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Canine pulmonary hypertension is a clinical condition that needs to be adequately 
investigated and recognised because of  the lack of  specifi c clinical signs, the 
potential for rapid and irreversible deterioration of  pulmonary vascular function 
and the development of  right-sided heart failure. In recent years, many studies have 
been published on pulmonary hypertension, improving the understanding of  its 
pathophysiology, the accuracy of  diagnostic tests and the management of  affected 
patients. This article provides updated information on pulmonary hypertension and 
serves as a resource for veterinarians regarding the interpretation of  diagnostic tests 
and the clinical management of  affected dogs.

Key words: Canine, echocardiography, heart, phosphodiesterase inhibitors, pulmonary 
arterial hypertension.

INTRODUCTION

Pulmonary hypertension (PH) is considered a physiological fi nding rather than a 
real primary disease. It can be the result of  increased right ventricular cardiac output 
(CO), pulmonary artery fl ow, pulmonary vascular resistance (PVR) or pulmonary 
venous pressure [1]. In humans, PH is defi ned as an increase in mean pulmonary 
artery pressure (PAP) greater than 25 mmHg recorded by invasive catheterisation [2,3]. 
Another defi nition considers the haemodynamic mechanism underlying the increased 
PAP. In particular, if  the increased PAP is due to increased PVR or pulmonary fl ow, 
PH is defi ned as pre-capillary, while if  increased PAP is due to increased left ventricular 
end-diastolic pressure, pulmonary venous and capillary wedge pressure, PH is defi ned 
as post-capillary [2,3]. 

In recent years the scientifi c interest in PH has greatly increased and many studies 
focused on PH have permitted a better understanding of  its pathophysiology and a 
refi ning of  the diagnostic approach and management of  affected humans [4] and dogs 
[5]. 
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The aim of  this article is to review the recent literature on PH and to summarise useful 
information about its clinical aspects, diagnosis and treatment in the dog.

CLASSIFICATION OF PULMONARY HYPERTENSION

The fi rst classifi cation of  PH was proposed by the World Health Organization (WHO) 
in the early seventies [6]. Since then, the classifi cation system has been revised many 
times and modifi ed according to the most recent scientifi c evidence. Thus, a clinical 
classifi cation has been developed in order to characterise different types of  human 
PH that share similarities in pathophysiologic mechanisms, clinical presentations, 
and therapeutic options [7,8]. Currently, diseases related to the development of  PH 
have been classifi ed into 5 groups: 1) pulmonary arterial hypertension; 2) pulmonary 
hypertension due to left heart disease; 3) PH associated with disorders of  the 
respiratory system or hypoxemia, 4) PH caused by thrombotic or embolic diseases, 
and 5) PH with unclear multifactorial mechanisms [7,8] as reported in Table 1.

In veterinary medicine, a similar classifi cation system has not been developed, and 
canine PH is often reported as a primary or secondary condition [9,10] or, according 
to the haemodynamic pathophysiologic mechanism, as pre-capillary or post-capillary 
[11].

Different pulmonary and cardiac diseases have been associated with canine PH and 
the underlying mechanism can often be attributed to some of  the fi ve groups of  the 
WHO classifi cation, although some diseases associated with PH in humans do not 
affect dogs (Table 1). 

Group 1

Pulmonary arterial hypertension includes either primary or idiopathic PH. This 
condition has been associated with varying degrees of  intra-parietal arteriolar lesions 
and is considered rare in dogs [12,13]. Some congenital heart malformations, such 
as patent ductus arteriosus [14] or large atrial or ventricular septal defects [15] with 
left-to-right shunting can cause PH due to pulmonary circulation volume overload 
[8]. This form is considered reversible, but in some cases arteriolar lesions similar 
to those described for the idiopathic type have been reported [16,17]. However, it is 
still not completely clear whether or not PH and the observed lesions are caused by 
a congenital predisposition of  the animal to develop idiopathic PH, or by the shunt 
itself  [16,18]. 

Group 2

Dogs with high pulmonary venous pressure, increased capillary wedge pressure 
and normal PVR are included in this group. This condition is the most frequently 
observed cause of  PH in dogs and is secondary to increased left atrial pressure and 
left heart failure [19] occurring with myxomatous mitral valve disease (MMVD), 
dilated cardiomyopathy (DCM), myocarditis and atrial distension associated with atrial 
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fi brillation [9,14,20]. In dogs with MMVD, the severity of  PH is correlated with the 
progression of  the disease, increased left atrial pressure [21–23] and an increased risk 
of  death [23]. 

Table 1. Classifi cation of  pulmonary hypertension (PH) according to the World Health 
Organization system and human and canine diseases associated with  the pathophysiologic 
mechanism of  each group

Group Human disease Canine disease

1
Pulmonary arterial 
hypertension

Idiopathic (Primary)
Heritable
Drug and toxin induced 
Connective tissue disease
HIV infection
Portal hypertension
Congenital heart disease
Schistosomiasis

Idiopathic
Congenital heart disease   
associated with cardiovascular 
shunts

2
Pulmonary hypertension 
due to left heart disease

LV systolic dysfunction
LV diastolic dysfunction
Valvular disease
Congenital/acquired left-heart     
infl ow/outfl ow obstruction

MMVD 
DCM
Congenital/acquired left-heart 
infl ow/outfl ow obstruction

3
Pulmonary hypertension 
due to disorders of  the 
respiratory system or 
hypoxia

Chronic-obstructive pulmonary disease
Interstitial lung disease
Pulmonary disease with mixed 
restrictive and obstructive pattern
Sleep-disordered breathing
Alveolar hypoventilation disorders
Chronic exposure to high altitude
Developmental lung diseases

Pulmonary fi brosis
Chronic bronchitis
Bronchiectasis
Pneumonia
Tracheobronchial disease
Pulmonary neoplasia
High altitude

4
Pulmonary hypertension 
due to thrombotic or 
embolic disease

Thrombo-embolic obstruction of  
proximal or distal pulmonary artery
Pulmonary embolism 

Systemic diseases associated 
with hypercoagulability 
(Hyperadrenocorticism, IMHA, 
Polycythaemia, Protein-losing 
nephropathy, Pancreatitis, 
Neoplasia, Sepsis)
Heartworm disease
Lungworm disease

5
Pulmonary hypertension 
with unclear 
multifactorial mechanism

Hematologic disorders 
Systemic disorders (Sarcoidosis, 
Pulmonary hystiocitosis, 
Limphangioleiomyomatosis)
Metabolic disorders (Glycogen storage 
disease, Gaucher disease, Thyroid 
disorders)
Others (Tumour obstruction, Fibrosing 
mediastinitis, Chronic renal failure, 
Segmental PH)

None recognized

LV = left ventricular; MMVD = myxomatous mitral valve disease;
DCM = dilated cardiomyopathy; IMHA = immune-mediated haemolytic anaemia
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Group 3

Canine PH associated with acute or chronic hypoxia can be caused by exposure to high 
altitudes [24] as well as respiratory disease such as collapsing trachea [9], pulmonary 
fi brosis, pneumonia, tracheobronchial disease, chronic pulmonary disease, neoplasia 
[14] and canine monocytic ehrlichiosis [25]. 

Group 4

Canine diseases associated with pulmonary thromboembolism (PTE) and secondary 
PH include immune-mediated hemolytic anemia, neoplasia, protein-losing 
nephropathy, hyperadrenocorticism and sepsis [26]. Furthermore, parasitic infections 
of  the pulmonary vessels such as heartworm disease (HWD) due to Dirofi laria immitis 
infection [26,27] and lungworm disease due to Angiostrongylus vasorum [28,29] can cause 
PH, more commonly as a complication after parasiticide administration and worm 
death [30–32]. 

Group 5

Currently there are no recognised canine diseases in this class. 

PATHOPHYSIOLOGY

The pulmonary circulation is a high-fl ow, low-resistance system. In this way it can 
provide adequate oxygen supply to the pulmonary alveoli without damaging the thin 
alveolar walls [33]. In dogs, normal systolic PAP is 21.4 ± 1.5 mmHg and is positively 
correlated with age. [34] 

There are three recognised mechanisms for the development of  PH. The fi rst is 
pulmonary circulatory overload, which occurs in cases of  congenital heart disease 
with left-to-right shunts (group 1 of  the WHO classifi cation of  PH). The second is 
an increase in PVR, which happens in groups 1, 3, 4 and 5, and the third is an increase 
in pulmonary venous pressure and capillary wedge pressure, which happens with left-
sided heart failure (LHF) (group 2) [35]. 

Pulmonary circulatory overload

When the pulmonary arterial system is over-perfused a protective mechanism activates 
a refl ex arteriolar vasoconstriction in order to limit the blood fl ow to the vulnerable 
alveolar circulation [10,36]. This mechanism, which can be reversible at the beginning, 
can become irreversible as a consequence of  progressive arteriolar wall thickening, 
ranging from a reversible medial proliferation to an irreversible occlusion due to 
intimal fi brosis and necrotizing arteritis. The progressive increase in PVR in patients 
with a left-to-right shunt can be attributable mostly to these vascular lesions and only 
partially to the amount of  the shunted blood [37]. Dogs with congenital heart disease 
often develop mild to moderate PH [9,14]. In a study of  24 adult dogs with patent 
ductus arteriosus (PDA) none developed PH [18], while in another study of  fi ve related 
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Pembroke Welsh Corgies with large PDAs, severe PH developed early in life most likely 
because of  the circulatory overload associated with genetic and environmental factors 
[36]. In rare cases, the pulmonary pressure exceeds the systemic pressure causing shunt 
reversal. This phenomenon is known as Eisenmenger’s physiology and has rarely been 
described in dogs [14]. 

Increased Pulmonary Vascular Resistance

Chronic pulmonary disease and chronic hypoxia are associated with increased PVR 
resulting from vasoconstriction and vascular remodelling [38]. When alveolar oxygen 
concentration falls, vasoconstriction of  the local arterioles allows blood fl ow to be 
directed to the better oxygenated areas of  the lungs, optimizing ventilation-perfusion 
matching [39]. In cases of  generalized hypoxia, which happen at high altitude, this 
mechanism can cause an increase in PAP. In dogs, a species that has a reduced response 
to generalized hypoxia compared with other species [40], only mild to moderate PH 
has been observed after prolonged physical training at high altitudes [24]. The increase 
in PVR can be limited by some endogenous mediators like carbon monoxide, nitric 
oxide (NO) or prostacyclin [41]. Moreover, a compensatory polycythaemia secondary 
to chronic hypoxemia may further increase PVR because the increase in the erythrocyte 
number is the main determinant of  blood viscosity, which is directly correlated with 
vascular resistance [42].

With chronic injury, the release of  infl ammatory mediators and the activation of  
platelets and endothelial cells contribute to arterial wall remodelling and worsening of  
PH [38], as a consequence of  external compression against vascular walls (restriction) 
and internal reduction of  the lumen (obstruction) [38]. The reduction in luminal 
diameter can be secondary to thromboembolism (commonly observed in dogs with 
heartworm [30] or lungworm disease [43], and other systemic disorders [26]) or to the 
thickening of  the vascular wall [44]. In particular, an altered production of  vasoactive 
mediators such as NO, endothelin-1, prostacyclin, serotonin and thromboxane, has 
been recognised [45]; increased release of  platelet derived growth factors, and their 
receptors (tyrosine-kinases), may also contribute to disease progression and arterial 
obliteration as they stimulate the proliferation of  muscle cells and fi broblasts in humans 
with idiopathic PH [46]. In chronic embolic pulmonary diseases, endothelin-1(ET-1) 
has a role in arterial remodelling and wall thickening, although a direct obstruction of  
the terminal vessel is considered the main mechanism responsible for the development 
of  PH [47]. Moreover, the recruitment of  arteriovenous pulmonary shunts can limit 
the development of  severe PH [29].  

Increased pulmonary venous pressure: 

In LHF, the PVR is not initially increased, and PH results from the combination of  
increased left atrial pressure and reactive hypoxic vasoconstriction [19]. In chronic 
disease, the neuro-hormonal activation of  the sympathetic nervous system, renin-
angiotensin-aldosterone system, phosphodiesterase-5 and natriuretic peptides 
results in sodium and water retention, vasoconstriction and decreased sensitivity to 
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endogenous vasodilators [1]. Moreover, endothelial dysfunction occurs which activates 
endothelin-1 mediated vasoconstriction and smooth muscle cell proliferation, with a 
secondary increase in PVR [48]. Other mediators of  vascular tone can play a role in 
the development of  PH in LHF. The reduced production of  NO (a potent vasodilator 
produced by endothelial cells) and reduced sensitivity of  the arterial muscle cells to 
NO have been observed in humans with LHF [48]. 

Response of  the right ventricle to increased PAP 

The right ventricle (RV) is functionally coupled to the pulmonary circulation. The 
structural characteristics of  the RV allow for the accommodation of  a large increase 
in blood volume (i.e., preload) but not of  a rapid increase in arterial resistance (i.e., 
afterload). Increased afterload induces increased RV contractility and hypertrophy 
while maintaining the internal diameter (concentric hypertrophy). If  the magnitude 
or rate of  the increase in PAP are too high, this mechanism fails and the RV internal 
diameter increases (eccentric hypertrophy) [42]. As demonstrated in a canine model of  
chronic PH, the RV is able to maintain the CO by increasing its elastance and stiffness 
as well as increasing atrial and ventricular contractility and distensibility [49]. 

The mechanisms underlying the compensatory adaptation of  the RV to PH are not 
completely understood, but an important role can be attributed to the increased 
density of  adrenergic receptors in the RV myocardium [50]. The development of  
RV hypertrophy is associated with an increased oxygen demand and sometimes with 
impaired coronary circulation. These conditions can cause an imbalance in oxygen 
supply and demand and the development of  RV failure [46].

CLINICAL SIGNS

Pulmonary hypertension is often a subtle condition not associated with specifi c clinical 
signs. As it is often a secondary complaint in dogs, clinical history and signs are usually 
those of  the primary disease [10]. Respiratory signs such as tachypnoea, dyspnoea, 
cough and laboured breathing are frequently reported in dogs with both primary and 
secondary PH [9,12,14,20,38,51]. In cases of  PH secondary to pulmonary disease, 
abnormal lung sounds (crackles and wheezes) and cyanosis in cases of  severe hypoxia 
have been reported [38]. In PTE, systemic signs like vomiting, melena, fever, lethargy, 
altered mental status and epistaxis have been described in addition to respiratory signs 
[26]. A right apical systolic murmur is present in cases of  tricuspid regurgitation (TR) 
or, more rarely, a left basal diastolic murmur in cases of  pulmonary insuffi ciency. 

In dogs with PH secondary to MMVD, a left apical systolic murmur is usually present. 
Sometimes signs consistent with pulmonary oedema, such as dyspnoea, pulmonary 
crackles and fatigue are also present [19]. In these dogs, the tricuspid valve can also be 
affected by the degenerative process and a right apical systolic murmur can be audible 
[19]. A recent study found a positive correlation between PH and a loud right apical 
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systolic murmur (≥ 4/6 grade) or a louder murmur on the right side in dogs with 
MMVD [52]. 

In more advanced cases, signs consistent with right-sided CHF, namely ascites, jugular 
vein distension or peripheral oedema can be found [9,14,20,38] sometimes associated 
with signs of  low output heart failure, such as weak femoral pulses, depressed mental 
status and syncope [9]. Clinical signs are usually progressive and the clinical picture in 
end-stage cases can be characterised by cyanosis, weakness, recumbency, reluctance to 
move and lethargy [9,12,13]. 

DIAGNOSIS

Right heart catheterisation

Right heart catheterisation (RHC) is the gold standard method to measure systolic, 
diastolic and mean PAP [3,19,53]. It also enables measurement of  right atrial pressure, 
pulmonary wedge pressure, and left atrial pressure, calculation PVR and CO [42] and  
differentiation of  pre-capillary from post-capillary PH. This technique also permits  
direct assessment of  the haemodynamic effect of  vasoactive substances or drugs (e.g., 
carbon monoxide, oxygen, sildenafi l, iloprost, verapamil, bronchodilators) on PAP 
or PVR in order to predict the response to therapy [3,53]. Unfortunately, because 
of  equipment cost and the need for general anaesthesia this technique is usually not 
accessible to veterinary practitioners and may carry a risk in severely compromised 
dogs [10,19].

Thoracic radiog raphy

Thoracic radiography can provide useful information about respiratory and/or cardiac 
diseases associated with PH, although no pathognomonic radiographic changes can 
be found in dogs with PH. Severe PH is usually associated with cardiomegaly, right 
heart enlargement with a reverse-D shape on the ventro-dorsal or dorso-ventral 
projections and increased sternal contact on the lateral projection, as well as pulmonary 
infi ltrates, enlargement of  the main pulmonary artery, and enlarged, tortuous or 
blunted pulmonary arteries (Fig 1 A and B) [10,53]. Radiographic evaluation also 
helps to detect signs of  right-sided CHF including dilation of  the caudal vena cava, 
hepatomegaly, pleural effusion or ascites and to rule out cardiogenic causes of  the 
respiratory signs [38]. In dogs with PH associated with MMVD, cardiomegaly and 
left atrial and ventricular dilation are often the main radiographic features (Fig 1 C 
and D). These aspects are evident as an increased long axis and short axis of  the 
cardiac silhouette [54] and increased tracheal bifurcation angle [55]; moreover, dilated 
pulmonary vessels, and an interstitial and/or alveolar pattern can be present in cases 
of  cardiogenic pulmonary oedema [56]. In a recent study evaluating the radiographic 
features of  dogs with MMVD and PH, a short-axis diameter of  the cardiac silhouette 
on lateral projection of  > 5.2 thoracic vertebrae and a sternal contact of  > 3.3 thoracic 
vertebrae were signifi cantly correlated with PH with a predictive accuracy of  85.9% 
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[54], although these parameters may refl ect both left and right ventricular enlargement 
[57]. 

Electrocardiography

Electrocardiography is neither a sensitive nor a specifi c test to diagnose PH [38]. 
However, right ventricular and atrial enlargement can be suspected if  right axis deviation 

Figure 1. Right lateral (A) and dorso-ventral (B) views of  the thorax of  a 12-year-old mixed 
breed dog with pulmonary hypertension associated with pulmonary thromboembolism and 
right lateral (C) and dorso-ventral (D) views of  the thorax of  a 10-year-old Cavalier king 
Charles Spaniel with pulmonary hypertension associated with myxomatous mitral valve disease. 
(A) The cardiac silhouette is enlarged with an increased sternal contact and increased length 
of  the short axis (white line) which is transposed onto the vertebral column for measurement 
beginning from the cranial edge of  T4 (short axis length = 5.8 length thoracic vertebrae). 
(B) The large and tortuous caudal pulmonary arteries are outlined. (C) The cardiac silhouette 
is severely and globally enlarged with an increased sternal contact and increased length of  
the short axis (solid line) (short axis length = 6.2 length thoracic vertebrae); the contour of  
the severely enlarged left atrium is outlined (dotted line). (D) The severely enlarged cardiac 
silhouette has a reverse-D appearance and the right caudal pulmonary artery and vein are 
prominent. 
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of  the QRS and high voltage P waves are found, respectively [10,58]. Arrhythmias can 
be associated with PH and are considered the effect of  the increased RV afterload and 
impaired myocardial perfusion [59]. Atrial fi brillation, ventricular and supraventricular 
tachycardia, ventricular premature complexes, 1st degree atrioventricular block and 
bradycardia have been also reported in dogs with PH [9,14]. 

Echocardiography

Echocardiography is the most commonly employed method for the diagnosis of  
PH in dogs and can be useful for non-invasive calculation of  certain haemodynamic 
parameters. Many echocardiographic modalities can be useful in the evaluation of  
dogs with PH such as two-dimensional real time (2D), M-mode, colour code, spectral 
and tissue Doppler [1,19]. 

2D and M-mode fi ndings

2D and M-mode echocardiographic features of  dogs with mild to moderate PH can 
often be normal. Only in cases of  moderate to severe PH do some echocardiographic 
fi ndings suggest an increased pressure in the RV or pulmonary artery including 
fl attening of  the interventricular septum [60], right atrioventricular dilation [9,14] or 
RV eccentric hypertrophy (Fig. 2) [13]. Right ventricular concentric hypertrophy has 
been described in cases of  severe PH, but it seems to develop mainly in young dogs, 
before the fi rst year of  age [14,60]. Other echocardiographic fi ndings suggestive of  
PH are a RV area larger than the LV area, a cardiac apex that includes the RV and 
coronary sinus dilation [60,61]. Some alterations can be also observed regarding the 
left ventricle which can appear small because of  poor fi lling [13,53], with a triangular 
shape in the short axis (Fig 2D) and increased eccentricity index as shown in Fig 
3A. The pulmonary artery is often dilated in dogs with PH [9,22]. Dilation can be 
suspected if  the PA vs aortic root diameter ratio is above 1.15 [60] (Fig 3B). In some 
cases dilation results in lack of  coaptation of  the semilunar cusps and a diastolic 
ballooning of  the leafl ets can be observed [22,60]. The distensibility index of  the right 
pulmonary artery (Fig 3C) was predictive of  PH and highly correlated with invasively 
measured PAP in dogs with HWD [27]. In cases of  post-capillary PH these fi ndings 
are associated with left-sided valvular or myocardial dysfunction and severe left atrial 
enlargement [1]. The main 2D echocardiographic features of  dogs with pre-capillary 
and post-capillary PH are shown in Fig 2.

Tricuspid annular plane systolic excursion (TAPSE) is a linear parameter widely used 
for the assessment of  RV systolic function as it correlates with RV ejection fraction 
in humans [62]. Tricuspid annular plane systolic excursion has an inverse relationship 
with PAP and is predictive of  survival in patients with heart failure [63]. In dogs, a 
study showed that TAPSE was inversely correlated with the severity of  PH of  different 
origins [64]. 
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Colour and spectral (pulsed and continuous wave) Doppler fi ndings

Doppler echocardiography plays a main role in the evaluation of  dogs with PH, 
permits detection of  TR and pulmonary insuffi ciency and quantitatively estimates the 
trans-valvular gradients. 

Tricuspid regurgitation is common in patients with PH especially when the PH exceeds 
50 mmHg. The peak velocity (VMax) of  the TR jet can be used to calculate the systolic 
RV to the right atrium peak gradient (PG) by applying the modifi ed Bernoulli equation 
(PG=4xVMax2) [65, 66].  Although there is no defi nitive consensus on the threshold 
of  pulmonary pressure considered normal in the dog, normal resting values are 
usually  considered for TR Vmax ≤ 2.8 m/s corresponding to a PG ≤30 mmHg) [20, 
67]. Therefore, dogs with TR Vmax > 2.8 are considered affected by PH. Tricuspid 
regurgitation velocity can also be used to defi ne the severity classes of  PH as shown in 
Fig 3D [9]. Tricuspid regurgitation derived PG is correlated with invasively measured 
PAP [66] and the right atrial estimation can be added to estimate the true PAP [67] 
although with this method an overestimation of  the PH severity is possible [19]. The 
accuracy of  Doppler estimated PAP is also dependent on correctly interrogating 
the TR jet and on the RV function; therefore, if  there is RV dysfunction, PAP can 
be underestimated or missed. Another limitation of  this method is the inability to 
estimate PAP in patients with no recordable TR jet. However, despite these limits, the 
TR jet remains the non-invasive method of  choice to estimate the RV and pulmonary 
artery systolic pressure in dogs with PH [19].

Figure 2. Right parasternal long-axis view (A, C and E) and short-axis view (B, D and F) 
obtained by a normal dog (A, B), a dog with pre-capillary pulmonary hypertension (PH) (C, 
D) and a dog with post-capillary PH associated with myxomatous mitral valve disease (E, F). 
Observe the severe RV dilation, small LV and septal fl attening in images C and D and the 
severe left heart dilation associated with degenerative lesions of  the mitral valve (arrow) in 
images E and F. 
RV=Right ventricle; RA=right atrium; IVS=interventricular septum; LV=left ventricle; 
LA=left atrium.
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If  pulmonic insuffi ciency is present, the modifi ed Bernoulli equation can be applied to 
the pulmonic regurgitated jet (Fig 3E). In particular, the early diastolic velocity can be 

Figure 3. Echocardiographic two-dimensional (A, B), M-mode (C) and echo-Doppler 
(D, E) features suggestive of  pulmonary hypertension (PH). The echocardiographic 
projection and the measured modalities are shown on the left side of  the panel; 
equations and reference values are reported on the right side. See text for further 
details and references. 
PA = Pulmonary artery; Ao = Aorta; rPADI = right pulmonary artery distensibility index TR 
= Tricuspid regurgitation; Vmax = peak velocity, PI = pulmonary insuffi ciency.
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used to calculate the mean PAP, and the late diastolic velocity to calculate the diastolic 
PAP [60,65]. Pulmonic insuffi ciency with a peak velocity ≥ 2.2 m/s is considered 
abnormal and suggestive of  PH [14]. 

The pulmonary fl ow profi le can change its shape in cases of  PH as shown in Fig 
4. Three pulmonary fl ow profi les have been described: Type 1 (normal) has a 
symmetrical profi le with a dome shape; Type 2 (mild PH) has a rapid acceleration and 
an asymmetrical profi le; Type 3 (severe PH) has a rapid acceleration and a notching 
during deceleration [14,60]. The rapid acceleration of  the pulmonary ejection fl ow can 
be quantitatively assessed by the acceleration time (AT) which is inversely correlated 
with the PAP [68]. In a more recent study, AT, and its ratio with pulmonary artery 
ejection time (AT/ET), and heart rate (AT/heart rate) were useful for predicting PH 
in West Highland white terriers with chronic pulmonary disease (Fig 5A) [69]. In 
another study on dogs with MMVD and PH, pulmonary artery AT and AT/ET were 
also signifi cantly correlated to PAP [22]. 

The myocardial performance index (MPI), could appropriately discriminate healthy 
subjects from patients with PH in humans [70]. This echocardiographic index was also 
investigated in dogs [71] and was a sensitive and specifi c predictor of  PH  [22]. 

Tissue Doppler imaging fi ndings

Tissue Doppler imaging (TDI) of  the lateral tricuspid annulus can provide indexes 
of  RV systolic and diastolic function and can help in refi ning the diagnosis of  PH, 

Figure 4. Pulmonary artery fl ow profi le patterns. (A) Type 1, normal symmetric fl ow profi le; 
(B) Type 2, steep fl ow profi le with rapid acceleration phase, associated with mild PH; (C) Type 
3, steep fl ow profi le with a mid-systolic notch (arrow), associated with severe PH. See text for 
further details and references. 
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especially when TR or pulmonary insuffi ciency are not present or not adequate for 
accurate interrogation [72].  

Tissue Doppler imaging derived parameters could assess RV dysfunction more 
accurately than conventional Doppler echocardiography in a rat model of  PH [73] 
and could accurately predict PH in human patients without TR independently of  the 
presence of  myocardial dysfunction [74]. In dogs, both diastolic and systolic TDI 
derived velocities showed a signifi cant correlation with PAP and were highly sensitive 
and specifi c in predicting PH [72]. Moreover, the TDI of  the tricuspid annulus can be 
used to calculate the right ventricle MPI as shown in Fig 5 B. 

Biomarkers

A biomarker is a protein or molecule that is easily obtained, quantitatively assessed and 
helpful in guiding diagnostics or treatment [75]. 

In recent years, different cardiovascular biomarkers able to discriminate between 
cardiac disorders and pulmonary disorders, including PH, have been investigated. 
Some of  them, namely cardiac troponins and natriuretic peptides, are available as 
routine laboratory tests and have been studied in dogs with pre-capillary and post-
capillary PH. Other biomarkers, like endothelins are currently employed in research 
settings but their use in clinical practice is not considered promising. 

Cardiac troponins

Troponins are regulatory proteins that are part of  the cardiac and skeletal contractile 
apparatus. They are also present to a minor extent in the cytosol of  myocytes. Cardiac 

Figure 5. Systolic time intervals obtained by pulmonary artery systolic fl ow (A) and tissue 
Doppler imaging of  the tricuspid annulus (B) showing the method of  calculation of  right 
ventricle myocardial performance index (MPI). The fl ow profi les and measured modality for 
each interval are shown on the left side of  the panel, equations and reference intervals are 
reported on the right side. See text for further details and references.
AT = Acceleration time; ET = Ejection time; IVCT = isovolumetric contraction time; IVRT 
= Isovolumetric relaxation time.
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troponin T (TnT) and troponin I (TnI) are considered specifi c markers of  cardiac 
injury in humans and animals [75]. Cardiac TnI is elevated in dogs with both pre-
capillary and post-capillary PH and is mildly positively correlated with PAP and 
with echocardiographic indices of  atrioventricular dilation [11]; although, in another 
study on dogs with pre-capillary PH cardiac TnI did not correlate with PAP [76]. 
These confl icting results may be attributable to differences in patient population or 
underlying disease. Although elevations in cardiac TnI are signifi cantly and positively 
correlated with mean PAP and are associated with increased risk of  morbidity and 
mortality in human patients with PH [77], studies on the prognostic value of  this 
biomarker in dogs with PH are still lacking. This biomarker is considered useful in 
detecting myocardial damage in cardiac and extra-cardiac conditions [78–81] and may 
serve as a global measure of  adequacy of  RV adaptation to increased afterload more 
than as an index of  PH [77]. 

Natriuretic peptides

Atrial natriuretic peptide (ANP) and brain natriuretic peptide (BNP), are pro-
hormones involved in the control of  plasma volume and are released by the atrial or 
ventricular myocardium following an increased parietal stretch. Their amino-terminal 
part (e.g., NT-pro-BNP), which is more stable than the biologically active C-terminal 
portion, is detectable in the plasma [75]. NT-pro-BNP is the most studied cardiac 
biomarker in veterinary medicine and is useful to help differentiate dyspnea of  cardiac 
origin from non-cardiac origin in the dog [82,83]. Its plasma concentration is increased 
in dogs with pre-capillary PH and is signifi cantly associated with TR VMax and the 
severity of  PH [76]. Increases in ANP and NT-pro-BNP were also mildly correlated 
with PAP in a canine model of  acute PTE, but their diagnostic value was signifi cant 
only in the more severe cases with RV dilation or dysfunction [84]. NT-pro-BNP was 
also associated with PH in dogs with MMVD and its concentration decreased after 
pimobendan administration and associated improvement of  clinical condition [85]. 
However, the predictive value of  natriuretic peptides is considered low in dogs with 
PH and their increase can be considered a sign of  RV overloading instead of  PH itself  
[86]. 

Endothelin-1

Endothelin-1 plays an important role in the pathophysiology of  PH as it is a mediator of  
both hypoxic vasoconstriction and vascular remodelling [87]. Its plasma concentration 
is highly correlated with PAP and other pulmonary haemodynamic variables in human 
patients with heart failure [88]. In dogs with HWD, both pulmonary and cardiac 
production of  ET-1 was increased, and the plasma concentration of  ET-1 was higher 
compared to dogs with other cardiac diseases and healthy controls [89]. In another 
study, big-ET-1, a more stable precursor of  ET-1, was better correlated with TR VMax 
than NT-pro-BNP in dogs with cardiopulmonary diseases and was higher than in 
healthy dogs. Moreover, ET-1 was increased in dogs with varying malignancies [90]. 



Poser and Guglielmini: Pulmonary hypertension in the dog

15

For these reason, ET-1 may represent an effective clinical marker of  cardiopulmonary 
and neoplastic disease in dogs, but must be combined with other tests for a correct 
interpretation [90]. Endothelin-1 is not routinely performed in the clinical setting and 
a point-of-care test has not been validated in small animals at present [75]. 

C-reactive protein

C-reactive protein is an acute phase protein widely used as an infl ammatory marker. 
This biomarker was increased in dogs with mild to severe PH due to HWD or DCM 
and values higher than 6.8 mg/L have been recently proposed as a marker of  PH in 
dogs with HWD [91]. 

TREATMENT

The fi rst step in the management of  dogs with PH is the correct assessment and control 
of  the underlying causes of  increased PAP [10] such as heart failure, heartworm or 
lungworm disease and conditions predisposing to PTE. In many cases however, PH 
is an irreversible or progressive disease that contributes to clinical deterioration and 
needs to be treated specifi cally. 

Different drugs have been developed as pulmonary vasodilators and some of  them 
have been investigated in dogs with primary or secondary PH while others are currently 
employed only in humans. 

Inhibitors of  phosphodiesterase-5 (PDE-5) are potent pulmonary vasodilators acting 
through the increase of  intracellular cyclic guanosine monophosphate (cGMP) that 
consequently results in NO mediated vascular relaxation [92]. Sildenafi l is approved as 
a fi rst line treatment in humans with PH [3,4] and provides both haemodynamic and 
clinical improvement [93,94]. Use of  sildenafi l has been investigated in dogs with PH 
and amelioration of  clinical signs like cough or ascites [51], quality of  life [20,95] and 
exercise capacity [5,96] as well as improvement in haemodynamic parameters, were 
observed [20,51]. Sildenafi l is well tolerated in dogs and no [96,97], or only mild, side 
effects have been reported [20,51]. Tadalafi l, a long acting PDE-5 inhibitor approved 
for the treatment of  PH in humans [4] has also been investigated in dogs, and has been 
effective in both lowering the PAP without reducing systemic blood pressure and in 
relieving clinical signs [98,99]. 

Pimobendan is a calcium sensitizer and mixed vasodilator with phosphodiesterase-3 
(PDE-3) inhibiting activity. It is approved for the treatment of  heart failure in dogs 
with MMVD and DCM [44]. In one study it was effective in reducing TR velocity and 
NT-BNP in dogs with post-capillary PH, and this effect was maintained long term 
[85]. A possible explanation for this positive effect could be the increased expression 
of  PDE-3 and PDE-5 in PH which can infl uence vascular reactivity [100]. The 
effi cacy of  pimobendan in the treatment of  dogs with pre-capillary PH has not been 
investigated. 
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In recent years some positive effects on the clinical condition of  patients with PH 
have been obtained using tyrosine kinase inhibitors, and in particular imatinib, initially 
developed for anti-cancer therapy [101]. The mechanism of  action of  this drug is 
control of  the expression of  platelet-derived growth factor, a mediator associated with 
vascular remodelling and proliferation of  smooth muscle arterial cells, inappropriately 
overexpressed in PH patients [102]. Imatinib had a positive effect on clinical, laboratory 
and haemodynamic parameters in a preliminary study in dogs [103]. These results are 
promising, however further studies are warranted to further demonstrate effi cacy of  
this treatment.

High doses of  calcium channel blockers are effective as acute vasodilators in humans 
who positively respond to dynamic tests during RHC, but they do not provide adequate 
long term control of  PH [92]. 

Endothelin receptor antagonists bosentan, ambrisentan and sitaxentan reduce 
vasoconstriction and improve haemodynamic and clinical parameters in people with 
PH [101], even if  their effectiveness in post-capillary PH seems to be limited [94]. 
Bosentan could improve stroke volume and limit deterioration of  cardiac function in 
dogs with experimentally induced heart failure [104], but studies evaluating endothelin 
antagonists in veterinary medicine are still lacking. The high cost of  these drugs also 
represents a limitation towards their use in canine clinical practice. 

The prostacyclin analogue epoprosterenol, acts as a vasodilator and anti-proliferative 
drug in patients with PH [101]. Reports on the use of  this class of  vasodilators are 
not available in veterinary literature because of  their high cost and the need for 
administration via constant rate intravenous infusion. 

Other possible treatments for PH available in human medicine include lung or lung-
heart transplantation or atrial septostomy (i.e. artifi cial creation of  a right-to-left shunt 
to decompress the right heart) [92], but there are no reports about the use of  these 
techniques in dogs. Published treatment options for canine PH are summarized in 
Table 2.

CONCLUSION

In r ecent years many advances have been made in the understanding of  PH 
pathophysiology. In dogs, PH is often secondary to cardiopulmonary or systemic 
diseases, and it is associated with rapid worsening of  the clinical condition and a 
decreased life expectancy. Echocardiography still represents the most commonly 
employed method for the defi nitive diagnosis of  canine PH in the clinical setting 
but other diagnostic tests including thoracic radiography and laboratory tests are 
necessary for the complete evaluation of  affected dogs. Currently, the treatment of  the 
underlying disease, the management of  heart failure, and the use of  pimobendan and 
PDE-5 inhibitors seem to be a reasonable therapeutic approach to canine PH. Certain 
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newer drugs such as tyrosine kinase inhibitors may represent a valid therapeutic option 
for dogs in the future. 

Authors’ contributions

PH and GC have design the paper, selected reference for the presentation and wrote 
the manuscript. They take responsibilities for all aspects of  the work and accuracy of  
the quoted data in the manuscript.

Declaration of  confl icting interests

The author(s) declared no potential confl icts of  interest with respect to the research, 
authorship, and/or publication of  this article.

REFERENCES

1. Stepien RL: Pulmonary arterial hypertension secondary to chronic left-sided cardiac 
dysfunction in dogs. J Small Anim Pract 2009, 50-SUPPL 1:34–43.

2. Hoeper MM, Bogaard HJ, Condliffe R, Frantz R, Khanna D, Kurzyna M, Langleben 
D, Manes A, Satoh T, Torres F, Wilkins MR, Badesch DB: Defi nitions and diagnosis of  
pulmonary hypertension. J Am Coll Cardiol 2013, 62(25 SUPPL):D42–D50.

3. Galiè N, Hoeper MM, Humbert M, Torbicki A, Vachiery JL, Barbera JA, Beghetti M, Corris 
P, Gaine S, Gibbs JS, Gomez-Sanchez MA, Jondeau G, Klepetko W, Opitz C, Peacock A, 
Rubin L, Zellweger M, Simonneau G, Vahanian A, Auricchio A, Bax J, Ceconi C, Dean 
V, Filippatos G, Funck-Brentano C, Hobbs R, Kearney P, McDonagh T, McGregor K, 
Popescu BA, Reiner Z, Sechtem U, Sirnes PA, Tendera M, Vardas P, Widimsky P, Al Attar 
N, Andreotti F, Aschermann M, Asteggiano R, Benza R, Berger R, Bonnet D, Delcroix M, 
Howard L, Kitsiou AN, Lang I, Maggioni A, Nielsen-Kudsk JE, Park M, Perrone-Filardi P, 
Price S, Domenech MTS, Vonk-Noordegraaf  A, Zamorano JL: Guidelines for the diagnosis 
and treatment of  pulmonary hypertension. Eur Heart J 2009, 30:2493–2537.

4. Zamanian RT, Kudelko KT, Sung YK, De Jesus Perez V, Liu J, Spiekerkoetter E: Current 
clinical management of  pulmonary arterial hypertension. Circ Res 2014, 115:131–147.

5. Brown AJ, Davison E, Sleeper MM: Clinical effi cacy of  sildenafi l in treatment of  pulmonary 
arterial hypertension in dogs. J Vet Intern Med 2010, 24:850–854.

6. Hatano S, Strasser T: Primary pulmonary hypertension. WHO world Meet 1975,  1–43.
7. Simonneau G, Galiè N, Rubin LJ, Langleben D, Seeger W, Domenighetti G, Gibbs S, 

Lebrec D, Speich R, Beghetti M, Rich S, Fishman A: Clinical classifi cation of  pulmonary 
hypertension. J Am Coll Cardiol 2004, 43(SUPPL S):5-12.

8. Simonneau G, Gatzoulis MA, Adatia I, Celermajer D, Denton C, Ghofrani A, Gomez 
Sanchez MA, Krishna Kumar R, Landzberg M, Machado RF, Olschewski H, Robbins IM, 
Souza R: Updated clinical classifi cation of  pulmonary hypertension. J Am Coll Cardiol 2013, 
62(SUPPL D):34-41.

9. Pyle R, Abbott J, MacLean H: Pulmonary hypertension and cardiovascular sequelae in 54 
dogs. J Appl Res Vet Med 2004, 2:99–109.

10. Fleming E, Ettinger SJ: Pulmonary hypertension. Compendium 2006, October:720–731.



Acta Veterinaria-Beograd 2016, 66 (1), 1-25

20

11. Guglielmini C, Civitella C, Diana A, Di Tommaso M, Cipone M, Luciani A: Serum cardiac 
troponin I concentration in dogs with precapillary and postcapillary pulmonary hypertension. 
J Vet Intern Med 2010, 24:145–152.

12.  Zabka TS, Campbell FE, Wilson DW: Pulmonary arteriopathy and idiopathic pulmonary 
arterial hypertension in six dogs. Vet Pathol 2006, 43:510–522.

13. Glaus TM, Soldati G, Maurer R, Ehrensperger F: Clinical and pathological characterisation 
of  primary pulmonary hypertension in a dog. Vet Rec 2004, 154:786–789.

14. Johnson L, Boon J, Orton EC: Clinical characteristics of  53 dogs with Doppler-derived 
evidence of  pulmonary hypertension: 1992-1996. J Vet Intern Med 1999, 13:440–447.

15. Oyama MA, Sisson DD, Thomas WP, Bonagura JD: Congenital heart disease. In: Ettinger SJ, 
Feldman EC (eds), Textbook of  veterinary internal medicine, 7th ed., St. Louis, Minnesota, 
US: Saunders Elsevier; 2010, 1256–1271.

16.  Kolm US, Amberger CN, Boujon CE, Lombard CW: Plexogenic pulmonary arteriopathy in 
a Pembroke Welsh corgi. J Small Anim Pract 2004, 45:461–466.

17.  Russel DS, Scansen BA, Himmel L: Plexogenic pulmonary arteriopathy in a dog with 
ventricular septal defect and pulmonary hypertension. J Small Anim Pract 2015, 56:524-529.

18.  Van Israël N, French AT, Dukes-McEwan J, Welsh EM: Patent ductus arteriosus in the older 
dog. J Vet Cardiol 2003, 5:13–21.

19.  Kellihan HB, Stepien RL: Pulmonary hypertension in canine degenerative mitral valve 
disease. J Vet Cardiol 2012, 14:149–164.

20. Kellum HB, Stepien RL: Sildenafi l citrate therapy in 22 dogs with pulmonary hypertension. 
J Vet Intern Med 2007, 21:1258–1264.

21.  Chiavegato D, Borgarelli M, D’Agnolo G, Santilli RA: Pulmonary hypertension in dogs with 
mitral regurgitation attributable to myxomatous valve disease. Vet Radiol Ultrasound 2009, 
50:253–258.

22.  Serres FJ, Chetboul V, Tissier R, Carlos Sampedrano C, Gouni V, Nicolle AP, Pouchelon 
JL: Doppler echocardiography-derived evidence of  pulmonary arterial hypertension in dogs 
with degenerative mitral valve disease: 86 cases (2001-2005). J Am Vet Med Assoc 2006, 
229:1772–1778.

23.  Borgarelli M, Abbott J, Braz-Ruivo L, Chiavegato D, Crosara S, Lamb K, Ljungvall I, 
Poggi M, Santilli RA, Haggstrom J: Prevalence and prognostic importance of  pulmonary 
hypertension in dogs with myxomatous mitral valve disease. J Vet Intern Med 2015, 29:569–
574.

24.  Glaus TM, Hässig M, Baumgartner C, Reusch CE: Pulmonary hypertension induced in dogs 
by hypoxia at different high-altitude levels. Vet Res Commun 2003, 27:661–670.

25.  Locatelli C, Stefanello D, Riscazzi G, Borgonovo S, Comazzi S: Pulmonary hypertension 
associated with Ehrlichia canis infection in a dog. Vet Rec 2012, 170, 26:676–676.

26.  Johnson LR, Lappin MR, Baker DC. Pulmonary thromboembolism in 29 dogs: 1985-1995. 
J Vet Intern Med 1999, 13:338–345.

27.  Venco L, Mihaylova L, Boon JA: Right pulmonary artery distensibility index (RPAD Index). 
A fi eld study of  an echocardiographic method to detect early development of  pulmonary 
hypertension and its severity even in the absence of  regurgitant jets for Doppler evaluation 
in heartworm-infected dogs. Vet Parasitol 2014, 206:60–66.

28.  Borgeat K, Sudunagunta S, Kaye B, Stern J, Luis Fuentes V, Connolly DJ: Retrospective 
evaluation of  moderate-to-severe pulmonary hypertension in dogs naturally infected with 
Angiostrongylus vasorum. J Small Anim Pract 2015, 56:196–202.



Poser and Guglielmini: Pulmonary hypertension in the dog

21

29.  Matos JM, Schnyder M, Bektas R, Makara M, Kutter A, Jenni S, Deplazes P, Glaus T: 
Recruitment of  arteriovenous pulmonary shunts may attenuate the development of  
pulmonary hypertension in dogs experimentally infected with Angiostrongylus vasorum. J 
Vet Cardiol 2012, 14:313–322.

30.  Kramer L, Grandi G, Passeri B, Gianelli P, Genchi M, Dzimianski MT, Supakorndej P, 
Mansour AM, Supakorndej N, McCall SD, McCall JW: Evaluation of  lung pathology in 
Dirofi laria immitis-experimentally infected dogs treated with doxycycline or a combination 
of  doxycycline and ivermectin before administration of  melarsomine dihydrochloride. Vet 
Parasitol 2011, 176:357–360.

31.  Mavropoulou A, Gnudi G, Grandi G, Volta A, Kramer LH, Quintavalla C: Clinical 
assessment of  post-adulticide complications in Dirofi laria immitis-naturally infected dogs 
treated with doxycycline and ivermectin. Vet Parasitol 2014, 205:211–215.

32.  Venco L, McCall JW, Guerrero J, Genchi C: Effi cacy of  long-term monthly administration 
of  ivermectin on the progress of  naturally acquired heartworm infections in dogs. Vet 
Parasitol 2004, 124:259–268.

33.  Levick JR: Specialization in individual circulations. In Cardiovascular physiology, 5th ed. London, 
UK: Hodder Arnold; 2010, 300–306.

34.  Mercier E, Mathieu M, Charlotte F, Delvaux FH: Arterial pressure by use of  right ventricular 
Doppler imaging in healthy Beagles. Am J Vet Res 2010, 71:891–897.

35.  Klodell CT: Secondary pulmonary hypertension a review of  the cardiac causes. J Cardiovasc 
Nurs 2005, 20:119–123.

36.  Oswald GP, Orton EC: Patent ductus arteriosus and pulmonary hypertension in related 
Pembroke Welsh corgis. J Am Vet Med Assoc 1993, 202:761–764.

37.  Okubo S, Nakai M, Tomino T: Relevance of  location of  defect and pulmonary vascular 
resistance to the intracardiac pattern of  left-to-right shunt fl ow in dogs with experimental 
ventricular septal defect. Circulation 1986, 76:775–783. 

38.  Campbell FE: Cardiac effects of  pulmonary disease. Vet Clin North Am - Small Anim Pract 
2007, 37:949–962.

39.  West JB: Blood fl ow and metabolism. In: Respiratory physiology - the essentials, 9th ed. 
Philadelphia, US: Lippincott Williams and Wilkins, 2012, 36–54.

40.  Wauthy P, Pagnamenta A, Vassalli F, Naeije R, Brimioulle S: Right ventricular adaptation to 
pulmonary hypertension: an interspecies comparison. Am J Physiol Heart Circ Physiol 2004, 
286:H1441–H1447.

41.  Vassalli F, Pierre S, Julien V, Bouckaert Y, Brimioulle S, Naeije R: Inhibition of  hypoxic 
pulmonary vasoconstriction by carbon monoxide in dogs. Crit Care Med 2001, 29:359–366.

42.  Naeije R: Physiology of  the pulmonary circulation and the right heart. Curr Hypertens Rep 
2013, 15:623–631.

43.  Helm JR, Morgan ER, Jackson MW, Wotton P, Bell R: Canine angiostrongylosis: An 
emerging disease in Europe. J Vet Emerg Crit Care 2010, 20:98–109.

44.  Boyle KL, Leech E: A review of  the pharmacology and clinical uses of  pimobendan. J Vet 
Emerg Crit Care 2012, 22:398–408.

45.  Budhiraja R, Tuder RM, Hassoun PM: Endothelial dysfunction in pulmonary hypertension. 
Circulation 2004, 109:159–165.

46.  Voelkel NF, Gomez-Arroyo J, Abbate A, Bogaard HJ: Pathobiology of  pulmonary arterial 
hypertension and right ventricular failure. Eur J Heart Fail 2012, 29:997–1003.



Acta Veterinaria-Beograd 2016, 66 (1), 1-25

22

47.  Kim H, Yung GL, Marsh JJ, Konopka RG, Pedersen CA, Chiles PG, Morris TA, Channick 
RN: Endothelin mediates pulmonary vascular remodelling in a canine model of  chronic 
embolic pulmonary hypertension. Eur Respir J 2000, 15:640–648.

48.  Moraes DL, Colucci WS: Secondary pulmonary hypertension in chronic heart failure. The 
role of  the endothelium in pathophysiology and management. Circulation 2000, 102:1718–
1723.

49.  Gaynor SL, Maniar HS, Bloch JB, Steendijk P, Moon MR: Right atrial and ventricular 
adaptation to chronic right ventricular pressure overload. Circulation 2005, 112:212–218.

50.  Chen EP, Akhter SA, Bittner HB, Koch WJ, Davis RD, Van Trigt P: Molecular and functional 
mechanisms of  right ventricular adaptation in chronic pulmonary hypertension. Ann Thorac 
Surg 1999, 67:1053–1058.

51.  Bach JF, Rozanski EA, MacGregor J, Betkowski JM, Rush JE: Retrospective evaluation of  
sildenafi l citrate as a therapy for pulmonary hypertension in dogs. J Vet Intern Med 2006, 
20:1132–1135.

52.  Ohad DG, Lenchner I, Bdolah-Abram T, Segev G: A loud right-apical systolic murmur is 
associated with the diagnosis of  secondary pulmonary arterial hypertension: retrospective 
analysis of  data from 201 consecutive client-owned dogs (2006-2007). Vet J 2013, 198:690–
695.

53.  Johnson L: Diagnosis of  pulmonary hypertension. Clin Tech Small Anim Pract  1999, 
14:231–236.

54.  Mikawa S, Miyagawa Y, Toda N, Tominaga Y, Takemura N: Predictive model for the detection 
of  pulmonary hypertension in dogs with myxomatous mitral valve disease. J Vet Med Sci 
2015, 77:7–13.

55.  Le Roux A, Rademacher N, Saelinger C, Rodriguez D, Pariaut R, Gaschen L: Value of  
tracheal bifurcation angle measurement as a radiographic sign of  left atrial enlargement in 
dogs. Vet Radio Ultrasound 2012, 53:28–33.

56.  Diana A, Guglielmini C, Pivetta M, Sanacore A, Di Tommaso M, Lord PF, Cipone M: 
Radiographic features of  cardiogenic pulmonary edema in dogs with mitral regurgitation: 
61 cases (1998-2007). J Am Vet Med Assoc 2009, 235:1058–1063.

57.  Carlsson C, Häggström J, Eriksson A, Järvinen AK, Kvart C, Lord P: Size and shape of  right 
heart chambers in mitral valve regurgitation in small-breed dogs. J Vet Intern Med 2009, 
23:1007–1013.

58.  Lewczuk J, Ajlan AW, Piszko P, Jagas J, Mikulewicz M, Wrabec K: Electrocardiographic 
signs of  right ventricular overload in patients who underwent pulmonary embolism event(s). 
Are they useful in diagnosis of  chronic thromboembolic pulmonary hypertension? J 
Electrocardiol 2004, 37:219–225.

59.  Demerouti EA, Manginas AN, Athanassopoulos GD, Karatasakis GT: Complications 
leading to sudden cardiac death in pulmonary arterial hypertension. Respir Care 2013, 
58:1246–1254.

60.  Boon J: Pulmonary hypertension. In: Veterinary echocardiography, 2nd Ed. Chichester, West 
Sussex, UK: J. W. & Sons, Inc ; 2011, 436–456.

61.  D’Alto M, Romeo E, Argiento P, Pavelescu A, Mélot C, D’Andrea A, Correra A, Bossone E, 
Calabrò R, Russo MG, Naeije :. Echocardiographic prediction of  pre- versus postcapillary 
pulmonary hypertension. J Am Soc Echocardiogr 2015, 28:108–115.

62.  Kaul S, Tei C, Hopkins JM, Shah PM: Assessment of  right ventricular function using two-
dimensional echocardiography. Am Heart J 1984, 107:526–531.

63.  Guazzi M, Bandiera F, Pelissero G, Castelvecchio S, Menicanti L, Temporelli PL, Arena 
R: Tricuspid annular plane systolic excursion and pulmonary arterial systolic pressure 



Poser and Guglielmini: Pulmonary hypertension in the dog

23

relationship in heart failure: an index of  right ventricular contractile function and prognosis. 
Am J Physio Heart Circ Physiol 2013, 305:H1373–H1381.

64.  Pariaut R, Saelinger C, Strickland KN, Beaufrère H, Reynolds CA, Vila J: Tricuspid annular 
plane systolic excursion (TAPSE) in dogs: reference values and impact of  pulmonary 
hypertension. J Vet Intern Med 2012, 26:1148–1154.

65.  Rudski LG, Lai WW, Afi lalo J, Hua L, Handschumacher MD, Chandrasekaran K, Solomon 
SD, Louie EK, Schiller NB: Guidelines for the echocardiographic assessment of  the right 
heart in adults: a report from the American Society of  Echocardiography endorsed by the 
European Association of  Echocardiography, a registered branch of  the European Society 
of  Cardiology, and the Canadian Society of  Echocardiography. J Am Soc Echocardiogr 
2010, 23:685–713.

66.  Berger M, Haimowitz A, Van Tosh A, Berdoff  RL, Goldberg E: Quantitative assessment 
of  pulmonary hypertension in patients with tricuspid regurgitation using continuous wave 
Doppler ultrasound. J Am Col Cardiol 1985, 6:359–365.

67. Soydan LC, Kellihan HB, Bates ML, Stepien RL, Consigny DW, Bellofi ore A, Francois 
CJ, Chesler NC: Accuracy of  Doppler echocardiographic estimates of  pulmonary artery 
pressures in a canine model of  pulmonary hypertension. J Vet Cardiol 2015, 17:13-24.

68.  Uehara Y: An attempt to estimate the pulmonary artery pressure in dogs by means of  pulsed 
Doppler echocardiography. J Vet Med Sci 1993, 55:307–312.

69.  Schober KE, Baade H: Doppler echocardiographic prediction of  pulmonary hypertension 
in West Highland white terriers with chronic pulmonary disease. J Vet Intern Med 2006, 
20:912–920.

70. Tei C, Dujardin KS, Hodge DO, Bailey KR, McGoon MD, Tajik AJ, Seward SB: Doppler 
echocardiographic index for assessment of  global right ventricular function. J Am Soc 
Echocardiogr 1996, 9:838–847.

71. Baumwart RD, Meurs KM, Bonagura JD: Tei index of  myocardial performance applied to 
the right ventricle in normal dogs. J Vet Intern Med 2005, 19:828–832.

72.  Serres F, Chetboul V, Gouni V, Tissier R, Sampedrano CC, Pouchelon JL: Diagnostic value 
of  echo-Doppler and tissue Doppler imaging in dogs with pulmonary arterial hypertension. 
J Vet Intern Med 2007, 21:1280–1289.

73.  Boissiere J, Gautier M, Machet MC, Hanton G, Bonnet P, Eder V: Doppler tissue imaging 
in assessment of  pulmonary hypertension-induced right ventricle dysfunction. Am J Physiol 
Heart Circ Physiol 2005, 289:H2450–H2455.

74. McLean AS, Ting I, Huang SJ, Wesley S: The use of  the right ventricular diameter and 
tricuspid annular tissue Doppler velocity parameter to predict the presence of  pulmonary 
hypertension. Eur J Echocardiogr 2007, 8:128–136.

75. Smith KF, Quinn RL, Rahilly LJ: Biomarkers for differentiation of  causes of  respiratory 
distress in dogs and cats: Part 1 - Cardiac diseases and pulmonary hypertension. J Vet Emerg 
Crit Care 2015, 25:311–329.

76.  Kellihan HB, MacKie BA, Stepien RL: NT-proBNP, NT-proANP and cTnI concentrations 
in dogs with pre-capillary pulmonary hypertension. J Vet Cardiol 2011, 13:171–182.

77.  Vélez-Martínez M, Ayers C, Mishkin JD, Bartolome SB, García CK, Torres F, Drazner MH, 
De Lemos JA, Turer AT, Chin KM: Association of  cardiac troponin I with disease severity 
and outcomes in patients with pulmonary hypertension. Am J Cardiol 2013, 111:1812–1817.

78. Mehta NJ, Jani K, Khan IA: Clinical usefulness and prognostic value of  elevated cardiac 
troponin I levels in acute pulmonary embolism. Am Heart J 2003, 145:821–825.



Acta Veterinaria-Beograd 2016, 66 (1), 1-25

24

79. Hamacher L, Dorfelt R, Muller M, Wess G: Serum cardiac Troponin I concentrations in dogs 
with systemic infl ammatory response syndrome. J Vet Emerg Crit Care 2015, 29:164–170.

80.  Polizopoulou ZS, Koutinas CK, Dasopoulou A, Patsikas M, York M, Roman I, Gandhi M, 
Patel S, Koutinas AF, O’Brien PJ: Serial analysis of  serum cardiac troponin I changes and 
correlation with clinical fi ndings in 46 dogs with mitral valve disease. Vet Clin Pathol 2014, 
43:218–225.

81.  Carretón E, Morchón R, Simón F, Juste MC, Méndez JC, Montoya-Alonso JA: 
Cardiopulmonary and infl ammatory biomarkers in the assessment of  the severity of  canine 
dirofi lariosis. Vet Parasitol 2014, 206:43–47.

82.  Boswood A, Dukes-McEwan J, Loureiro J, James RA, Martin M, Stafford-Johnson M, 
Smith P, Little C, Attree S: The diagnostic accuracy of  different natriuretic peptides in the 
investigation of  canine cardiac disease. J Small Anim Pract 2008, 49:26–32.

83.  Oyama MA, Rush JE, Rozanski EA, Fox PR, Reynolds CA, Gordon SG, Bulmer BJ, Lefbom 
BK, Brown BA, Lehmkuhl LB, Prosek R, Lesser MB, Kraus MS, Bossbaly MJ, Rapoport GS, 
Boileau JS: Assessment of  serum N-terminal pro-B-type natriuretic peptide concentration 
for differentiation of  congestive heart failure from primary respiratory tract disease as the 
cause of  respiratory signs in dogs. J Am Vet Med Assoc 2009, 235:1319–1325.

84. Hori Y, Uchide T, Saitoh R, Thoei D, Uchida M, Yoshioka K, Chikazawa S, Hoshi F: 
Diagnostic utility of  NT-proBNP and ANP in a canine model of  chronic embolic pulmonary 
hypertension. Vet J 2012, 194:215–221.

85. Atkinson KJ, Fine DM, Thombs LA, Gorelick JJ, Durham HE: Evaluation of  pimobendan 
and N-terminal probrain natriuretic peptide in the treatment of  pulmonary hypertension 
secondary to degenerative mitral valve disease in dogs. J Vet Intern Med 2009, 23:1190–1196.

86.  Hori Y, Tsubaki M, Katou A, Ono Y, Yonezawa T, Li X, Higuchi SI: Evaluation of  NT-
oro BNP and CT-ANP as markers of  concentric hypertrophy in dogs with a model of  
compensated aortic stenosis. J Vet Intern Med 2008, 22:1118–1123.

87. Chen YF, Oparil S: Endothelin and pulmonary hypertension. J Cardiovasc Pharmacol 2000, 
35:S49–S53.

88.  Cody RJ, Haas GJ, Binkley PF, Capers Q, Kelley R: Plasma endothelin correlates with 
the extent of  pulmonary hypertension in patients with chronic congestive heart failure. 
Circulation 1992, 85:504–509.

89.  Uchide T, Saida K: Elevated Endothelin-1 expression in dogs with heartworm disease. J Vet 
Med Sci 2005, 67:1155–1161.

90.  Fukumoto S, Hanazono K, Miyasho T, Endo Y, Kadosawa T, Iwano H, Uchide T: Serum big 
endothelin-1 as a clinical marker for cardiopulmonary and neoplastic diseases in dogs. Life 
Sci 2014, 118:329–32.

91. Venco L, Bertazzolo W, Giordano G, Paltrinieri S: Evaluation of  C-reactive protein as a 
clinical biomarker in naturally heartworm-infected dogs: A fi eld study. Vet Parasitol 2014, 
206:48–54.

92.  McLaughlin VV, Shah SJ, Souza R, Humbert M: Management of  pulmonary arterial 
hypertension. J Am Coll Cardiol 2015, 65:1976–1997.

93.  Michelakis E, Tymchak W, Lien D, Webster L, Hashimoto K, Archer S: Oral sildenafi l is an 
effective and specifi c pulmonary vasodilator in patients with pulmonary arterial hypertension: 
Comparison with inhaled nitric oxide. Circulation 2002, 105:2398–2403.

94.  Hansdottir S, Groskreutz DJ, Gehlbach BK: WHO’s in second? A practical review of  World 
Health Organization group 2 pulmonary hypertension. Chest 2013, 144:2638–650.



Poser and Guglielmini: Pulmonary hypertension in the dog

25

95.  Brown AJ, Davison E, Sleeper MM: Clinical effi cacy of  sildenafi l in treatment of  pulmonary 
arterial hypertension in dogs. J Vet Intern Med 2010, 24:850–854.

96.  Toyoshima Y, Kanemoto I, Arai S, Toyoshima: A case of  long-term sildenafi l therapy in a 
young dog with pulmonary hypertension. J Vet Med Sci 2007, 69:1073–1075.

97.  Nakamura K, Yamasaki M, Ohta H, Sasaki N, Murakami M, Bandula Kumara WR, Takiguchi 
M: Effects of  sildenafi l citrate on fi ve dogs with Eisenmenger’s syndrome. J Small Anim 
Pract 2011, 52:595–598.

98.  Hori Y, Kondo C, Matsui M, Yamagishi M, Okano S, Chikazawa S, Kanai K, Hoshi F, Itoh 
N: Effect of  the phosphodiesterase type 5 inhibitor tadalafi l on pulmonary hemodynamics 
in a canine model of  pulmonary hypertension. Vet J, 202:334–339.

99.  Serres F, Nicolle AP, Tissier R, Gouni V, Pouchelon JL, Chetboul V: Effi cacy of  oral 
tadalafi l, a new long-acting phosphodiesterase-5 inhibitor, for the short-term treatment of  
pulmonary arterial hypertension in a dog. J Vet Med Ser A Physiol Pathol Clin Med 2006, 
53:129–133.

100. Murray F, MacLean MR, Pyne NJ: Increased expression of  the cGMP-inhibited cAMP-
specifi c (PDE3) and cGMP binding cGMP-specifi c (PDE5) phosphodiesterases in models 
of  pulmonary hypertension. Br J Pharmacol 2002, 137:1187–1194.

101. Baliga RS, MacAllister RJ, Hobbs AJ: New perspectives for the treatment of  pulmonary 
hypertension. Br J Pharmacol 2011, 63:125–140.

102.  Perros F, Montani D, Dorfmüller P, Durand-Gasselin I, Tcherakian C, Le Pavec J, 
Mazmanian M, Fadel E, Mussot S, Mercier O, Hervé P, Emilie D, Eddahibi S, Simonneau G, 
Souza R, Humbert M: Platelet-derived growth factor expression and function in idiopathic 
pulmonary arterial hypertension. Am J Respir Crit Care Med 2008, 178:81–88.

103.  Arita S, Arita N, Hikasa Y: Therapeutic effect of  low-dose imatinib on pulmonary arterial 
hypertension in dogs. Can Vet J 2013, 54:255–61.

104.  Choussat R, Hittinger L, Barbe F, Maistre G, Carayon A, Crozatier B, Su J: Acute effects 
of  an endothelin-1 receptor antagonist bosentan at different stages of  heart failure in 
conscious dogs. Cardiovasc Res 1998, 39:580–588. 

PLUĆNA HIPERTENZIJA PASA

POSER Helen, GUGLIELMINI Carlo

Plućna  hipertenzija pasa je kliničko stanje koje zahteva adekvatno ispitivanje i 
dijagnostiku s obzirom da ne postoje jasni i specifi čni klinički simptomi što može 
da uslovi brzi nastanak ireverzibilnih promena, oštećenje vaskularnog sistema pluća 
i razvoj slabosti desnog srca. U poslednjih nekoliko godina, objavljeno je više radova 
koji se odnose na plućnu hipertenziju, čime je u velikoj meri unapređeno razumevanje 
patofi zioloških karakteristika ovog poremećaja, tačnost dijagnostičkih testova i 
tretman pacijenata. U radu se navode najnovija saznanja o hipertenziji pluća pri čemu 
je cilj teksta da se veterinari bolje upoznaju sa interpretacijom rezultata dijagnostičkih 
testova kao i sa kliničkim tretmanom obolelih pasa. 


