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Abbreviations: PE, pulmonary stenosis; ACE, angiotensin 
converting enzyme; PGr, pressure gradient; BPM, beats per minute; 
ECG, electrocardiogram; CHF, congestive heart failure; RV, right 
ventricle

Introduction
Pulmonary stenosis (PE) is a heart disease characterized by a 

narrowing of the right ventricular outflow tract due to the occurrence 
of a fibrous ring, which may manifest as congenital or rarely acquired.1 
This change causes resistance to blood flow and an increase in after 
load, causing elevation of right ventricular systolic pressure, resulting 
in concentric hypertrophy. Some canine breeds are predisposed 
to the occurrence of this disease, in general, small breeds such as 
Schnauzers, Beagles and Cocker Spaniel.2

In humans, patients with moderate and severe congenital 
defects of the pulmonary artery tend to undergo with the increasing 
repercussion of the disease,3 while the discrete defects tend to 
decrease.4 The average longevity of patients with this type of defect 
is relatively short, due to the appearance of adverse factors in the 
evolution, responsible for deterioration of ventricular function, 

mainly represented by hypertrophy, fibrosis and, consequently, heart 
failure and arrhythmias.5

For the diagnosis of PE, imaging techniques such as 
echocardiography and thoracic radiography play a decisive role. 
Radiography can demonstrate the right cardiac enlargement pattern, 
pulmonary trunk distention, and decreased pulmonary vascularization.6 
The echocardiogram, considered the gold standard for the diagnosis of 
pulmonary stenosis, may reveal a concentric hypertrophy of the right 
ventricle, dilation of the pulmonary trunk, enlargement of the right 
cardiac chambers and an increase in the thickness of the pulmonary 
valve leaflets. Through the Doppler technique it is possible to identify 
and determine the exact location of the stenosis. Furthermore, it is 
used to determine the maximum velocity of blood flow and, therefore, 
to classify the stenosis according to its severity in mild, moderate and 
severe.2,7

The treatment of this change will depend on the severity of the 
disease. Patients with pulmonary stenosis classified as mild usually do 
not require treatment, however, it is indicated a follow-up of the same, 
with periodic clinical cardiological evaluation and complementary 
tests to monitor the progression of the disease.8 In more severe cases, 
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Abstract

Pulmonary stenosis is a congenital disease characterized by narrowing of the right 
ventricular outflow tract. This change results in a resistance to blood flow and, 
consequently, an increase in the after load, leading to the elevation of systolic 
pressure of the right ventricle, resulting in concentric hypertrophy. Echocardiographic 
findings, such as right ventricular diastolic dysfunction, stenosis and pulmonary valve 
insufficiency, with regurgitant flow observed at color Doppler, were essential for 
diagnosis. A 5years old small dog, attended at the Hospital Veterinário Universitário 
HVU/UFPI, was taken as an animal model to report the hemodynamic changes caused 
by pulmonary insufficiency and stenosis, in a comparative analysis to the same disease 
when it occurs in humans. Due to the similarities between hemodynamic findings 
in pulmonary stenosis of dogs and humans, this species proved to be a good animal 
model to evaluate the repercussion of this congenital heart disease by Doppler 
echocardiography.
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surgical treatment is recommended, in which transcatheter balloon 
angioplasty or endovascular stent implantation is performed in the 
stenosed portion, which is the same performed in humans.9,10

A 5years old small dog was treated as an animal model at 
Hospital Veterinário Universitário, from Universidade Federal do 
Piauí HVU/UFPI, with the objective of reporting the hemodynamic 
changes caused by pulmonary artery insufficiency and stenosis, in a 
comparative analysis of the same disease when it occurs in humans. 

Case presentation
It was attended at the Hospital Veterinário Universitário da 

Universidade Federal do Piauí - HVU/UFPI a female dog, with no 
defined breed, 5years old, weighing 4.5kg. During the anamnesis, the 
owner reported that the animal presented fatigue, respiratory distress, 
tachypnea, tachycardia and lethargy. During the clinical examination, 
the animal was slightly dehydrated, pale mucosa, heart rate of 
138bpm, ascites and tachypnea. At the auscultation, it was identified 
grade IV/V systolic murmur, focusing on pulmonary valve. Clinical 
findings were compatible with heart disease.

The animal was hospitalized and complementary exams such 
as, thoracic radiography, electrocardiography, echocardiography, 
abdominal ultrasonography, hemogram and biochemicals were 
requested. In the hemogram, no abnormalities were found, whereas 
in the biochemical, there was a decrease in urea and globulin levels 

and an increase in creatine kinase. Radiographic examination 
showed an increase in the cardiac silhouette, with loss of definition 
of the cardiac apex, globose heart, pleural effusion and generalized 
cardiomegaly (Figure 1A). Abdominal ultrasonography revealed 
free fluid and thick floating septations with hyper refrigerant echoes. 
The electrocardiographic examination excluded the presence of 
arrhythmias and demonstrated findings consistent with atrioventricular 
overload and myocardial hypoxia (Figure 1B).

The echocardiographic examination revealed: 

i.	 Irregular rhythm, 

ii.	 Heart rate of 120bpm, 

iii.	 Preserved left ventricular systolic function, 

iv.	 Left ventricular diastolic dysfunction grade II, 

v.	 Preserved right ventricular systolic function, 

vi.	 Diastolic dysfunction in the right ventricle, 

vii.	 Stenosis and pulmonary valve insufficiency, with a regurgitant 
flow of 26mmHg mild pulmonary hypertension (Figure 1C‒1D).

 The treatment with intravenous furosemide (1mg/kg), benazepril 
(0.5mg/kg) and sildenafil (1mg/kg) was started. However, the patient 
died five days after the consultation due to the aggravation of the case, 
and the guardian did not authorize the necropsy examination.

Figure 1 A, Radiographic examination showed an increase in the cardiac silhouette, with loss of definition of the cardiac apex, globose heart, pleural effusion 
and generalized cardiomegaly. 
B, The electrocardiographic examination excluded the presence of arrhythmias and demonstrated findings consistent with atrioventricular overload and 
myocardial hypoxia. 
C‒D, Note the stenosis and pulmonary valve insufficiency, with a regurgitant flow of 26mmHg mild pulmonary hypertension.
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Discussion
Pulmonary stenosis is one of the most frequent congenital heart 

diseases that affect dogs, and may occur alone or in association 
with other conditions, although the patient in question presented 
pulmonary stenosis as the only alteration. The signs observed in 
the clinical examination were consistent with right congestive heart 
failure (CHF),11 and these findings are frequent in small animals, such 
as the animal in the report.12

The stable asymptomatic course that the patient took until the 
onset of symptoms at a later age is taken as usual, based on the 
natural history of mild to moderate congenital EP, as well as reported 
in elderly humans patients.13 However, the subsequent progressively 
symptomatic phase with a severe gradient is relatively rare. This fact 
may have occurred, among other factors, because of advanced valve 
insufficiency, an alteration commonly observed in association with 
congenital PE.14

In general, like others congenital heart diseases, pulmonary 
stenosis is more commonly reported and it has clinical importance 
in young patients. However, similar to that observed in the present 
case, some exceptions are described in the human literature, where the 
disease symptoms are only present in advanced ages.15

The clinical signs obtained by the anamneses and physical 
examination, such as exercise intolerance, respiratory stress, 
tachypnea, tachycardia and lethargy, were determinate for the 
suspicion of cardiopathy. The same symptoms have been reported 
in the literature for humans with PE.16 Also, changes reported on 
Doppler echocardiography, as well as increased right ventricular 
pressure and hypertrophy, RV diastolic dysfunction, and regurgitant 
flow pulmonary valve narrowing and failure were similar to findings 
reported for an adult woman showing the same changes.17

The abnormal presence of free abdominal fluid detected on 
abdominal ultrasonography was a result of important hemodynamic 
changes, derived from the hydrostatic imbalance of the right cardiac 
chambers.18 The thorax radiograph showed a significant role, allowing 
the detection of a generalized cardiac enlargement, especially in the 
atrium and right ventricle, showing an inverted “D” pattern in the 
dorsoventral projection, in addition to the cardiac silhouette with the 
sternum, in left lateral projection. In addition, radiographic images 
allowed to evaluate the evolution of pleural effusion.18,19

The electrocardiogram (ECG) was sensitive to the presence of right 
atrioventricular overload and to the monitoring of the heart rhythm. 
There was no deviation of the cardiac electric axis, right or left branch 
block, although these are frequent reports in the human literature 
patients with stenosis and congenital pulmonary insufficiency.8,20,21 
In humans, atrial fibrillation, premature ventricular complexes and 
cardiac electrical axis deviations were reported in patients with PE, 
however, these patients had other cardiac changes in association.15 
Although ECG points to indirect signs of changes due to pulmonary 
disease with repercussions in right heart chambers, these should 
be investigated by other diagnostic methods, such as spirometry, 
echocardiography or computed tomography (TC).3,22

Echocardiography was very sensitive in the identification of 
stenosis, as well as in the determination of pulmonary flow velocities 

and areas of greater turbulence, characterized by color mosaic and 
spectral waves with absence of systolic window and notches during the 
wave deceleration phase. The lesion was identified at the valve level, 
where a blood flow velocity of 201.9cm/s and pressure gradient (GrP) 
of 26mmHg, mild grade stenosis, was determined. Such alterations 
are similar to echocardiographic findings in human PD patients, in 
which pulmonary stenosis, right ventricular hypertrophy, reduced RV 
systolic function, biatrial enlargement, aortic insufficiency, mitral 
and tricuspid insufficiency and shunts were reported. However, the 
severity of these varied changes in each case according to the degree 
of the change and the presence of other pathologies.15,23 

Due to these findings, drug therapy24 was chosen with the use 
of an angiotensin converting enzyme (ACE) inhibitor, benazepril, 
at a dose of 0.5mg/kg for the treatment of heart failure, aiming at 
the relaxation of the right ventricle and, consequently, improvement 
in the transvalvar gradient.25 Pharmacological blockade of ACE-
activated hormones or their metabolic pathways prolongs survival in 
patients with Congestive Heart Failure (CHF). This drug decreases 
the peripheral vasoconstriction caused by angiotensin II and inhibits 
sodium and water reabsorption stimulated by the production and 
release of aldosterone, acting for 24hours and given once daily.26

For the treatment of pulmonary hypertension, we chose to use 
sildenafil, aiming at cardiovascular stabilization by improving 
oxygenation and reducing pressure in the pulmonary artery, a similar 
protocol used in humans.27 Sildenafil was studied in animal models 
of pulmonary hypertension, which showed a selective pulmonary 
vasodilator with no effect on systemic arterial pressure.28 The effects 
of Sildenafil on pulmonary vasculature are independent of the etiology 
of pulmonary hypertension, and may vary according to age, except 
when secondary to congenital heart disease.29

However, risk factors may negatively affect the prognosis of 
patients diagnosed with pulmonary stenosis, such as age at diagnosis 
(less than one year of age), type B or type 2 stenosis, and concomitant 
clinical signs of congestive heart failure. Due to the concomitance of 
the stenosis with signs of congestive heart failure, and the prolonged 
time from the appearance of the clinical signs until the animal 
arrives the hospital, the prognosis became unfavorable, favoring the 
aggravation of the disease, resulting in the death of the animal.30

Conclusion
Although congenital heart diseases are more commonly reported 

and of greater importance in young animals, they may manifest in 
patients with more advanced age, causing systemic alterations that 
require immediate treatment, similar to reported for humans. In this 
sense, regardless of the cause, it is of the utmost importance for 
clinicians to be alert to the occurrence of this disease, making possible 
the early diagnosis through the accomplishment of complementary 
exams and, consequently, improving the chances of successful 
treatment. Due to the similarities between hemodynamic findings in 
pulmonary stenosis of dogs and humans, this species proved to be 
a good animal model to evaluate the repercussion of this congenital 
heart disease by Doppler echocardiography.
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