%) were
imperforate. The peak echocardiographic pressure
gradient across those with a perforate membrane
was reported in eight cases and ranged from
8.2 mmHg to 24.8 mmHg (median of 13.4 mmHg;
Fig. 2).

Most included dogs (14/17) had concurrent
cardiac disease, and in the remaining three dogs
(18%), the CTD was an isolated finding. Twelve of
14 dogs (86%) had congenital cardiac abnormalities
in addition to their CTD, and most of these dogs
(11/12) had at least one additional disease
affecting the right side of the heart. Two of 14
dogs (14%) had concurrent acquired heart disease.

Tricuspid valve dysplasia was the most common
concurrent congenital abnormality and was identi-
fied in 9 of 17 (53%) dogs. Tricuspid valve stenosis of
varying severity was a component of the valve
malformation in 6 of 17 (35%; Fig. 3). Other con-
current congenital diseases identified included
valvar PS (5/17 dogs; 29%); mild mitral valve dys-
plasia (4/17 dogs; 24%); and DCRV, left-to-right
shunting PDA, perimembranous left-to-right shunt-
ing ventricular septal defect, thoracic arterio-
venous malformation, right-to-left shunting PDA,
and congenital hepatic fibrosis, each present in one
ograms from two dogs with suspected accessory pathway
undle of Kent). The ** denotes the complex with the
on the QRS complex after the shortened P-Q interval. The
atrioventricular nodal conduction vs. atrionodal bypass
terval (0.06 s) followed by a QRS complex with normal
Normal P-Q interval: 0.06e0.13 s.



Fig. 2 Cor triatriatum dexter (CTD) morphology and pressure gradient: Right parasternal long axis images of
CTD morphology from asymptomatic (A, B) and symptomatic (C) dogs are shown. (A) The accessory chamber is small
and completely perforate. (B) The accessory chamber is moderately sized with a membrane that is visible, although
widely perforate. (C) The accessory chamber is large with a small perforation in the membrane. This dog was pre-
sented for evaluation due to ascites. Transmembrane pressure gradients as measured by spectral Doppler are pre-
sented in the bottom panel. In all cases, the highest transmembrane gradient was recorded at the end of ventricular
systole (end of atrial diastole). (D) Corresponds to dog (A) with the small chamber and widely perforate membrane.
(E) Corresponds to dog (B) with the moderately sized chamber and perforate membrane. (F) Corresponds to dog (C),
the symptomatic animal with the large accessory chamber and small membrane perforation. In all cases, the maximal
transmembrane gradient at the end of ventricular systole is approximately 2 m/s. A: accessory chamber; LA: left
atrium; LV: left ventricle; RA: right atrium; RV: right ventricle.
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dog. Right-to-left shunting PFOs were present in 4
of 17 dogs (24%). Pulmonary stenosis, when present,
was graded as severe in four dogs (transvalvular
pressure gradients of 82 mmHge184 mmHg, median
of 132 mmHg) and moderate in one (transvalvular
pressure gradient of 65 mmHg; Fig. 3). The dog with
DCRV had a severe midventricular obstruction with
a peak systolic pressure gradient of 180 mmHg. Of
the 12 dogs with concurrent congenital disease, 7 of
12 (58%) had more than one concurrent right-sided
cardiac anomaly. Concurrent congenital diseases
are summarized in supplemental Table B.

Acquired cardiac disease was present in two
dogs, one with myxomatous mitral valve disease
and severe pulmonary hypertension (PH) and one
with biventricular failure due to a suspected pri-
mary myocardial disease (aged 90 months and 53
months, respectively). One additional dog with
right-to-left shunting PDA had severe PH.

Interventional procedures

A summary of the interventions for seven dogs is
listed in supplemental Table B. Seven of 17 dogs
(44%) underwent a catheter-based interventional
procedure for treatment of the CTD. One dog
underwent a PS balloon valvuloplasty with no
treatment of the CTD. Another dog underwent
placement of a Canine Duct Occluder device for
treatment of the left-to-right shunting PDA with no
additional treatment of the CTD. In both these
cases, the CTD membrane was widely perforate
and considered to be an incidental finding.

All seven of the dogs that underwent interven-
tional procedures for treatment of their CTD had
angiographic imaging performed before and after
intervention. Angiography confirmed the presence
of the CTD membrane in all cases (Fig. 4), which
was described as imperforate (with no filling of the
cranial RA chamber after caudal contrast injec-
tion) in three dogs and perforate with slow,
incomplete filling of the cranial RA chamber in the
remaining four dogs. In three dogs, a right-to-left
shunting PFO was confirmed. In one dog, a three-
month-old Labrador with an imperforate CTD, an
anomalous vessel was observed on angiography
which filled late, after complete opacification of
the caudal RA chamber, and drained cranially
before anastomosing with the internal thoracic
vein at level of the first rib. This dog also was
diagnosed with congenital hepatic fibrosis (ductal
plate malformation) on liver biopsy taken during



Fig. 3 Concurrent congenital anomalies: examples of concurrent congenital cardiac abnormalities noted in
patients with cor triatriatum dexter. (A) Left parasternal long axis image from a dog with concurrent mitral valve
dysplasia. White arrowhead: elongated anterior mitral valve leaflet. *: aliased color Doppler mitral regurgitant jet.
The ECG tracing on this image is consistent with atrial fibrillation, which was noted at subsequent recheck evaluations
and was not present at the time of initial presentation. (B) Obliqued right parasternal short axis view highlighting the
right ventricle and right ventricular outflow tract. This dog had concurrent tricuspid valve dysplasia and a double-
chambered right ventricle (DCRV). White arrowhead: elongated mural tricuspid valve leaflet. *: aliased color Dop-
pler flow through the mid-right ventricular chamber, consistent with a midventricular obstruction. (C) Right para-
sternal short axis view at the heart base from a dog with concurrent valvar pulmonary stenosis. White arrowhead:
thickened, redundant, and tethered pulmonary valve leaflets. Note the post-stenotic dilation of the main pulmonary
artery. (D) Spectral Doppler from dog (C) showing a transvalvular gradient of approximately 4 m/s (w64 mmHg). (E)
Oblique right parasternal short axis view highlighting a dilated coronary sinus *. (F) Right parasternal short axis view
from a dog with concurrent severe tricuspid valve dysplasia and tricuspid stenosis. White arrowhead: thickened,
tethered septal tricuspid valve leaflet. A: atrial chamber; Ao: aorta; LA: left atrium; LV: left ventricle; MPA: main
pulmonary artery; RA: right atrium; RV: right ventricle; ECG: elctrocardiogram.

Cor triatriatum dexter 135
ovariohysterectomy 204 days after intervention for
CTD, as well as an arteriovenous malformation
(esophageal varices from the celiac artery) in the
caudal thorax by computed tomography angiog-
raphy performed 218 days after intervention for
CTD. A second dog was diagnosed with a ductal
diverticulum on angiography.

All seven dogs initially underwent balloon dila-
tion of the CTD membrane, preceded by a cutting
balloon membranostomy in 5 of 7 cases. The
techniques for CTD balloon dilation [11,12,19] and
cutting balloon membranostomy [15] have been
previously described. Approaches were via the left
femoral vein in two cases, right jugular vein in
three cases, and right femoral vein in one case. All
dogs that underwent pulmonary balloon valvulo-
plasty concurrently had a jugular vein approach.
Four of these dogs had perforate CTD membranes



Fig. 4 Angiography and intervention: Fluoroscopic images during cardiac catheterization and intervention from
case 5, a pit bull terrier with pulmonary valve stenosis, tricuspid valve stenosis, imperforate cor triatriatum dexter,
and a right-to-left shunting patent foramen ovale. Angiography in the right ventricle (A), right atrium (B), and caudal
vena cava after puncture of the right atrial membrane (C) demonstrates the three obstructive lesions in the right
heart of this dog. The right-to-left shunt at the atrial level before intervention can also be seen (arrow) in (C). Balloon
dilation of all three lesions e pulmonary valve (D), tricuspid valve (E), and right atrial membrane (F) e resulted in
improved hemodynamics throughout the right heart. In all images, a marker catheter is present in the esophagus for
calibration, and in (C) and (F), a transesophageal echocardiography probe can be seen.
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with preliminary pressure gradients ranging from 2
to 7 mmHg (median, 6.5 mmHg). Post-procedural
pressure gradients in these dogs ranged from 1 to
4 mmHg (median 3.5 mmHg). In two cases, con-
current severe PS was treated by balloon pulmo-
nary valvuloplasty performed during the same
catheterization. All seven cases had post-proce-
dural angiography performed with the initial
interventions. One case required a second proce-
dure, and angiography was repeated at that time,
both before and after stent implantation. In all
cases, post-interventional caudal contrast injec-
tions showed improved, more rapid filling of the
cranial RA chamber through a larger orifice in the
intra-atrial membrane.

Two of seven dogs (29%) required two proce-
dures to relieve the clinical signs associated with
their CTD obstruction. In both cases, PE re-occur-
red after the initial procedure. These dogs were
both initially treated with a combined cutting
balloon membranostomy followed by balloon
dilation. In the first of these cases, PE initially
resolved but had re-occurred at the one-month
recheck, and the second procedure, balloon-
expandable stent placement, placed as described
previously [20], was performed four months after
the initial treatment. After stent placement, the
patient’s clinical signs resolved completely with no
reoccurrence of PE at subsequent rechecks.

In the second case, the PE re-occurred the day
after balloon dilation. This dog was subsequently
taken to surgery for an intra-atrial membrane
resection under right-sided venous inflow occlu-
sion [13,17,22]. Severe arrhythmias developed
during surgery, initially consisting of a supra-
ventricular tachycardia, ventricular premature
complexes, and ventricular tachycardia that were
medically treated intra-operatively. The patient
then went into sinus arrest (presumed to be due to
intra-operative manipulation of the sinus node)
with a ventricular escape rhythm, and an epi-
cardial pacemaker was emergently placed during
the same procedure. Persistent arrhythmias,
development of a thrombus at the RA incision site
resulting in cranial caval syndrome, inflammatory
pleural effusion thought to be due to the presence
of a thoracostomy tube, and pain prolonged the
postoperative care of this dog. The dog was dis-
charged after nine days in the hospital receiving
pimobendan, enalapril, and spironolactone;
recurrent PE has not been noted since one-month
after procedure (follow-up period: 27 months).
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Outcomes

Outcome information was available for the
majority of cases and is summarized in
supplemental Table B. All seven cases that
underwent interventional procedures (catheter-
ization or surgical) for treatment of the CTD were
alive at the time of last contact and had no
recurrence of previous PE. The median [range]
time from diagnosis to last contact for these seven
dogs was 330 days [45e1440 days].

In seven of seventeen cases (41%), the mem-
brane was perforate and considered to be inci-
dental or minimally contributory to clinical signs.
These dogs were managed for their concurrent
cardiac disease, if necessary, or left untreated. In
these dogs, time from diagnosis to last follow-up
was 210 days [31e450 days] days. One dog with
severe PS in which intervention was declined by
the owner was prescribed atenolol. The dog with
DCRV was initially untreated but eventually was
prescribed sotalol because of exercise-induced
collapse episodes. Seventeen months after diag-
nosis, this dog was presented with pleural and
peritoneal effusion, secondary to right-sided con-
gestive heart failure. Spironolactone and furo-
semide were added to the therapy and resulted in
clinical improvement. Additional diagnostics and
intervention were declined. The adult dog with
right-to-left shunting PDA, severe PH, and pleural
effusion was treated with sildenafil, benazepril,
and spironolactone and was doing well clinically
with no recurrent effusion at last follow-up, two
months after starting treatment. Finally, the adult
dog with generalized myocardial dysfunction and
ventricular ectopy was treated with pimobendan,
sotalol, and benazepril and was doing well at the
last recheck, two months after starting medi-
cations. Muscular dystrophy was the suspected as
the etiology of this dog’s myocardial dysfunction
and systemic abnormalities.

Two dogs were euthanized at the time of pre-
sentation, and a third was euthanized 11 weeks
later because of clinical signs unrelated to the CTD.
One dog was lost to follow-up. The two dogs that
were euthanized at presentation were young dogs
(aged three and four months, respectively) that
were evaluated for PE and had concurrent con-
genital disease. The remaining dog that underwent
euthanasiawas a nine-year-old bulldogwith severe,
recurrent PE suspected tobe secondary to severePH
and degenerative valvular disease that was man-
agedmedically. This dogwas treatedwith sildenafil,
pimobendan, and furosemide and the quality of life
improved initially, but this dog was euthanized 11
weeks after initial presentation because of persis-
tent pulmonary infiltrates and recurrent ascites.

Gross pathology

Three dogs that were euthanized had full necropsies
performed. In two cases, the CTD membrane was
identified on necropsy. The CTD membrane was not
identified in the adult dog euthanized because of
persistent PE and pulmonary infiltrates. On necropsy
examination, this dog was found to have a chol-
angiocarcinoma with lymph node metastasis and
abdominal lymph node obstruction, suspected to be
contributing to the recurrent PE. Moderate car-
diomegaly was identified, withmyxomatous changes
to the mitral (moderate) and tricuspid (mild). No
CTDmembranewas identified, although this dog had
a confirmatory agitated saline contrast study before
euthanasia. The possibility of a dilated RA aneurysm
cannot be excluded in this dog, although the failure
to identify a clear CTD membrane may have been
due to necropsy error.

The remaining two cases of CTD were con-
firmed on necropsy. In one, a perforate CTD was
noted with the caudal vena cava and coronary
sinus entering the caudal atrial chamber, as well
as global RA dilation, severe hepatic congestion,
and severe PE. This dog also had moderate TVD
with the CTD membrane in fibrous continuity with
the septal cusp of the tricuspid valve leaflet. In
the other case, severe RA dilation, PFO, and the
CTD membrane were observed, with the caudal
vena cava and coronary sinus entering the caudal
chamber (Fig. 5). This dog also had TVD with
fused leaflets and a stenotic orifice, a dysplastic
pulmonary valve, and dysplastic/short chordae
tendineae on the mitral apparatus consistent with
mitral valve dysplasia.
Discussion

This case series describes the clinical findings of 17
dogs with CTD. In this referral patient population,
CTD was a solitary cardiac abnormality in only
three dogs (18%). Most cases in this study (82%) had
concurrent congenital disease, with right-sided
defects predominating. The possible relationship
between congenital right-sided cardiac defects in
dogs has been discussed previously [27,28], with PS
and TVD often seen concurrently. Single case
reports of dogs with CTD have also shown that a
number of these dogs have concurrent congenital
disease affecting the right heart, with TVD
[13,16,20], PS [19], and DCRV [11] reported.



Fig. 5 Postmortem images: photographs of case 3 showing multiple right-sided congenital defects. Panel (A)
demonstrates the muscular division (between arrowheads) that divides the right atrium into caudal (CaRA) and cranial
(CrRA) portions, as well as showing a thickened tricuspid valve (TV) with a stenotic central orifice *, and right ven-
tricular hypertrophy. Panel (B) represents an en face or dorsal view of the tricuspid valve (TV) showing malformed and
thickened leaflets with a stenotic central orifice *. Panel (C) shows the pulmonary valve (arrow) from this same patient
which is thickened and dysplastic with evidence of right ventricular (RV) hypertrophy and minimal post-stenotic
dilation of the pulmonary artery (PA).

138 K.E. Nadolny et al.
Two of the dogs in this study also had suspicion
for accessory pathways, one with ventricular pre-
excitation suggestive of atrioventricular fibers
(Kent bundle) and paroxysmal re-entrant tachy-
cardia, and one with shortened P-Q interval and
no evidence of ventricular pre-excitation, sug-
gestive of accelerated atrioventricular nodal
conduction or an atrionodal bypass accessory
pathway [29]. Both these dogs also had TVD. An
association between tricuspid valve abnormalities
and accessory pathway conduction in dogs has
been previously suggested [28,30] because mal-
formation of the tricuspid valve apparatus may be
mechanistically associated with accessory path-
way formation. Of note, most accessory pathways
in dogs are located in the right posterior wall
[30], an area that is likely to be affected by
malformation of the tricuspid valve apparatus.
The relative frequency of atrioventricular con-
duction abnormalities in our study population
emphasizes the need for diagnostic electro-
cardiography as part of the initial evaluation in
these patients.
Failure of apoptosis has also been suggested as a
mechanism for tricuspid valve malformation in dogs,
potentially contributing to the incomplete separa-
tion of the tricuspid valve leaflet from the right
ventricular wall (tethering) [31,32]. Although there
appears to be a frequent association of multiple
right-sided cardiac congenital abnormalities in dogs
with CTD, the exact embryologic mechanism has not
been elucidated. Cor triatriatum dexter remains an
uncommon congenital disease in this species, and
where it fits into the constellation of right-sided
malformations is not known. Cor triatriatum dexter
results from persistence of the embryologic right
sinus venosus valve. It is possible that defective
apoptosis could contribute to persistence of this
valve. In people, atrial septation and the loss of the
sinus venosus valve should occur in the first four to
seven weeks of gestation, before formation of the
atrioventricular or semilunar valves [33]. It is possi-
ble that alterations in apoptotic mechanisms link
these temporally unassociated defects. It is also
possible that there are related genetic mutations
causing this pattern of right-sided anomalies.
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Additional studies would be necessary to determine
if there is a pattern of inheritance to CTD and other
congenital diseases in dogs.

Previous case reports of dogs with CTD have
focused on animals with clinical signs caused by
caudal vena cava inflow obstruction. Most of these
reports detailed interventional procedures for
treatment of symptomatic patients. Seven of the 17
patients (41%) included in this studyhadCTDthatwas
suspected to be incidental or minimally contributory
to the patient’s clinical signs. In two of these cases,
PEwas present at initial presentation but potentially
unrelated to the CTD. In one dog, PE resolved after
balloon pulmonary valvuloplasty with no treatment
of the CTD, and in the second dog, the PE was sus-
pected to be due to lymphatic obstruction from a
cholangiocarcinoma thatwasdiagnosedonnecropsy.
IncreasedRAfillingpressuresmight havecontributed
to accumulation of PE in these two cases. Five of the
seven dogs had no evidence of clinically significant
PE, despite concurrent cardiac disease. Whether or
how the presence of a perforate CTD could impact
outcome in these dogs is not known. It is possible that
chronic, mildly elevated RA filling pressure could
potentiatedevelopmentofPE inthesepatients, even
if their coexisting diseases were the predominant
factor for PE formation.

Most dogs in this study had an extensive evalu-
ation with multiple diagnostic modalities used.
Radiographic and ECG findings were typically non-
specific and were not diagnostic for CTD in any
case. Radiographic evidence of caudal vena cava
dilation, a hallmark feature of CTD that is sug-
gestive of elevated RA filling pressure, was noted
in only two cases. Most dogs in this study had
concurrent cardiac abnormalities, however, and
radiographic findings often suggested the presence
of these diseases and may have helped rule out
other possible causes for the clinical signs.

In all cases, diagnosis of CTD on echocardiog-
raphy was relatively straightforward, although
when a membrane had a large perforation, agi-
tated saline contrast was necessary to differ-
entiate CTD from aneurysmal dilation of the RA.
Pulsed-wave Doppler interrogation of peak flow
across the membrane (occurring at ventricular
systole) was used to establish pressure gradients
between the cranial and caudal CTD chambers in
most of the cases with a perforate CTD. This
gradient is discussed in numerous reported cases
of dogs with CTD [11e13,15,21,22,25]. The
prognostic value of measuring this pressure gra-
dient is not known, however, and this measure-
ment may be affected by the presence of
concurrent disease. The mean pressure gradient
across a venous obstruction may be a more useful
measure of severity, but was not evaluated in this
study. In a dog with CTD and no other abnormal-
ities, the peak diastolic velocity of the trans-
membrane flow is likely to reflect the severity of
the obstruction. The presence of tricuspid valve
regurgitation, right ventricular outflow obstruc-
tion (PS or DCRV), or PH, however, might increase
the pressure in the cranial RA chamber during
ventricular systole and minimize this gradient.
Ultimately, the change in this gradient in an
individual dog (e.g. before and after procedure or
due to worsening concurrent disease) might be
more meaningful than an isolated measurement
compared between dogs.

Aside from dogs that were euthanized before
initiation of treatment, most of the dogs in this
study survived and were still alive at the time of
writing (up to 48 months after diagnosis). Inter-
ventional procedures, when performed, were
typically successful in alleviating clinical signs on
the first attempt, and no serious complications
were reported with catheter-based interventions.
When balloon membranostomy fails, stent
implantation or surgical resection may be consid-
ered. In the dogs with large-diameter perforations
and no clinical signs, no treatment was recom-
mended and the dogs remained without clinical
signs associated with RA inflow obstruction through
the period of follow-up, suggesting that CTD can
exist incidentally and that treatment is not
required in the absence of PE.
Limitations

This is a retrospective study and, as such, has limi-
tations. The dogs described were evaluated in
referral institutions, so no conclusions regarding
relative prevalence of CTD in the general canine
population can be drawn. Diagnostic evaluations
and initial therapeutics were not standardized and
varied significantly between dogs. In addition,
because caseswere recruited frommultiple referral
institutions, different approaches to initial diag-
nosis and management were noted; comparing
outcomes or utility of diagnostic tests is not advis-
able with the available data. Follow-up for some
cases is limited because dogs with no recurrence of
clinical signs were not consistently brought back for
recheck evaluations. Despite the number of dogs,
which was greater than that in previous reports, it
remains likely that the spectrum of clinical pre-
sentations for dogs with CTD is not represented
completely in this case series. This report is not
intended to provide recommendations for



Video table

Video Title Description

1 Two-dimensional transthoracic echocardiographic
cine of an agitated saline contrast study e saphenous

injection

Left parasternal long axis view. The cine loop shows
the agitated saline contrast entering the accessory
chamber, passing into the main right atrial chamber,
and then filling the right atrium. A small number of

bubbles are also observed in the left atrium,
consistent with a right-to-left shunting patent

foramen ovale.
2 Two-dimensional transthoracic echocardiographic

cine of an agitated saline contrast study e cephalic
injection

Oblique right parasternal long axis view. The cine
loop shows the agitated saline contrast entering the
main right atrial chamber and subsequently passing

through the tricuspid valve and into the right
ventricle. No contrast is observed in the accessory

chamber.

140 K.E. Nadolny et al.
treatment or prognostic information for individual
animals because the spectrum of concurrent dis-
ease and clinical presentations was vast and will
impact those decisions.

Conclusions

Cor triatriatum dexter is a rare congenital anomaly
in dogs that, when present, is often associated
with other congenital malformations of the right
heart. Dogs with widely perforate CTD membranes
may be asymptomatic into adulthood, although
this condition may exacerbate clinical signs asso-
ciated with other right-sided diseases. Dogs with
symptomatic CTD can have long survival times with
intervention. Echocardiography appears to be an
appropriate modality for diagnosis of CTD.
Conflicts of Interest Statement

The authors do not have any conflicts of interest to
disclose.
Supplementary data

Supplementary data to this article can be
found online at https://doi.org/10.1016/j.
jvc.2019.03.002.

References
[1] Bharucha T, Spicer DE, Mohun TJ, Black D. Cor tria-

triatum or divided atriums: which approach provides
the better understanding? Cardiol Young 2015;25:
193e207.

[2] Moral S, Ballesteros E, Huguet M, Panaro A, Palet J,
Evangelista A. Differential diagnosis and clinical
implications of remnants of the right valve of the sinus
venosus. Am J Vet Cardiol 2016;29:183e94.

[3] Vukovic PM, Kosevic D, Milicic M, Jovovic L, Stojanovic I,
Micovic S, Peter M. Cor triatriatum dexter and atrial septal
defect in a 43-year-old woman. Tex Heart Inst J 2014;41:
418e20.

[4] Eroglu ST, Yildirir A, Simsek V, Bozbas H, Bilgi M, Ozin B,
Muderrisoglu H. Cor triatriatum dexter, atrial septal
defect, and Ebstein’s anomaly in an adult given a diagnosis
by transthoracic and transesophageal echocardiography: a
case report. J Am Soc Echocardiogr 2004;17:780e2.

[5] Simsek Z, Koza Y, Tas H. Cor triatriatum dexter, atrial
septal defects, and pulmonary stenosis - a rare associa-
tion. Echo 2014;31:e124e7.

[6] Dobbertin A, Warnes CA, Seward JB. Cor triatriatum dexter
in an adult diagnosed by transesophageal echocardiog-
raphy: a case report. J Am Soc Echocardiogr 1995;8:952e7.

[7] Joye DJ, Wilson EC, Fyfe DA, Guzzetta NA. Cor Triatriatum
Dexter: a rare cause if neonatal cyanosis. Anesth Analg
2010;110:716e8.

[8] BarreaC,RubayJ,WagnerK,OvaertC.Cor triatriatumdexter
mimicking Ebstein disease. Circulation 2009;120:e86e8.

[9] Udovicic M, Biocic S, Vincelj J, Crnogorac M, Sakic I,
Starcevic B. Tetralogy of Fallot with cor triatriatum dexter
in an adult patient: a case report. Congenit Heart Dis 2013;
8:E77e80.

[10] De Monte V, Staffieri F, Caivano D, Bufalari A. Anaesthetic
management for balloon dilation of cor triatriatum dexter
in a dog. Acta Vet Scand 2015;57:29.

[11] Lopez-Alvarez J, Dukes-McEwan J, Martin MWS, Killick D,
Fonfara S, McConnell JF. Balloon dilation of an imperforate
cor triatriatum dexter in a Golden Retriever with con-
current double-chamber right ventricle and subsequent
evaluation by cardiac magnetic resonance imaging. J Vet
Cardiol 2011;13:211e8.

[12] Adin DB, Thomas WP. Balloon dilation of cor triatriatum
dexter in a dog. J Vet Intern Med 1999;13:617e9.

[13] Tobias AH, Thomas WP, Kittleson MD, Komtebedde J. Cor
triatriatum dexter in two dogs. J Am Vet Med Assoc 1993;
202:285e90.

[14] Duncan RB, Freeman LE, Jones J, Moon M. Cor triatriatum
dexter in an English Bulldog puppy: case report and liter-
ature review. J Vet Diagn Investig 1999;11:361e5.

[15] LeBlanc N, DeFrancesco TC, Adams AK, Atkins CE, Tou SP,
Fudge JC, Keene BW. Cutting balloon catheterization for
interventional treatment of cor triatriatum dexter: 2
cases. J Vet Cardiol 2012;14:525e30.

https://doi.org/10.1016/j.jvc.2019.03.002
https://doi.org/10.1016/j.jvc.2019.03.002
http://refhub.elsevier.com/S1760-2734(18)30147-4/sref1
http://refhub.elsevier.com/S1760-2734(18)30147-4/sref1
http://refhub.elsevier.com/S1760-2734(18)30147-4/sref1
http://refhub.elsevier.com/S1760-2734(18)30147-4/sref1
http://refhub.elsevier.com/S1760-2734(18)30147-4/sref1
http://refhub.elsevier.com/S1760-2734(18)30147-4/sref2
http://refhub.elsevier.com/S1760-2734(18)30147-4/sref2
http://refhub.elsevier.com/S1760-2734(18)30147-4/sref2
http://refhub.elsevier.com/S1760-2734(18)30147-4/sref2
http://refhub.elsevier.com/S1760-2734(18)30147-4/sref2
http://refhub.elsevier.com/S1760-2734(18)30147-4/sref3
http://refhub.elsevier.com/S1760-2734(18)30147-4/sref3
http://refhub.elsevier.com/S1760-2734(18)30147-4/sref3
http://refhub.elsevier.com/S1760-2734(18)30147-4/sref3
http://refhub.elsevier.com/S1760-2734(18)30147-4/sref3
http://refhub.elsevier.com/S1760-2734(18)30147-4/sref4
http://refhub.elsevier.com/S1760-2734(18)30147-4/sref4
http://refhub.elsevier.com/S1760-2734(18)30147-4/sref4
http://refhub.elsevier.com/S1760-2734(18)30147-4/sref4
http://refhub.elsevier.com/S1760-2734(18)30147-4/sref4
http://refhub.elsevier.com/S1760-2734(18)30147-4/sref4
http://refhub.elsevier.com/S1760-2734(18)30147-4/sref5
http://refhub.elsevier.com/S1760-2734(18)30147-4/sref5
http://refhub.elsevier.com/S1760-2734(18)30147-4/sref5
http://refhub.elsevier.com/S1760-2734(18)30147-4/sref5
http://refhub.elsevier.com/S1760-2734(18)30147-4/sref6
http://refhub.elsevier.com/S1760-2734(18)30147-4/sref6
http://refhub.elsevier.com/S1760-2734(18)30147-4/sref6
http://refhub.elsevier.com/S1760-2734(18)30147-4/sref6
http://refhub.elsevier.com/S1760-2734(18)30147-4/sref7
http://refhub.elsevier.com/S1760-2734(18)30147-4/sref7
http://refhub.elsevier.com/S1760-2734(18)30147-4/sref7
http://refhub.elsevier.com/S1760-2734(18)30147-4/sref7
http://refhub.elsevier.com/S1760-2734(18)30147-4/sref8
http://refhub.elsevier.com/S1760-2734(18)30147-4/sref8
http://refhub.elsevier.com/S1760-2734(18)30147-4/sref8
http://refhub.elsevier.com/S1760-2734(18)30147-4/sref9
http://refhub.elsevier.com/S1760-2734(18)30147-4/sref9
http://refhub.elsevier.com/S1760-2734(18)30147-4/sref9
http://refhub.elsevier.com/S1760-2734(18)30147-4/sref9
http://refhub.elsevier.com/S1760-2734(18)30147-4/sref9
http://refhub.elsevier.com/S1760-2734(18)30147-4/sref10
http://refhub.elsevier.com/S1760-2734(18)30147-4/sref10
http://refhub.elsevier.com/S1760-2734(18)30147-4/sref10
http://refhub.elsevier.com/S1760-2734(18)30147-4/sref11
http://refhub.elsevier.com/S1760-2734(18)30147-4/sref11
http://refhub.elsevier.com/S1760-2734(18)30147-4/sref11
http://refhub.elsevier.com/S1760-2734(18)30147-4/sref11
http://refhub.elsevier.com/S1760-2734(18)30147-4/sref11
http://refhub.elsevier.com/S1760-2734(18)30147-4/sref11
http://refhub.elsevier.com/S1760-2734(18)30147-4/sref11
http://refhub.elsevier.com/S1760-2734(18)30147-4/sref12
http://refhub.elsevier.com/S1760-2734(18)30147-4/sref12
http://refhub.elsevier.com/S1760-2734(18)30147-4/sref12
http://refhub.elsevier.com/S1760-2734(18)30147-4/sref13
http://refhub.elsevier.com/S1760-2734(18)30147-4/sref13
http://refhub.elsevier.com/S1760-2734(18)30147-4/sref13
http://refhub.elsevier.com/S1760-2734(18)30147-4/sref13
http://refhub.elsevier.com/S1760-2734(18)30147-4/sref14
http://refhub.elsevier.com/S1760-2734(18)30147-4/sref14
http://refhub.elsevier.com/S1760-2734(18)30147-4/sref14
http://refhub.elsevier.com/S1760-2734(18)30147-4/sref14
http://refhub.elsevier.com/S1760-2734(18)30147-4/sref15
http://refhub.elsevier.com/S1760-2734(18)30147-4/sref15
http://refhub.elsevier.com/S1760-2734(18)30147-4/sref15
http://refhub.elsevier.com/S1760-2734(18)30147-4/sref15
http://refhub.elsevier.com/S1760-2734(18)30147-4/sref15


Cor triatriatum dexter 141
[16] Mitten RW, Edwards GA, Rishniw M. Diagnosis and man-
agement of cor triatriatum dexter in a pyrenean mountain
dog and an akita inu. Aust Vet J 2001;79:177e80.

[17] Dobak TP, Starrak G, Linn K, Snead ECR. Imperforated cor
triatriatum dexter in a dog with concurrent caudal vena
cava wall mineralization. Acta Vet Scand 2017;59:3.

[18] Bernardin F, Freulon A, Rigaud R, Ribas T, Jaillardon L,
Chervier C, Chuzel T, Viguier E, Pariaut R, Bublot I.
Shunting between the CVC and both the Azygous vein and
thoracic duct in a dog with CTD. J Am Anim Hosp Assoc
2013;49:128e34.

[19] Stafford Johnson M, Martin M, De Giovanni JV, Boswood A,
Swift S. Management of cor triatriatum dexter by balloon
dilatation in three dogs. J Small Anim Pract 2004;45:
16e20.

[20] Barncord K, Stauthammer C, Moen SL, Hanson M,
Gruenstein DH. Stent placement for palliation of cor tria-
triatum dexter in a dog with suspected patent foramen
ovale. J Vet Cardiol 2016;18:79e87.

[21] Tanaka R, Hoshi K, Shimizu M, Hirao H, Akiyama M,
Kobayashi M, Machida N, Maruo K, Yamane Y. Surgical
correction of cor triatriatum dexter in a dog under
extracorporeal circulation. J Small Anim Pract 2003;44:
370e3.

[22] Chanoit G, Bublot I, Viguier E. Transient tricuspid valve
regurgitation following surgical treatment of cor tria-
triatum dexter in a dog. J Small Anim Pract 2009;50:
241e5.

[23] Birettoni F, Caivano D, Bufalari A, Giorgi ME, Miglio A,
Paradies P, Porciello F. Transthoracic ultrasound guided
balloon dilation of cor triatriatum dexter in 2 Rottweiler
puppies. J Vet Cardiol 2016;18:385e90.
[24] Arndt JW, Oyama MA. Agitated saline contrast echo-
cardiography to diagnose a congenital heart defect in a
dog. J Vet Cardiol 2008;10:129e32.

[25] Yang VK, Nussbaum L, Rush JE, Cunningham SM,
MacGregor J, Antoon KN. Congenital cardiac malformation
with three-chambered right atrium and a persistent left
cranial vena cava in a dog. J Vet Cardiol 2015;17:62e70.

[26] Buchanan JW, Bucheler J. Vertebral scale system to
measure canine heart size in radiographs. J Am Vet Med
Assoc 1995;206:194e9.

[27] Liu SK, Tilley LP. Dysplasia of the tricuspid valve in the dog
and cat. J Am Vet Med Assoc 1976;169:623e30.

[28] Bonagura JD. Congenital heart disease. In: Fox PR, editor.
Textbook of Canine and Feline Cardiology. Philadelphia: W.
B. Saunders; 1999. p. 471e535.

[29] Zipes DP. Specific arrhythmias: diagnosis and treatment.
In: Braunwald E, editor. Braunwald’s Heart Disease. Phil-
adelphia: Elsevier; 1988. p. 658e716.

[30] Santilli RA, Spadacini G, Moretti P, Perego M, Perini A,
Crosara S, Tarducci A. Anatomic distribution and electro-
physiologic properties of accessory atrioventricular path-
ways in dogs. J Am Vet Med Assoc 2007;231:393e8.

[31] James TN. Normal and abnormal consequences of apop-
tosis in the human heart. Annu Rev Physiol 1998;60:
309e25.

[32] Kornreich BG, Moise NS. Right atrioventricular valve mal-
formation in dogs and cats: an electrocardiographic survey
with emphasis on splintered QRS complexes. J Vet Intern
Med 1997;11:226e30.

[33] Lamers WH, Moorman AFM. Cardiac septation: a late con-
tribution of the embryonic primary myocardium to heart
morphogenesis. Circ Res 2002;91:93e103.
Available online at www.sciencedirect.com

ScienceDirect

http://refhub.elsevier.com/S1760-2734(18)30147-4/sref16
http://refhub.elsevier.com/S1760-2734(18)30147-4/sref16
http://refhub.elsevier.com/S1760-2734(18)30147-4/sref16
http://refhub.elsevier.com/S1760-2734(18)30147-4/sref16
http://refhub.elsevier.com/S1760-2734(18)30147-4/sref17
http://refhub.elsevier.com/S1760-2734(18)30147-4/sref17
http://refhub.elsevier.com/S1760-2734(18)30147-4/sref17
http://refhub.elsevier.com/S1760-2734(18)30147-4/sref18
http://refhub.elsevier.com/S1760-2734(18)30147-4/sref18
http://refhub.elsevier.com/S1760-2734(18)30147-4/sref18
http://refhub.elsevier.com/S1760-2734(18)30147-4/sref18
http://refhub.elsevier.com/S1760-2734(18)30147-4/sref18
http://refhub.elsevier.com/S1760-2734(18)30147-4/sref18
http://refhub.elsevier.com/S1760-2734(18)30147-4/sref19
http://refhub.elsevier.com/S1760-2734(18)30147-4/sref19
http://refhub.elsevier.com/S1760-2734(18)30147-4/sref19
http://refhub.elsevier.com/S1760-2734(18)30147-4/sref19
http://refhub.elsevier.com/S1760-2734(18)30147-4/sref19
http://refhub.elsevier.com/S1760-2734(18)30147-4/sref20
http://refhub.elsevier.com/S1760-2734(18)30147-4/sref20
http://refhub.elsevier.com/S1760-2734(18)30147-4/sref20
http://refhub.elsevier.com/S1760-2734(18)30147-4/sref20
http://refhub.elsevier.com/S1760-2734(18)30147-4/sref20
http://refhub.elsevier.com/S1760-2734(18)30147-4/sref21
http://refhub.elsevier.com/S1760-2734(18)30147-4/sref21
http://refhub.elsevier.com/S1760-2734(18)30147-4/sref21
http://refhub.elsevier.com/S1760-2734(18)30147-4/sref21
http://refhub.elsevier.com/S1760-2734(18)30147-4/sref21
http://refhub.elsevier.com/S1760-2734(18)30147-4/sref21
http://refhub.elsevier.com/S1760-2734(18)30147-4/sref22
http://refhub.elsevier.com/S1760-2734(18)30147-4/sref22
http://refhub.elsevier.com/S1760-2734(18)30147-4/sref22
http://refhub.elsevier.com/S1760-2734(18)30147-4/sref22
http://refhub.elsevier.com/S1760-2734(18)30147-4/sref22
http://refhub.elsevier.com/S1760-2734(18)30147-4/sref23
http://refhub.elsevier.com/S1760-2734(18)30147-4/sref23
http://refhub.elsevier.com/S1760-2734(18)30147-4/sref23
http://refhub.elsevier.com/S1760-2734(18)30147-4/sref23
http://refhub.elsevier.com/S1760-2734(18)30147-4/sref23
http://refhub.elsevier.com/S1760-2734(18)30147-4/sref24
http://refhub.elsevier.com/S1760-2734(18)30147-4/sref24
http://refhub.elsevier.com/S1760-2734(18)30147-4/sref24
http://refhub.elsevier.com/S1760-2734(18)30147-4/sref24
http://refhub.elsevier.com/S1760-2734(18)30147-4/sref25
http://refhub.elsevier.com/S1760-2734(18)30147-4/sref25
http://refhub.elsevier.com/S1760-2734(18)30147-4/sref25
http://refhub.elsevier.com/S1760-2734(18)30147-4/sref25
http://refhub.elsevier.com/S1760-2734(18)30147-4/sref25
http://refhub.elsevier.com/S1760-2734(18)30147-4/sref26
http://refhub.elsevier.com/S1760-2734(18)30147-4/sref26
http://refhub.elsevier.com/S1760-2734(18)30147-4/sref26
http://refhub.elsevier.com/S1760-2734(18)30147-4/sref26
http://refhub.elsevier.com/S1760-2734(18)30147-4/sref27
http://refhub.elsevier.com/S1760-2734(18)30147-4/sref27
http://refhub.elsevier.com/S1760-2734(18)30147-4/sref27
http://refhub.elsevier.com/S1760-2734(18)30147-4/sref28
http://refhub.elsevier.com/S1760-2734(18)30147-4/sref28
http://refhub.elsevier.com/S1760-2734(18)30147-4/sref28
http://refhub.elsevier.com/S1760-2734(18)30147-4/sref28
http://refhub.elsevier.com/S1760-2734(18)30147-4/sref29
http://refhub.elsevier.com/S1760-2734(18)30147-4/sref29
http://refhub.elsevier.com/S1760-2734(18)30147-4/sref29
http://refhub.elsevier.com/S1760-2734(18)30147-4/sref29
http://refhub.elsevier.com/S1760-2734(18)30147-4/sref30
http://refhub.elsevier.com/S1760-2734(18)30147-4/sref30
http://refhub.elsevier.com/S1760-2734(18)30147-4/sref30
http://refhub.elsevier.com/S1760-2734(18)30147-4/sref30
http://refhub.elsevier.com/S1760-2734(18)30147-4/sref30
http://refhub.elsevier.com/S1760-2734(18)30147-4/sref31
http://refhub.elsevier.com/S1760-2734(18)30147-4/sref31
http://refhub.elsevier.com/S1760-2734(18)30147-4/sref31
http://refhub.elsevier.com/S1760-2734(18)30147-4/sref31
http://refhub.elsevier.com/S1760-2734(18)30147-4/sref32
http://refhub.elsevier.com/S1760-2734(18)30147-4/sref32
http://refhub.elsevier.com/S1760-2734(18)30147-4/sref32
http://refhub.elsevier.com/S1760-2734(18)30147-4/sref32
http://refhub.elsevier.com/S1760-2734(18)30147-4/sref32
http://refhub.elsevier.com/S1760-2734(18)30147-4/sref33
http://refhub.elsevier.com/S1760-2734(18)30147-4/sref33
http://refhub.elsevier.com/S1760-2734(18)30147-4/sref33
http://refhub.elsevier.com/S1760-2734(18)30147-4/sref33
www.sciencedirect.com/science/journal/17602734

	Cor triatriatum dexter in 17 dogs
	Introduction
	Animals
	Materials and methods
	Results
	History and physical examination
	Clinical pathology findings
	Thoracic radiography
	Electrocardiographic findings
	Echocardiographic findings
	Interventional procedures
	Outcomes
	Gross pathology

	Discussion
	Limitations
	Conclusions
	Conflicts of Interest Statement
	Appendix A. Supplementary data
	References


