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Abstract

Cortriatrumdexter (CTD) is a rare congenital malformation that can affect both humans and animals, in
which the right atrium (RA) is divided into two chambers by a membranous structure. There is a high
incidence of other cardiac congenital abnormalities associated with CTD. Clinical manifestations vary
widley according to the degree of partitioning or septation of the RA. This study show the clinical case of a
two-year-old, male intact, crossbreed dog, affect from CTD associated with three other congenital heart
malformations: pulmonic stenosis, mitral and tricuspid dysplasia. Diagnosis, monitoring and drug therapy
of the clinical case will be reported.
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Introduction

Cortriatriatum is a very rare heart malformation that can affect humans (1), dogs (2) and cats (3).
The cortriatriatum involves the division of an atrium into two smaller chambers (4,5,6). According
to the atrium affected by the malformation, it is called cortriatriatumdexter (CTD) for the right
atrium (RA), or cortriatriatum sinister if the left atrium is affected (4,5,6). CTD is caused by an
abnormal septation of RA which is divided for the persistence of the embryonic right valve of the
sinus venosus (4,5,6). This septum may range from a reticulum to a substantial sheet of tissue (4).
The division of the RA causes a different pressure gradient between the small cranial sub-chamber,
which receives the cranial vena cava and has extensive contacts with the tricuspid annulus, and the
caudal sub-chamber which instead receives blood from the caudal vena cava (4,5,6). In most cases of
CTD, the caudal vena cava is more affected by this division because the caudal sub-chamber in RA
is often with a greater pressure gradient than the cranial one (4,5,6).

The abnormal membrane can causes RA obstruction of varying degrees, which depends on the
blood flow and the pressure gradient between the two chambers of the RA (4,5,6). Other important
factors, are the size of the membrane perforation between the two chambers and other possible

associated heart defects. Infact, pulmonary stenosis, tricuspid valve dysplasia, persistent foramen
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ovale, pericardial agenesis, persistent left cranial vena cava, Ebstein's anomaly and ventricular
septal defect are often found in dogs with CTD (2,4).

CTD in humans has a 0.025% incidence of all congenital cardiac malformations (6), while in dogs
there are no statistical estimates but only occasional case reports (2,7,8,9). In both dogs and
humans, CTD can cause clinical manifestations of varying severity (1,2,6). In both species,
symptoms are mainly associated with right heart failure causing: exercise intolerance, exercise-
induced dyspnea, syncope, peripheral edema, pleural effusion, hepatomegaly, and cyanosis (1,2,6).
Very mild or asymptomatic cases are also described in humans (1,2,6).

Clinical Case

A 2-year-old crossbreed, male, weighing 22.6 kg, with lethargy and anorexia for about 3 weeks,
was referred. His vet examined the dog a week earlier and had detected a heart murmur. The dog
also underwent an abdominal echo examination which showed abdominal effusion. All the
parameters of the biochemical and blood count were within the physiological ranges. Then, until
the cardiological examination, the dog was treated with furosemide 2 mg/kg BID, which was
followed by an improvement of the clinical conditions.

One week later, at the cardiological examination the dog showed: 100 beats per minute, 30 breaths
per minute, 38.5 °C temperature, pale mucous membranes and capillary refill time >2 seconds. A
basilar meso-systolic heart murmurs of intensity 1\V/VI, with PMI on the left side was detected.
The radiographic examination of chest revealed: moderate enlargement of the RA region, cardiac
silhouette with VHS = 10.5 and enlargement of pulmonary veins. Electrocardiogram examination
showed right axis deviation and P wave with increased amplitude. Two-dimensional, Doppler and
color Doppler echocardiography was performed with an ultrasonographic machine (M9Vet,
Mindray, China), and revealed multiple congenital heart defects. A right atrial enlargement and a
dilated coronary sinus has been found. The echocardiographic examination showed a perforated
membrane divided the RA into two chambers suggestive of CTD (Fig. 1), this finding was also
confirmed by agitated saline contrast. The tricuspid valve was dysplasic for the presence of
thickened and shortned leaflets, with limited motion and inadequate coaptation during the systole
(Fig. 1). The mitral valve was also abnormal, had thickened leaflets and showed prolapse during
ventricular systole (Fig. 1). The left atrium appears enlarged, in fact it showed a left atrium-aorta
ratio score of 1.9 (reference ranges <1.6) (Fig. 2) (10). The pulmonary valve annulus was
hypoplastic with an infundibular restricting and thickened motionless leaflets (Fig. 3). The blood
flow through the pulmonary valve was turbulent, with a peak velocity of 3.7 m / s, suggesting a
peak systolic transvalvular pressure gradient of 53 mmHg. The dog was therefore affected by

pulmonary stenosis (11) (Fig. 3). The final diagnosis was CTD, associated with pulmonic stenosis,
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mitral and tricuspid dysplasia. An angiography was proposed to better characterize the membrane
inside the RA and therefore plan a surgery (8,11) but the owner refused any other non-medical
treatment. Then, the dog continued furosemide therapy at 2 mg/kg/os/BID and showed an
excellent initial response. In fact, at the follow-up visit performed 2 weeks after the start of
treatment with furosemide, the abdominal effusion had decreased and the dog had a further
improvement in clinical conditions. Despite the therapy, however, the dog showed clinical
worsening caused by large pleural and abdominal effusion two months later. Therefore, the dog

was euthanized on the owner request. The autopsy was proposed to the owner but he refused.

Fig. 1. A perforated membrane dividing the right atrium suggestive of ~ Fig. 2. The left atrium appears enlarged. The rate between the left
CTD is present. The tricuspid valve and the mitral valve are displasic. atrium and the annuls aortic is 1.9
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Discussion and conclusion

CTD is a congenital disease that causes a heart with three atria (1,5). The division of RA can have
different degrees resulting in clinical manifestations of different severity (2,4). CTD is also often
associated with other congenital heart defects (4,11). The embryologic mechanism behind CTD, and
the relationship between CTD and other congenital heart defects, remains not fully understood (4,11).

It is possible that insufficient apoptosis during the formation of atrioventricular or semilunar valves
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could cause an incomplete separation of the tricuspid valve leaflet from the right ventricular wall, and
the persistence of sinus venosus valve (12,13). Genetic mutations occurring during pregnancy may also
have an important role in the development of this defect (12,13), but furthers studies are necessary to
better understand the origin of the CTD.

In this case, a dog with CTD with associated moderate pulmonic stenosis, tricuspid and mitral
dysplasia is described. Anorexia and lethargy are non-specific clinical findings, but ascites and cardiac
murmur suggest right-sided heart disease. Although the radiographic examination is not specific for
CTD, the enlargement of the cardiac shiloutte, the increase size of the pulmonary veins and the
enlargement of the RA are radiographic findings associated with right-sided congestive heart failure
and require an evaluation of the heart by echocardiographic examination (11). In fact, the
echocardiographic examination is considered the most useful tool for the diagnosis, evaluation and
monitoring of CTD and other heart diseases (4,11). However, it should be emphasized that it is
necessary to use the saline-agitated contrast to differentiate CTD from aneurysmal dilation of the RA
(2,4). In the literature there is debate on the prognostic utility of the peak diastolic velocity of the
transmembrane flow between the two small chambers within the RA (2). In dogs with CTD without
other heart defects, the peak diastolic velocity of the transmembrane flow is likely to reflect the
severity of the obstruction. In this case report, the CTD was associated with other right-sided cardiac
malformations, such as tricusplid dysplasia and pulmonary stenosis, which influenced the pressure
gradient between the two chambers and therefore the measurement was unreliable (2).

The best treatment for dogs with CTD is surgery (2,4,8,9). Interventional procedures including the
balloon membranostomy, stent implantation or surgical resection, when performed, present a good
success in improving clinical signs and no serious complications are reported, but they are to prefer in
dogs that show mild clinical signs in absence of pulmonic hypertension (2,4,8,9). When surgical
treatment is not possible, drugs therapy improves the dog's quality of life but the long-term prognosis is
not good (4,11).

Diuretic treatment decreases pressure in the RA and the formation of abdominal effusion. Other drugs
to be added to furosemide must be evaluated according to the haemodynamic effects that the other
heart defects associated with CTD have and therefore the echocardiographic examination have a very
important role (2,4,11). In our case, for example, if the pulmonary stenosis had been severe instead of
moderate, the addition of beta-blockers could have been evaluated to decrease the dynamic obstruction
of the outflow tract and the hypertrophy of the right ventricle (11). An important class of drugs in the
long-term therapeutic management of atrioventricular valvular insufficiency are angiotensin-
converting enzyme inhibitors (ACEI) (11,14). In fact, ACEIs decrease the effects of the renin-

angiotensin-aldosterone system (RAAS), lower blood pressure and increase long-term survival (11,14).
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The role of ACEIs in acute treatment is less clear (14).

In conclusion, it is important to keep in mind that each medical therapy must be adapted to the specific
clinical case and its unique characteristics. It should also be noted that all dogs treated with drug
therapy must be carefully monitored periodically to avoid electrolyte, blood pressure, haemodynamic

imbalances and increased renal values (11,14).
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