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100x: visualization increased by 100
2D: Bidimensional
2D-mode: Bidimensional mode
2D-STE: Bidimensional speckle tracking echo-
cardiography
A´: E´: Tissue Doppler peak A´ to peak E´ ratio
A´: Tissue Doppler end diastolic peak
ACVIM: American college of veterinary inter-
nal medicine
AHWS: American society of heartworm 
disease
ANOVA: Analysis of Variance
Ao: Aorta
AT: Acceleration time
CI 95%: Confidence interval of 95%
CO2: Carbon dioxide
CHF: Congestive heart failure
CT: Computed axial tomography
D. immitis: Dirofilaria immitis
DNA: Deoxyribonucleic acid
E: Early diastolic transmitral doppler peak
ECG: Electrocardiogram
E´: Tissue Doppler early diastolic peak
ESDA: European society of dirofilariosis and 
angiostrongilosis
ET: Ejection time
FWS: Free wall strain
Global-TDI: Global TDI index of myocardial 
function
GS: Global strain
HRI: Heart rate indexed
HR: Heart rate
IVCT: Isovolumetric contraction time
IVRT: Isovolumetric relaxation time
Kg: Kilograms
LA: Left atrium
L1: Larvae phase 1
L3: Larvae phase 3
LV: Left ventricle
MHz: Megahertz
MDR1: P-glycoprotein coding gene
m: Meters
mm: Milimeters
mmHg: Milimeters of mercury
ml: Mililiters

PA: Pulmonary artery
PAmax: Maximum diameter of pulmonary 
artery
PAmin: Minimum diameter of pulmonary 
artery
PCR: Polymerase chain reaction
PCG: Phonogram
PH: Pulmonary hypertension
PRPG: Pulmonary regurgitation pressure 
gradient
PT: Pulmonary trunk
PVC: Peak ventricular contraction
PV: Pulmonary vein
PVmax: Maximum diameter of pulmonary 
vein
PVmin: Minimum diameter of pulmonary vein
RA: Right atrium
ROC: Receiver operating characteristic
RPADi: Right pulmonary artery distensibility 
index
R-CHF: Right congestive heart failure
R-TEI: Right myocardial performance index
RV: Right ventricle
RV AFI: Right ventricle automatic functional 
imaging
s: Seconds
S: Tissue Doppler systolic peak
S1: First cardiac sound
S2: Second cardiac sound
SC: Circumferential strain
Sen: Sensibility
SL: Longitudinal strain
Sp: Specificity
SR: Radial strain
TAPSE: Tricuspid annular plane systolic 
excursion
TDI: Tissue Doppler imaging
TMAD: Tissue motion annular displacement
TRPG: Tricuspid regurgitation pressure gra-
dient
TRV: Tricuspid regurgitation velocity
x-axis: Abscissa or horizontal axis
y-axis: Ordinate or vertical axis
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2.1. 
Canine Cardiopulmonary 
Dirofilariosis

A. Etiology
Dirofilaria immitis (Leidy, 1856) is a parasite belonging to the phylum Nematida, 
class Secernentea, order Spirurida, suborder Spirurina, superfamily Filaroidea, 
family Onchocercidae (Bowman & Atkins, 2009). The Dirofilaria genus consists 
of thin and elongated parasites, whitish in color. D. immitis is the largest species 
among the filarids of medical and veterinary importance. Females are 250 to 
310 mm long and 1.0 to 1.3 mm wide. Males are 120 to 200 mm long and 0.7 to 
0.9 mm wide. The anterior end is rounded and blunt, with a rudimentary buccal 
capsule without lips, but with small cephalic papillae and an esophagus that is 
differentiated into a muscular and glandular region (McCall et al., 2008). The 
caudal ends of males are conical and spirally coiled, and they also have five 
pairs of preanal papillae and six pairs of postanal papillae. While females have 
rounded caudal ends with the vulvar opening located behind the junction of the 
esophagus and intestine, about 2.7 mm from the anterior end. In all Dirofilaria 
species the spicules are of unequal length and are often used as diagnostic 
characters. They do not have a gubernaculum (Simón et al., 2009) (Figure 1).

*Figure 1. Macroscopic visualization of two 
adult Dirofilaria immitis parasites, a female in-
dividual on the left and a male individual on the 
right. Parasites obtained from the necropsy of 
an infected dog.

This nematode is responsible for 
cardiopulmonary heartworm disease, 
a process colloquially known as 
“heartworm disease”, the definitive 
hosts being mammals, mainly carnivores. 
Its presence has been confirmed in 
domestic canids, as well as wild species 
(wolves, foxes, coyotes, dingoes, etc.), 
domestic and wild felines, mustelids, 
sea lions, rodents, ungulates, even non-
human primates and humans (Strickland, 
1998; Sasai, 2000; Simón et al., 2005; 
Liesner et al., 2016; Smith et al., 2022). 
However, dogs and other canids are the 
natural hosts in which the parasite load 
found has been greater, and they act as 
the main reservoir (Hidaka et al., 2003).

* Own property image
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Members of the genus Dirofilaria require an arthropod intermediate host to 
complete their life cycle. D. immitis is transmitted by mosquitoes of the Family 
Culicidae. Several authors have pointed out the genera Aedes, Culex, Culiseta, 
Anopheles, Mansonia, Coquillettidia and Psorophora as competent intermediate 
hosts capable of developing the different larval stages until the infective phase 
(Simón et al., 2012). The biological cycle of the parasite begins when the adult 
parasite reproduces and releases microfilariae (L1) into the bloodstream of the 
definitive host. To mature, it needs the intermediate host to feed on the definitive 
host and ingest the L1. In the mosquito, two maturations develop until the third 
larval stage (L3) in the Malpighian tubules of the mosquitoes. Subsequently, 
when the mosquito feeds on a new host, L3 infects it and reaches sexual maturity 
in the next 6 months (Montoya & Carretón, 2012).

Cardiopulmonary dirofilariosis involves the symbiosis between D. immitis and the 
bacteria Wolbachia pipientis (Manoj et al., 2021). This is a gram-negative bacteria, 
belonging to the group of intercellular Rickettsiae. It is present in all stages of 
the nematode life cycle, supplying the parasite with essential metabolites during 
evolution and embryonic development, and D. immitis in turn guarantees the 
survival and transmission of the bacteria (Santhakumari et al., 2021).

B. Epidemiology
Cardiopulmonary heartworm disease is a cosmopolitan disease with worldwide 
distribution (Anvari et al., 2020). The highest prevalences are found in areas 
where temperature and humidity remain high for at least part of the year, so these 
environmental conditions favor the development and maintenance of mosquito 
vector populations (Chikwetoa et al., 2014; Borthakur et al., 2015). Therefore, in 
warmer areas transmission occurs throughout the year, while in colder areas the 
transmission period is reduced to a few months per year (Evanson et al., 2019). 
Its presence and transmission requires, in addition to intermediate hosts, climatic 
factors that maintain adequate temperature and humidity for mosquitoes to 
develop, and so that the ingested microfilariae can complete their larval phase 
until they become the infecting form (Davood et al., 2020). In summary, the 
prevalence is very different in the regions of the world, depending on various 
epidemiological factors such as the distribution of transmitting mosquitoes, their 
fertility and population density, the living conditions and behavior of the hosts, 
and environmental temperature, among others (Cancrini & Kramer, 2001).
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Due to the increase in global temperature and the consequent increase in vectors, 
the disease is in a process of global expansion, with a significant percentage of 
dogs affected in the world: 10.91% (Wang et al., 2016; Levy et al., 2017; Wang 
et al., 2018; Anvari et al., 2020; Silva et al., 2020; Genchi & Kramer, 2020). In 
Europe there is a global prevalence of 10.45%, the highest prevalence is found 
mainly in mediterranean and southern countries (Portugal, Spain, France, Italy 
and Greece), where the disease is endemic (Morchón et al., 2012; Maia et al., 
2015; Piantedosi et al., 2017; Figueredo et al., 2017; Pérez et al., 2021; Morchón 
et al., 2022). In addition, heartworm is known to be spreading to non-endemic 
areas of northern and northeastern Europe. Most cases involve dogs that have 
traveled to endemic areas, but there are cases, such as in England, Switzerland, 
Austria, Poland, the Netherlands and Denmark, where indigenous cases of 
heartworm disease have been reported (Pekacz et al., 2022; Alvarez et al., 2023; 
Wright et al., 2023).

In Spain the prevalence is 6.25%, the highest prevalence is found in the Canary 
Islands, the south of the Iberian Peninsula, in regions near the mediterranean 
sea, and in irrigated areas and near large rivers (such as the banks of the Tormes 
River or the Ebro Delta) (Montoya et al., 2015; Montoya et al., 2017; Montoya et 
al., 2020; Villanueva et al., 2021; Montoya et al., 2022). Furthermore, prevalence 
data have recently been reported in the north of the Iberian Peninsula, which 
confirms the expansion of the disease throughout the Spanish territory (Diosdado 
et al., 2017; Diaz et al., 2020; Montoya et al., 2022; Villanueva et al., 2022).

In the Canary Islands the prevalence is 9.97%, but it is not uniform, being higher 
in Tenerife with 22.5%, followed by Gran Canaria with 20.7%. There are also 
high prevalence on islands such as La Palma with 15.7% and La Gomera with 
16.3%. The incidence is much lower in Fuerteventura with 1.8% in dogs and is 
absent in El Hierro and Lanzarote (Carretón et al., 2016; Montoya et al., 2016). 
The prevalence is also not uniform within each island, due to the great variety 
of climates and demographic factors; it is higher in steppe and temperate 
climates where humidity is provided by trade winds, rain or the presence of water 
reservoirs. It is also high in coastal areas, which provide an ideal climate for the 
parasite and are often home to the islands’ largest cities. The prevalence is much 
lower in areas with dry and desert climates (Montoya et al., 2016; Morchón et al., 
2023).
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C. Clinical signs
Clinical signs are mainly the result of vascular lesions, alterations in cardiac and 
pulmonary blood flow, and increased pulmonary arterial pressure (Carretón et al., 
2020). D. immitis has a usually chronic presentation, with most dogs showing no 
symptoms for months or years. This depends, to a large extent, on the parasite 
load, the immune reaction of each individual and the physical exercise performed 
(Digangi et al., 2017). The symptoms are rooted in the extent of the lung disease 
and the specific effects of cardiovascular damage; these lesions include an 
increase in the afterload of the right ventricle (RV) due to progressive damage to 
the pulmonary artery (PA) and the lung parenchyma. Mild cases present with few 
or no associated clinical signs and are diagnosed incidentally. The first symptoms 
include mild cough and exercise intolerance, hyporexia may also occur (Romano 
et al., 2020).

Moderate cases present with chronic cough, weight loss and poor body condition. 
The mucous membranes may appear pale due to poor peripheral perfusion due 
to low cardiac output and concomitant anemia associated with metabolic stress 
and hemolysis caused by an increase in erythrocyte fragility. Mucosal paleness 
may increase after physical activity, due to low pulmonary arterial perfusion 
capacity. An increase in intensity in the first heart sound (S1) may be reported 
during cardiac auscultation in the right hemithorax of the animal and the presence 
of a mild holosystolic murmur (tricuspid valve regurgitation). Lung auscultation is 
generally normal, although slight crackles, wheezing, and bronchial snoring may 
be detected (Spasojevic-Kosic & Lalosevic, 2020).

Severe cases usually manifest with tachypnea and tachycardia, the animal being 
intolerant to physical activity, sometimes presenting syncope even with mild 
exercise. Dyspnea during exercise is evident and the presence of a restrictive 
respiratory pattern with rapid and shallow respirations is a reflection of the extent 
of pulmonary arterial damage. The mucous membranes appear pale, cold and 
dry to the touch, caused by decreased peripheral blood perfusion and anemia. 
Cardiac arrhythmias are rare, occurring in only less than 10% of patients reported 
with chronic disease. Pulmonary auscultation normally reveals crepitations over 
the caudal lobes, and at cardiac level an obvious murmur can be heard in the 
projection area of the pulmonary and tricuspid valve, with frequent splitting of 
second heart sound (S2). When right congestive heart failure (CHF) is established, 
ascites and limb edema can be seen (Yoon et al., 2013; Ames & Atkins, 2020). 
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Cardiorespiratory shock may be reported due to the presence of pleural or 
pericardial effusion, in addition to the phenomenon of cardiac tamponade, 
anorexia, weight loss and dehydration. Sudden death is rare and usually occurs 
after respiratory failure or atrial fibrillation (Arita et al., 2003).

D. Diagnostic methods
Heartworm infection can be diagnosed by assessing the presence of circulating 
antigens in the blood, serum, or plasma. Enzyme-linked immunosorbent assay 
serological tests/technique and commercial immunochromatography kits are 
considered the “gold standard” techniques for diagnosing the disease. These 
are very specific and sensitive tests to detect parasitization in dogs (98-100%). 
Circulating antigens are detectable around 6 to 7 months after infection, so there 
will be no reason to test in puppies younger than 6 months or when a canine has 
received preventative treatment on a regular basis (Bolio-Gonzalez et al., 2007; 
DiGangi et al., 2017; Constantinoiu et al., 2023; Das et al., 2023).

The presence of D. immitis adults can also be diagnosed by microscopically 
examining the blood for the presence of microfilariae. Tests for the determination 
of the presence of microfilaremia validate the serological results, diagnose cases 
without antigens detected in the antigen tests due to antigen-antibody complexes, 
also identify reservoir patients of the infection and alert the veterinarian of a high 
burden of microfilariae (Adebayo et al., 2020). There are various techniques, 
among which the “Thick drop” or blood smear visualization stands out. It is a 
simple test that consists of spreading a drop of blood on a slide and observing it 
under the microscope without resorting to the use of staining or concentration of 
the sample. Detects approximately 75% of positive cases that are microfilaremic. 
In this technique it is possible to visualize the movement of the larvae, but it is not 
an effective technique to morphologically differentiate between the microfilariae 
of the different genera of Filaridae that affect the dog (Kitagawa et al., 1997; 
Hidaya et al., 2003).

The Knott technique has the advantage that in addition to being more reliable for 
detecting positive cases, it is the preferred technique to morphologically identify 
larvae and differentiate D. immitis from other filarids. It consists of generating the 
lysis of blood cells by adding formalin, then centrifuging the sample and staining 
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*Figure 2. Microscopic visualization of a 
microfilariae (larval phase 1) by performing 
the Knott technique. Blood sample from a 
parasitized dog in the island of Gran Canaria.

it with methylene blue. Finally, a drop 
of the preparation is placed between 
a slide and a coverslip to view under 
the microscope at 100x magnification 
(Figure 2). Similarly, the filter technique 
is also an available technique, the 
effectiveness of which is similar to the 
Knott test. This technique consists of 
passing a solution of 1 ml of blood with 
anticoagulant, with 10 ml of a lysing 
solution, through a membrane with 
pores 5 microns in diameter. Because 
the diameter of the microfilariae ranges 
between 6 and 7 microns, they do not 
pass through the pores, being retained 
in the filter membrane. This membrane 
together with the retained content is 

transferred to a slide and stained with methylene blue. A cover is placed and 
observed microscopically at 100x magnification (Venco et al., 2001; Lane et al., 
2021).

Animals can be amicrofilaremic due to: prior administration of preventive drugs 
(macrocyclic lactones), single-sex infections, prepatent infections, and also 
immune-mediated destruction of microfilariae. Up to 20% of dogs infected 
with adult worms can be amicrofilaremic, so a negative microfilariae test is not 
enough to rule out an infection; these tests must be accompanied by an antigen 
test. If using any of the tests described above, microfilariae are identified, and 
according to their morphology correspond to D. immitis, it is considered a 
definitive diagnosis of infection, since the specificity (Sp) is 100%. It should be 
noted that the intensity of microfilaremia does not correlate with the load of 
adult parasites, so it cannot be related to the severity of the disease (Montoya & 
Carretón, 2012; Simón et al., 2012).

When the identification of microfilariae does not provide a precise diagnosis, they 
can be defined by histochemical staining of anatomical regions with the alkaline 
phosphatase technique (D. immitis microfilariae present two zones of phosphatase 
activity near the anal and excretory pores) and by amplification of microfilariae 
DNA by PCR (McCall et al., 2008; Pekacz et al., 2022; Constantinoiu et al., 2023).

* Own property image
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The echocardiographic examination constitutes an alternative tool in the diagnosis 
of cardiopulmonary heartworm disease. Through ultrasound observation of 
cardiovascular structures, the presence of findings compatible with the presence 
of adult worms can be determined. The areas of inspection are the right and left 
PA, the main PA, and the right heart chambers. The presence of adult parasites 
is reported with the persistence of two parallel hyperechoic lines (constituting 
an “equal sign”) (Cavaliere et al., 2017). Multiple views and echocardiographic 
modalities can be used to determine parasitization, constituting an essential 
tool in the case of obtaining a doubtful or suspicious result in the determination 
of antigens or microfilaremia (Maerz, 2020). However, echocardiography has 
important drawbacks in its use as a diagnostic method; It presents a high degree 
of specialization, it is a test highly dependent on the operator’s experience, and 
it is also a technique that entails high economic costs compared to other more 
routine diagnostic methods (Chetboul & Tissier, 2012; Keene et al., 2019; Kim et 
al., 2020; Greet et al., 2021).

There are also different auxiliary tests that the patient can undergo, such as physical 
examination, thoracic radiography, electrocardiogram, blood count, biochemical 
profile and urinalysis. None of these tests provide specific and definitive signs 
for the diagnosis of cardiopulmonary heartworm disease in the canine species. 
The main objective of ancillary diagnostic tests is to determine the state of the 
disease and the patient’s suitability to undergo adulticidal treatment (Hayward 
et al., 2004; Hwang et al., 2013; Tudor et al., 2014; Tae-Rim et al., 2020; Grosso 
et al., 2022; Rodríguez-Bendas et al., 2022; Vetter et al., 2023). The objective 
should also be to start treatment as soon as possible to stop the progression of 
the disease and prevent the transmission of the infection.

E. Treatment
Treatment for cardiovascular heartworm disease varies depending on the severity 
of the disease. The parasite load, extension and severity of the lesions produced 
must be taken into account before starting therapy. The goal of therapy is to 
improve the patient’s clinical condition and eliminate all life stages of the parasite 
with as few complications as possible. Adult worms are the greatest risk; the 
longer they remain in the animal, the greater the damage to the cardiopulmonary 
system, and consequently the worse signs of illness and death (Antinoff, 2002; 
Bové et al., 2010; Bradbury et al., 2010; Alho et al., 2016).
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The destruction of a high number of parasites in the blood leads to the appearance 
of considerable side effects, which is why the treatment is complex and can bring 
serious risks after it has started. Prior to therapy, dogs infected with D. immitis 
should be evaluated and classified for risk of thromboembolism following 
administration of the adulticidal drug. Factors to consider include number of 
adult parasites possibly present based on echocardiographic examination, size 
and age of the patient, concurrent health factors, severity of lung disease, and 
the degree to which physical exercise can be restricted during the treatment 
period (Cottrell et al., 2004; Carretón et al., 2019). Restriction of physical activity 
is of utmost importance since, together with all the factors previously mentioned, 
it represents a high risk of thromboembolism due to vasoconstriction of the 
pulmonary vasculature during physical activity (Pariaut et al., 2020).

The information obtained in diagnostic tests will help make treatment decisions. 
On some occasions, an auxiliary treatment regimen must be chosen prior to 
adulticidal treatment to improve the patient’s hemodynamic and respiratory 
status. Treatment is generally accompanied by supportive medication as well 
as non-steroidal anti-inflammatory drugs, glucocorticoids, antiplatelet agents, 
analgesics and fluid therapy (Pajas et al., 2018; Tjostheim et al., 2019). While in 
cases with signs of right CHF, patients are usually stabilized prior to adulticidal 
treatment through the use of diuretics, vasodilators and positive inotropic agents. 
On the other hand, in cases of caval syndrome, with the presence of worms in the 
right heart cavities and vena cava, severe signs of disease must be stabilized and 
it is usually decided to remove the parasites surgically (Lee et al., 2008; Iizuka et 
al., 2009; Yoon et al., 2011; Lee et al., 2022).

In the 1990s, melarsomine dihydrochloride replaced thiacetarsamide sodium 
because it is easier to administer and provides greater safety and efficacy. 
Melarsomine dihydrochloride is the only adulticidal drug currently authorized. Its 
form of administration is by deep intramuscular injection into the epiaxial lumbar 
muscles, in the L3 – L5 region. In approximately one third of patients, a local 
reaction may occur at the injection site. Melarsomine dihydrochloride is effective 
against worms older than 4 months (Ciuca et al., 2022; Vercelli et al., 2022; Voros 
et al., 2022).

The currently standard treatment protocol recommended by the European and 
American societies for the prevention of cardiopulmonary dirofilariosis, ESDA and 
AHWS respectively, consists of a double adulticidal and microfilaricidal action. The 
protocol includes the administration on the first day of treatment of a macrocyclic 
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lactone (the AHWS recommends the use of ivermectin or moxidectin) in order to 
eliminate microfilariae. In this way, administered prior to the adulticidal treatment, 
they control possible new infections, eliminate existing susceptible larvae and 
allow others to mature before the administration of melarsomine to the point 
where they are susceptible to the treatment. The administration of macrocyclic 
lactone will be repeated periodically every 30 days until the treatment protocol 
is completed. Subsequently, a course of doxycycline is administered at a dose of 
10 mg/kg every 12 hours for 28 days. It is considered essential in the treatment 
of heartworm disease due to its action against Wolbachia pipientis. Finally, a 
first injection of melarsomine (2.5 mg/kg) in the day 60 of treatment, a second 
injection in the day 90, and a third injection 24 hours (day 91) after the second 
injection are administered to complete the protocol (Moorhead et al., 2023; Ward 
et al., 2023).

Recent research has demonstrated the usefulness in reducing the dose of 
doxycycline to 5 mg/kg every 12 hours, and its effectiveness has also been proven 
in reducing the waiting period until the first dose of melarsomine, reducing the 
standard protocol of 91 days to 61. Restriction of the patient’s physical exercise 
is essential during the application of the treatment and in the following 4 to 6 
weeks after completion, in order to reduce thromboembolic effects (Carretón 
et al., 2019; Carretón et al., 2020). The success of the treatment is confirmed 
with the determination of the absence of antigen carried out 6 months after 
the last dose of melarsomine. Corticosteroids can be used during the protocol 
to minimize possible adverse reactions to parasite death after administration of 
melarsomine and macrocyclic lactones in high risk patients. Prednisone used at a 
dose of 0.5 mg/kg can be used if pulmonary inflammation and thromboembolic 
phenomena are suspected (Dantas-Torres et al., 2023).

This protocol is recommended, since it minimizes the risk of thromboembolism 
caused by the death of the parasites, and allows the patient to eliminate embolic 
fragments more safely, with fewer pulmonary complications. The protocol eliminates 
around 98% of adult nematodes. These efficacy rates refer to the percentage of 
dead nematodes in each dog and not the percentage of dogs with elimination 
of all parasites. Other studies have shown that patients treated with this protocol 
have increased seroconversion to an antigen-negative state. The combination 
of doxycycline, ivermectin and melarsomine significantly reduces the severity of 
arterial lesions and thrombi (Romito et al., 2023).
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F. Prophylaxis
D. immitis infection can be prevented despite the high susceptibility of the 
canine species. Chemoprophylaxis, when applied appropriately, is undoubtedly 
the most effective method of prevention in areas of endemic presentation. 
It is possible for an animal to become infected by missing or delaying the 
administration of a single preventive dose. These areas are the ones that tend 
to have warm temperatures almost all year round, an abundance of stagnant 
water and mosquito populations. Chemoprophylaxis should begin one month 
before the transmission period and end one month after it; however, in endemic 
areas, or in regions where the climate allows transmission throughout the 
year, the administration of chemoprophylactics throughout the whole year 
is recommended. Puppies should start it as soon as possible, between 6 to 
8 weeks of age (Simón et al., 2005; Bowman & Atkins, 2008; McCall et al., 
2008). Before starting a preventive regimen in older canines with no medical 
history, antigen and microfilariae testing should be performed. They are also 
indicated at the beginning and end of each transmission season in those animals 
that receive scheduled chemoprophylaxis, and in those that receive continuous 
chemoprophylaxis it is recommended that they be evaluated once a year. It is 
carried out to exclude the possibility of infection due to poor compliance by the 
tutor during the previous season, and to verify that there was no pre-existing 
infection, or to detect failures in the product (Levy et al., 2017; Ames & Atkins, 
2020). 

The treatment of choice is based on monthly oral or topical administration of a 
macrocyclic lactone, or injection every 6 months of a slow-release formulation 
of moxidectin. The macrocyclic lactones currently on the market are ivermectin 
(6 to 12 μg/kg), milbemycin (0.5 to 0.99 mg/kg), moxidectin (2.5 – 6.8 mg/
kg) and selamectin (6 to 12 mg/kg). These drugs are highly effective and are 
among the safest medications used in veterinary medicine, even in Collies, which 
are more sensitive breeds (mutation of the MDR1 glycoprotein related to the 
metabolization of macrocyclic lactones) (Simón et al., 2012). Macrocyclic lactones 
do not prevent larval inoculation, but they do prevent larval development and kill 
third and fourth stage larvae within weeks or months of infection, which is why 
they provide a therapeutic window of long efficacy and prophylaxis at times in 
which there is a lapse in the administration of preventive treatment by the owner 
(Spasojevic-Kosic & Lalosevic, 2020; Vercelli et al., 2022).
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G. Prognosis 
It is considered that any infected animal that presents an asymptomatic clinical 
picture has a generally favorable prognosis. Those cases of infections with severe 
symptoms, although they have a reserved prognosis, a large percentage can be 
treated effectively. It is important to classify patients prior to starting adulticidal 
treatment based on clinical findings and diagnostic tests. Its severity should also 
be evaluated, as well as the possibility of thromboembolism during adulticidal 
treatment. On certain occasions the standard treatment protocol cannot be carried 
out and modifications must be used when the animal’s clinical condition is not 
capable of tolerating the therapy, there is even the option of refusing to carry out 
the treatment (Montoya & Carretón, 2012; Romano et al., 2021) (Figure 3).

*Figure 3. Hospitalized patient for adulticidal treatment through the administration of intramuscular 
melarsomine. High-risk patient due to the presence of a high parasite load and signs of severe 
cardiorespiratory alterations.

All those animals with chronic and severe parasitosis, for which adulticidal and 
microfilaricidal therapy was successful, will receive therapy to control the possible 
consequences of the disease. The most notable lesions are disseminated intravascular 
coagulation, multiple pulmonary thromboembolisms, right CHF, eosinophilic 
pneumonia, pulmonary fibrosis and pulmonary arterial hypertension. Most of the 
disorders mentioned above are considered permanent and irreversible once established, 
so correct management by the veterinarian and the owner is essential, in order to 
achieve an improvement in the symptoms and quality of life of the patient treated for 
cardiopulmonary dirofilariosis (Tudor et al., 2014; Falcón-Cordón et al., 2019). 

* Own property image



18

2.2. 
Pathophysiology Of Canine 
Cardiopulmonary Dirofilariosis

D. immitis parasitosis is characterized by the combination of the host’s acute and 
chronic immune response. Heartworm disease causes a multisystem disorder with 
the lungs, heart, liver and kidneys being the organs most affected. The severity 
of the lesions will depend on the relative number of nematodes, the duration of 
the infection and the host’s immune reaction (Bové et al., 2010; Carretón et al., 
2020). The adult forms are normally found in the pulmonary vascular surface, on 
many occasions being able to migrate to the main PA, right heart and even the 
vena cava, in cases of severe infections (Cancrini & Kramer, 2001) (Figure 4).

The pulmonary arterial system is the main 
site associated with the pathology caused 
by D. immitis, and as the disease progresses, 
the effects are seen as both functional and 
pathological alterations, not only in the 
vascular surface but also in the underlying 
interstitial lung tissue. The greatest effect 
at the level of the PA is produced by the 
immunological response of the host, as 
well as to toxic substances and physical 
trauma, which, as a consequence, give 
rise to villous proliferation of the intimal 
layer of the vascular endothelium, local 
inflammation, pulmonary hypertension, 
disruption of vascular integrity and fibrosis. 
All of this can be aggravated by arterial and 
venous obstruction caused by live worms or 
together to thromboembolism with dead 
parasites (Pajas et al., 2018; Maerz, 2020).

*Figure 4. Massive Dirofilaria immitis 
infection, obstructing pulmonary circulation, 
observed through necropsy analysis in a male 
Cocker Spaniel dog, 15 kg in weight and 7 
years old.

Pulmonary vascular lesions begin to develop within days of the arrival of D. 
immitis to the pulmonary arterial system, which can be as early as 3 months 
post infection. Endothelial damage with detachment and villous proliferation 
is usually observed, histologically termed proliferative pulmonary endarteritis. 
Leukocyte and platelet activation and chemotaxis occur; the arrival of these cells 

* Own property image
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and the release of trophic factors induce inflammation and a proliferation of 
smooth muscle with collagen accumulation and fibrosis (Tjostheim et al., 2019; 
Tae-Rim et al., 2020). 

The villi produced by this mechanism are pathognomonic for the disease; they are 
formed by smooth muscle cells, collagen, and an endothelial-type coverage. The 
extension is directly related to the parasite load and the duration of parasitosis 
(Venco et al., 2001; Romano et al., 2021). The inflammatory reaction seems to be 
aggravated by the action of Wolbachia pipientis, being related to arterial lesions, 
peri-vascular inflammation, endothelial proliferation and a greater probability of 
the presence of thrombi (Manoj et al., 2021; Santhakumari et al., 2021).

Pulmonary hypertension caused by D. immitis parasitosis can be defined by 
two different, closely associated mechanisms. Pulmonary arterial hypertension 
associated with endothelial damage caused by the presence of parasites 
and pulmonary hypertension due to the formation of pulmonary emboli or 
thromboembolism. Thickening of the vascular endothelium and narrowing of 
the lumen of the peripheral branches of the PA are the main factor in blood 
flow obstruction and pulmonary hypertension. In the same way, there is a loss 
of distension capacity of the damaged pulmonary arteries during cardiac systole 
and diastole. Pulmonary capacity to maintain low and stable pressures becomes 
difficult (Venco et al., 2001; Spasojevic-Kosic & Lalosevic, 2020; Yuchi et al., 
2023). Distally, smaller caliber vessels may be partially or totally occluded by 
parasitic emboli or thromboemboli, as well as by an endovascular reaction. 
These are believed to be the main factors attributable to PA dilation observed 
by imaging techniques in advanced cases of the disease (Roldán-Alzate et al., 
2014).

Macroscopically, the lesions show a thickening of the vascular walls and a rough 
texture of the vascular surface of the large blood vessels, but blood flow is not 
obstructed due to a decrease in the arterial lumen. The large arteries dilate as 
pulmonary hypertension becomes more severe. Blood flow is mainly affected by 
the decreased lumen of the peripheral arterial branches and the loss of compliance 
during the cardiac cycle and the inability to balance blood pressures during systole 
and diastole (Chikwetoa et al., 2014; Venco et al., 2014).
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The decrease in compliance of the large blood vessels increases cardiac work 
significantly. In the first stage, pulmonary blood pressure remains stable and 
increases slightly during physical exercise. As pulmonary hypertension develops, 
the afterload (resistance to blood outflow) of the RV increases, and in response 
there is initially right ventricular concentric hypertrophy characterized by diastolic 
dysfunction (Nagueh et al., 2009). In an advanced stage, systolic dysfunction is 
caused, associated with a noticeable increase in cardiac size caused by dilation 
and eccentric hypertrophy of the RV and atrium (RA), added to the increase in 
size of the PA. Right heart dilation occurs in response to the increase in end-
systolic volume (Serrano-Parreño et al., 2017; Falcón-Cordón et al., 2019).

The greater the severity of the disease and the patient’s activity, the greater 
the compensatory cardiac work. In advanced cases, the inability to generate 
and maintain the perfusion pressures necessary to circulate blood through the 
pulmonary circuit develops (Tudor et al., 2014). As a result of volume overload 
in the right cardiac chambers, normally associated with the presence of tricuspid 
regurgitation and low contractility, a decrease in cardiac output and a retrograde 
increase in venous pressure is generated. Finally, signs of right CHF appear, 
such as ascites, pleural effusion, pericardial effusion, and subcutaneous edema. 
Generally, right CHF occurs gradually and chronically. However, acute cases may 
occur due to thromboembolism phenomena after adulticidal treatment or due 
to the natural death of a large number of nematodes (Hidaya et al., 2003; Lee et 
al., 2008).

Another cause of the acute presentation may be the retrograde migration of 
adult worms from the PA to the RV, RA and/or vena cava. This phenomenon is 
called caval syndrome associated with cardiopulmonary heartworm disease and 
is a relatively rare but severe complication of the disease caused by D. immitis 
(Small et al., 2008; Lee et al., 2022). The reason for this aberrant distribution 
is not fully understood, but it may be due to the presence of a relatively high 
nematode load and retrograde migration of adult forms due to hemodynamic 
changes, such as an acute episode of increased pulmonary hypertension, or 
reduction in cardiac output. The function of the tricuspid valve is severely altered 
due to the presence of worms in the right heart chambers and regurgitation is 
superimposed on chronic pulmonary hypertension. Right ventricular filling can 
be compromised by arrhythmias and obstruction by the nematodes. There is a 
decrease in ventricular preload and subsequent worsening of CHF (Figure 5). The 
prognosis is unfavorable, and mergency surgery is usually required to remove 
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the parasites through surgical procedures. However, even in animals undergoing 
surgical treatment, mortality is around 40% or higher due to the usual presence of 
cardiogenic shock complicated by anemia, metabolic acidosis, and disseminated 
intravascular coagulation (Yoon et al., 2011; Pariaut et al., 2020).

*Figure 5. Representative image of performing 
a necropsy on a dog suffering from heartworm 
caval syndrome. Multiple adult worms can 
be observed in the right atrium and ventricle, 
producing severe cardiovascular disorders.

Other pathological alterations 
associated with parasitization by D. 
immitis in dogs include damage to the 
lung parenchyma, normally due to a 
hypersensitivity reaction against the 
parasites with the presence of immune-
mediated destruction of microfilariae 
in the pulmonary circulation, 
producing an inflammatory response 
called eosinophilic pneumonia. On 
the other hand, once right CHF 
develops, passive chronic venous 
congestion can be observed at the 
liver level. Hepatomegaly of variable 
degree is commonly present, a darker 
tone due to venous congestion, 
the capsular surface may present a 

lobular or granular pattern and central lobular necrosis may be observed due 
to congestion and dilation of the central veins and hepatic sinusoids (Antinoff, 
2002; Hwang et al., 2013; Maerz, 2020). Most dogs with chronic parasites have 
renal glomerulonephritis, which can be severe. The lesions present include 
inflammation and fragmentation of the basement membranes, with loss of 
endothelial cells, fragmentation and atrophy. The severity of kidney lesions has 
been linked to the degree of microfilaremia, the formation of immune complexes 
and reaction to the presence of Wolbachia pipientis surface proteins (Carretón 
et al., 2020; Rodríguez-Bendas et al., 2022; Vetter et al., 2023). Cases of aberrant 
migrations of larvae and adult parasites have also been reported, with alterations 
found in the central nervous system, reproductive system, ocular disorders and 
skeletal muscles (McCall et al., 2008; Montoya & Carretón, 2012; Pajas et al., 
2018; Adebayo, 2020).

* Own property image
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The pulmonary circulation’s objectives are blood gas exchange, being a reservoir 
of intravascular volume and acting as a filter against thromboembolisms and 
infections from the respiratory system. It is a low pressure circuit, with average 
systolic pressure values of 20 mmHg, diastolic pressure of 8 mmHg and mean 
pressure of 14 mmHg (Cavaino et al., 2018b; Braz et al., 2021). In systole, right 
ventricular contraction causes the ejection of blood with high concentrations of 
CO2 from the RA and the vena cava towards the PA, whose main trunk branches 
into right and left PA and, through the vascular tree, reaches the functional unit, 
the alveolocapillary membrane, where gas diffusion and oxygen uptake occur. 
The oxygenated blood is collected by the pulmonary veins (PV) and conducted 
to the left heart, to be ejected through the left ventricle (LV) towards the Aorta 
(Ao) and thus perfuse the body (Lyssens et al., 2022).

The general characteristics of the pulmonary circulation are that the PA carry 
unoxygenated blood and the PV return oxygenated blood, it has high vascular 
compliance, has greater capacitance than the systemic circulation and less 
resistance to blood flow. Pulmonary circulation is regulated by local control 
through hypoxic vasoconstriction and elevation of venous pressure, hormonal 
control through vasoconstrictor substances (catecholamines, endothelin, 
antithrombin I, thromboxane) and vasodilators (cholinergic factor, isoproterenol, 
prostaglandins) and through parasympathetic nervous control through 
acetylcholine as a neurotransmitter and sympathetically through norepinephrine 
(Naeije, 2013; Visser, 2017).

Pulmonary hypertension is a complex syndrome of multifactorial etiology that 
consists of a progressive and sustained increase in pulmonary vascular resistance 
that results in persistent elevation of pulmonary arterial pressure (Chan et al., 2019). 
The sustained increase in pulmonary pressure over time causes an imbalance 
in the endothelial release of vasoconstrictor and vasodilator substances, which 
leads to hypertrophy of the arterial tunica media, thickening and fibrosis of the 
media and adventitia layers, and necrotic arteritis (Boissiere et al., 2008). The 
pathophysiology is variable depending on the etiological classification. In the 
case of canine cardiopulmonary dirofilariosis, the classification of the American 

2.3.
Echocardiographic Diagnosis Of Pulmonary 
Hypertension in canine cardiopulmonary 
dirofilariosis
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College of Veterinary Internal Medicine (ACVIM) has stated that it belongs to 
group 5, being causes of precapillary pulmonary hypertension of parasitic origin 
along with Angiostrongylus vasorum infection (Reinero et al., 2020).

In human medicine, the criterion standard method for the diagnosis of pulmonary 
hypertension is direct assessment of pulmonary arterial pressure by right heart 
catheterization, and in humans, pulmonary hypertension has been defined as a 
systolic pulmonary arterial pressure ≥25 mmHg, or when the mean pulmonary 
pressure rises above 20 mmHg at rest (Lang et al., 2015). However, estimation 
through invasive catheterization in veterinary practice is not routinely feasible 
for various reasons such as economic cost, possible anesthetic complications 
in patients with cardiac pathologies, the time invested in the procedure, 
etc. Additionally, previous research has shown that in humans, the risk of PA 
catheterization is exacerbated when humans have pulmonary hypertension 
(Kellihan & Stepien, 2012; Gentile-Solomon et al., 2016). Therefore, cardiac 
catheterization is an invasive procedure that requires general anesthesia and is 
not routinely performed on dogs in a clinical setting (Figure 6).

*Figure 6. Representative image of performing 
right heart catheterization using fluoroscopic 
guidance to measure intracavitary pressures 
and determine pulmonary arterial pressures in a 
canine patient infected with Dirofilaria immitis.

The main factors that favor the 
development of pulmonary hypertension 
in dogs are: increase in blood flow, 
increase in vascular resistance, and/or 
increase in venous pressures. Based on 
this, hypertension can be classified as 
precapillary or postcapillary (Reinero et 
al., 2020). The causes that generate the 
appearance of pulmonary hypertension 
of postcapillary origin are the increase 
in blood flow, which may be due to 
the increase in cardiac output and left-
to-right shunts (Heejin et al., 2014; 
Greet et al., 2021). On the other hand, 
postcapillary pulmonary hypertension 
can be secondary to left-sided heart 

disease that causes increased filling pressure of the left atrium (LA) or LV (called 
pulmonary arterial wedge pressure). It develops because increased pressure in the 
LA increases the load on the RV and indirectly requires the development of higher 
right ventricular systolic pressures (Huang & Tai, 2013; Lee & Choi, 2022).

* Own property image
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Increased pulmonary arterial pressure can also be caused by an increase in 
pulmonary vascular resistance due to structural changes of the PA associated 
with a wide variety of causes, mostly produced in the lung parenchyma. 
Increased pulmonary arterial pressure associated with increased pulmonary 
vascular resistance in the absence of increased LA pressure defines precapillary 
pulmonary hypertension (Morita et al., 2019; Roels et al., 2019).

Postcapillary pulmonary hypertension resulting from chronic and progressive 
left-sided heart disease can cause vasoconstriction of the PA and pulmonary 
vascular disease, which consequently increases pulmonary vascular resistance. 
Therefore, postcapillary pulmonary hypertension can occur in isolation, or it 
can occur together with increased pulmonary vascular resistance, generating 
combined postcapillary and precapillary pulmonary hypertension (Tidholm et al., 
2009; Toaldo et al., 2016; Tuleski et al., 2022).

Imaging diagnostic techniques play a fundamental role in the estimation 
of canine pulmonary hypertension, since they represent a quick and, in most 
cases, accurate solution, to be able to estimate pulmonary pressures and 
other useful parameters in the presentation of different cardiorespiratory 
pathologies. Advanced techniques such as high-field magnetic resonance 
imaging, computed axial tomography (CT) or angiography are used to diagnose 
pulmonary hypertension (Cannon et al., 2009; Granger et al., 2016; Sutherland-
Smith et al., 2018). Echocardiography currently provides the most accurate, non-
invasive, available and cost-effective estimation of pulmonary pressure in dogs. 
Echocardiography should be viewed as an essential clinical tool to help assess 
the likelihood that a dog has pulmonary hypertension. However, it should not 
be considered as a definitive diagnostic test for confirmation of the presence 
of pulmonary hypertension. The definitive diagnosis of pulmonary hypertension 
always requires evaluation by catheterization of the RV (Nijhawan et al., 2019; 
Morita et al., 2022).

Generally, echocardiographic evaluation of pulmonary hypertension relies heavily 
on the characteristic morphological cardiac changes that occur as a consequence 
of pulmonary hypertension and on the estimation of PA pressure from spectral 
Doppler tracings. As described above, because right ventricular catheterization 
is rarely used for the definitive diagnosis of pulmonary hypertension in 
dogs, veterinarians have traditionally relied on echocardiography for the 
diagnosis, classification, and treatment of dogs with pulmonary hypertension. 
Echocardiographic determinations are intended to avoid misdiagnosis and 

24



25

inappropriate treatment of pulmonary hypertension that could have a lasting 
impact on the dog and its owner (Schober et al., 2006; Paradies et al., 2014).

However, the use of echocardiography as a technique for estimating pulmonary 
arterial pressure has serious limitations. Ultrasonographic examination presents a 
high degree of inaccuracy, variability and imprecision, particularly in the Doppler 
mode. The factor of the skill or experience of the operator, the variability of 
equipment and software for analyzing ultrasound images and the individual 
particularities of canine patients represent serious difficulties in estimating 
pulmonary arterial pressure in veterinary medicine (Teshima et al., 2006; 
Oleynikov & Yi, 2022).

Echocardiographic evaluation of pulmonary hypertension is only one aspect, 
although an important one, in the overall clinical evaluation of a dog with 
suspected pulmonary hypertension. Echocardiographic findings should always 
be interpreted within the context of other clinical findings, especially the presence 
or absence of clinical signs suggestive of pulmonary hypertension and right 
CHF status, as well as the results of alternative diagnostic tests (Vezzosi et al., 
2018a, Visser et al., 2020). In the case of cardiopulmonary dirofilariosis, the use of 
echocardiography should be considered to evaluate the presence of pulmonary 
hypertension in dogs that reside in endemic areas for the infection or that have 
had the disease in the past. Ultrasonographic examination is especially essential 
if the heartworm patient presents clinical signs such as cough, dyspnea, syncope 
or exercise intolerance or thoracic radiological abnormalities are observed such 
as increased silhouette of the right heart, dilation of the pulmonary trunk, dilated 
and tortuous PA or broncho-infiltrates (Venco et al., 2014; Serrano-Parreño et al., 
2017a; Serrano-Parreño et al., 2017b; Pajas et al., 2018).

Traditionally in veterinary medicine, the degree or severity of pulmonary 
hypertension has been classified as mild, moderate or severe, regardless of 
its origin. These categories are based on the pressure gradient derived from 
echocardiographic assessment of tricuspid regurgitation velocity or systolic 
PA pressure estimated by other less accurate methods (Serres et al., 2007; 
Vezzosi et al., 2018; Visser et al., 2020). Recently, the international consensus 
on pulmonary hypertension developed by the ACVIM recommends taking 
into consideration the clinical impact of pulmonary hypertension, and not 
diagnosing it solely and exclusively with echocardiographic estimation (Reinero 
et al., 2020). It has been proposed that the limits used for the classification 
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of pulmonary hypertension (mild 30-49 mmHg, moderate 50-79 mmHg and 
severe >80 mmHg) are arbitrary and the categories are potentially misleading 
or defective, especially when attempting to differentiate between the presence 
of mild and moderate pulmonary hypertension or the absence of pulmonary 
hypertension. Likewise, the etiological origin and the cardiovascular and 
respiratory pathophysiology (pre-capillary, post-capillary or combination) have 
a resounding impact on the severity of the patient’s clinical picture, regardless 
of the echocardiographic estimate reported. Therefore, it is not recommended 
to standardize the study of pulmonary hypertension in a general way in all 
patients, and specific methods and protocols should be sought for each 
pathological condition (Sampedrano et al., 2006; Wess et al., 2017; Cavaino et 
al., 2018a; Roels et al., 2021; Lee et al., 2022). However, it has generally been 
proposed that the clinical definition of pulmonary hypertension should include 
dogs with an intermediate or high probability of pulmonary hypertension and, 
specifically, a tricuspid regurgitation pressure gradient limit >46 mmHg (TRV 
>3.4 m/s) (Figure 7). 

*Figure 7. Representative image of the echocardiographic determination of the maximum speed 
of pulmonary valve regurgitation (A: 3.84 m/sg; 58.98 mmHg), and tricuspid maximum speed 
regurgitation (B: 4.63 m/sg; 85.75 mmHg), using continuous spectral Doppler in an animal 
parasitized by Dirofilaria immitis and suffers from pulmonary hypertension.

* Own property image
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This is roughly equivalent to what has conventionally been called at least 
moderate pulmonary hypertension (Kellihan & Stepien, 2012; Visser et al., 
2016; Vezzosi et al., 2018a). Previous research focused on canine pulmonary 
hypertension reports the clinical usefulness of assessing tricuspid regurgitation 
velocities greater than 3.4 m/s or the presence of pulmonary valve insufficiency 
above 2.2 m/s (Schober et al., 2006; Paradies et al., 2014; Sutherland-Smith et 
al., 2018; Roels et al., 2019). However, regurgitation jets are not always present, 
or are difficult to analyze, so the measurement depends on the cardiovascular 
composition and the skill of the operator, and difficulty in obtaining reliable 
maximum speeds is common. Through ultrasonography, findings and data can be 
obtained in various methods that estimate pulmonary pressure and support the 
diagnosis of pulmonary hypertension in a non-invasive way (Toaldo et al., 2016; 
Morita et al., 2019; Wolf et al., 2021). However, new reliable, repeatable, with 
high sensitivity (Sen), Sp and acceptable diagnostic accuracy in relation to right 
heart catheterization methods for the determination of pulmonary hypertension 
should be investigated in veterinary medicine.

2. 3. 1. Structural Changes in Pulmonary Vasculature
The PV and PA are dynamic structures that physically change their diameter 
during the cardiac cycle. Vessel size depends on the volume of flow through 
the vessel, intravascular hydrostatic pressure, and vascular compliance. PV are 
more expandable than PA and generally increase in size with increases in left 
ventricular end-diastolic pressure or increased pulmonary blood flow. PA enlarge 
with increased pulmonary blood flow, pulmonary hypertension, idiopathic dilation 
of the PA, or due to valvular or subvalvular pulmonary stenosis (poststenotic 
dilation) (Birettoni et al., 2016). 

In this sense, veterinarians have traditionally evaluated these vascular structures 
to obtain valuable information about the hemodynamic status of canine patients. 
In this way, the evaluation of the relative size of the PV and PA on radiographs 
comparing them with each other and with respect to the size of the ribs is 
routinely performed (Heejin et al., 2014; Tudor et al., 2014). Furthermore, the 
PV and PA associated with the same bronchus are approximately the same size 
in normal dogs (Hayward et al., 2004; Adams et al., 2017; Lee et al., 2022). In 
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recent years, the use of CT in the study of cardiorespiratory diseases in veterinary 
medicine has increased. The use of CT angiography and the measurement of the 
relationship between vascular structures at the thoracic level has offered optimal 
results in the evaluation of the presence of pulmonary hypertension in animals that 
suffer from pathologies different than heartworm (Cannon et al., 2009; Granger 
et al., 2016; Sutherland-Smith et al., 2018). In this sense, the diameters of PV 
and PA have recently been studied and the relationship between the PA and 
its adjacent PV taken in a cross-sectional image using in the canine species has 
been evaluated (Soliveres et al., 2021). As in human medicine, the assessment of 
these structures through the ratio between the PV and the PA has proven to be a 
powerful predictive value in estimating pulmonary hypertension when the value 
is <1.0 (Ascha et al., 2017).

As a result of the comparison between the pulmonary vessels, recently, multiple 
investigations have evaluated the diameter of the PV and the diameter of the PA 
in dogs and cats as a valuable echocardiographic index (Birettoni et al., 2016; 
Patata et al., 2019; Roels et al., 2021). Diameters of PV and PA can be easily 
and conveniently imaged by transthoracic echocardiography in dogs and cats 
using a slightly modified right parasternal 4-chamber view, and a short-axis right 
parasternal view at the level of the bifurcation of the pulmonary trunk, to obtain 
M-mode imaging or 2D imaging (Merveille et al., 2015). It can be observed the 
confluence of both vascular structures (right PV and PA) and is relatively easy to see 
their dynamic changes from the cardiac cycle and cardiorespiratory pathologies. 
The relationship between PV and PA is maintained in both systole and diastole, 
and the anatomical landmarks are easily detectable by echocardiography (Figure 
8 & 9).

*Figure 8. Representation of the determination 
of the relationship between the right pulmonary 
artery and vein (PV:PA) by echocardiographic 
method in two-dimensional mode using a right 
parasternal long axis 4-chamber view. RA: right 
atrium, LV: left ventricle, LA: left atrium, PV: 
pulmonary vein, PA: pulmonary artery.

* Own property image
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Birettoni et al., (2011) first described 
the use of PV to PA ratio (PV:PA) 
measured by echocardiography in 
dogs at the XXI European congress of 
veterinary internal medicine (ECVIM 
Congress, Seville, Spain). The right PA 
and the right PV and their variations 
in indices were analyzed in dogs with 
myxomatous mitral valve disease 
at different stages. With the aim of 
knowing if these measurements could 
be helpful to early distinguish dogs in 
CHF (increased in PV diameters). The 
right ostium of the PV and the right PA 
were measured using the M-mode from 
modified right parasternal long-axis 

*Figure 9. Representation of the determination 
of the relationship between the right pulmonary 
artery and vein (PV:PA) by echocardiographic 
method in monodimensional mode using a right 
parasternal long axis 4-chamber view. RA: right 
atrium, PV: pulmonary vein, PA: pulmonary 
artery.

views at the maximal and minimal diameters, and at the peak of the QRS and end 
of the T-waves. An optimal cut-off of 1.8 was showed to PV:PA at the end of the 
T-waves value with 85% Sen and 62% Sp for detecting CHF. The conclusion was 
that echocardiographic indices could be useful in discriminating subclinical and 
CHF  in dogs with similar degrees of cardiac enlargement.

Subsequently, a study developed by the same authors reported reference intervals 
in healthy dogs from M-mode and 2D images using modified right parasternal 
long and short axis views. Measurements of the right ostium of the PV and the right 
PA were timed with electrical events (peak of the QRS complex and end of the T 
wave) or mechanical events (PV and PA vessels at their respective maximum and 
minimum diameters). In all cases, to measure the diameter of the PV and PA, the 
inner-edge-to-inner-edge method was used drawing a line perpendicular to the 
medial PV and passing through the center of the adjacent right PA at the site of 
the maximum vascular diameter. In normal dogs, regardless of echocardiographic 
view or cardiac cycle time, the PV:PA ratio approached 1.0 with good intra- and 
interobserver reproducibility. ECG-timed fractional changes in PV and PA diameter 
were at least 50% smaller than mechanically timed changes, regardless of the 
echocardiographic view used. Physiologically the echocardiography derived 
relationship between PV and PA in healthy dogs approaches 1.0, similar to what 
has been documented radiographically (Birettoni et al., 2016). 

* Own property image
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PV:PA ratio measured by echocardiography has recently been used to predict 
CHF  in dogs suffering from myxomatous degenerative valvular disease. The 
ratio was measured in 2D and M-mode using a right parasternal long axis 
4-chamber view optimized to simultaneously visualize a longitudinal section of 
the medial PV and the right PA in cross-section. The dimensions were obtained 
by tracing a line perpendicular to the medial PV and passing through the center 
of the adjacent right PA. For both measurements, were used the inner edge-
to-inner edge method at the end of the T wave. The PV:PA in healthy dogs was 
approximately 1.0. The presence of CHF could be best predicted by measuring 
PV:PA in 2D echocardiography (cut-off, 1.7; AUC, 0.98; CI, 0.97–0.98; P <0.001) 
with a Sen of 96% and Sp of 91% (Merveille et al., 2015).

The PV:PA ratio has been proposed as an index that can help discriminate 
cats suffering from CHF. A previous study determined reference intervals for 
various PV and PA variables in healthy cats and cats with clinical and subclinical 
cardiomyopathy with the objective of determining their diagnostic usefulness to 
identify CHF. PV and PA were measured at the minimal and maximal diameters 
using M-mode images obtained from a modified right parasternal long axis 
view. The results showed that the median PVmin/PAmin value in healthy cats 
was approximately 0.51 and the PVmax/PAmax value was 0.67. Cats with CHF 
had higher PVmin/PAmin and PVmax/PAmax values compared to subclinical and 
healthy cats. When evaluating the diagnostic performance of these variables in 
cardiomyopathic cats, PVmin/PAmin values had higher accuracy compared to 
the LA:Ao value when identifying cats with CHF (Patata et al., 2019).

These studies have shown that the PV:PA ratio, obtained from a modified view of 
the right parasternal long axis and using the inner-edge-to-inner-edge method, 
discriminated dogs and cats with CHF from healthy animals and patients with 
subclinical heart disease. Furthermore, certain variables PV and PA performed 
better than other measures in discriminating cardiomyopathic cats with and 
without CHF (Birettoni et al., 2011; Merveille et al., 2015; Patata et al., 2019).

Recent studies apply the PV:PA ratio in the identification of pulmonary 
hypertension in dogs. Firstly, a retrospective study analyzed the PV:PA measured 
by both 2D and M-mode in dogs suffering from pulmonary hypertension of 
precapillary origin excluding cardiopulmonary heartworm disease. A right 
parasternal long axis four-chamber view was optimized to simultaneously 
visualize the right ostium of the PV in the longitudinal section and the right PA in 
the cross section. For both measurements, the inner edge-to-inner edge method 
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was used with measurements timed to the end of the T wave. Results of the study 
identified the 2D PV:PA as the strongest predictor for the presence for moderate 
pulmonary hypertension (TRPG >50 mmHg) using a cutoff value of <0.70 (Sen: 
96%,Sp: 82%) (Roels et al., 2019). On the other hand, the same authors later used 
the measurement of PV:PA ratio following the same protocol to assess survival in 
West Highland White Terriers with canine idiopathic pulmonary fibrosis. The cut-
off value of <0.7 was used as a measure to determine the presence of pulmonary 
hypertension in the patients analyzed (Roels et al., 2021). These investigations 
highlight the potential usefulness of echocardiographically derived PV:PA as 
a complementary, non-invasive tool for the diagnosis of at least moderate, 
precapillary pulmonary hypertension determination in dogs.

In large animals, various studies have also been carried out on this ratio, 
highlighting the one carried out by Caivano et al., (2019) in which a total of 
70 healthy horses were used, and obtained reference intervals in the diameter 
of both vessels and their relationship. Using a right parasternal long axis view, 
the maximum and minimum diameters of right PV and right PA were measured 
using M-mode. Median of the minimum and maximum PV:PA was 0.51 and 0.60, 
respectively. No relationships between either bodyweight or heart rate and any 
of the vein or artery variables were identified. Inter- and intra-observer variability 
measurement was very good for all PV and PA measurements. Measuring of PV 
and PA diameters using M-mode transthoracic echocardiography is feasible in 
equine cardiology (Cavaino et al., 2019; Ferraro et al., 2023).

2. 3. 2. Tissue Doppler imaging
Tissue Doppler imaging (TDI) for echocardiographic evaluation of myocardial function 
was first described in 1989 in human medicine, and was a true revolution in the 
quantitative evaluation of myocardial function. Doppler ultrasound is based on the 
detection of a change in frequency of ultrasound signals reflected by moving objects. 
In the heart, both blood flow and myocardial contraction cause changes in velocity. 
Blood flow causes high-frequency, low-amplitude signals that are obtained using 
traditional spectral Doppler. TDI images are designed to characterize low-velocity, 
high-amplitude signals of myocardial motion, and are obtained by reversing the low-
pass filter used in traditional Doppler into a high-pass filter (Sampedrano et al., 2006).
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The myocardium comprises subendocardial and epicardial layers, with 
the subendocardium characterized by longitudinally arranged myofibers. 
Throughout ventricular contraction, these layers exert varying tension, causing 
the endocardium to move over greater distances. TDI specifically assesses the 
longitudinal component of myocardial contraction across the entire cardiac cycle 
(Morita et al., 2021).

TDI is obtained using pulsed-wave tissue Doppler or color tissue Doppler. 
Pulsed-wave TDI measures the longitudinal myocardial velocity peak of a single 
segment, and is performed instantaneously without further processing. Color 
tissue Doppler images require post-processing after echocardiographic imaging 
and can interrogate velocities from multiple sites simultaneously. However, color 
tissue Doppler represents the mean maximum velocity and is 25% lower than 
Pulsed-wave TDI. Therefore, the two methods are not interchangeable with each 
other (Koening et al., 2017). 

During a cardiac cycle, the TDI representation shows three peaks: one positive 
systolic peak and two negative diastolic peaks. The positive systolic wave (S velocity) 
reflects myocardial contraction, while the negative waves indicate early diastolic 
myocardial relaxation (E’ velocity), and active atrial contraction in late diastole (A’ 
velocity). Additionally, periods of isovolumetric contraction (IVCT) and relaxation 
(IVRT) can be identified (Figure 10). Pulsed-wave TDI velocity measurements are 
obtained by placing the sample volume at the level of the mitral or tricuspid annulus 
or within the basal myocardial segment of the LV or RV. Although TDI velocities can 
be measured from the septal or lateral annulus, the current recommendation is to 
express velocity as the average of the septal and lateral measurements (Fontes-
Sousa et al., 2009; Mandour et al., 2020).

*Figure 10. Diagram illustrating the correlation 
between tissue Doppler imaging tracings 
and invasive hemodynamic variables: PCG, 
phonocardiogram; ECG, electrocardiogram; 
S, peak systolic myocardial velocity; E’, 
peak early diastolic myocardial velocity; A’, 
peak late atrial myocardial velocity; IVCT, 
isovolumic contraction time; IVRT, isovolumic 
relaxation time; S1, first heart sound; S2, 
second heart sound; PA, pulmonary artery; RV, 
right ventricle; RA, right atrium.

* Own property image
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TDI measurements have been used in various cardiac conditions, validated as 
markers of left and right ventricular systolic dysfunction, left and right ventricular 
diastolic dysfunction, left and right ventricular dyssynchrony, and auricular 
function (Chetboul et al., 2005; Koffas et al., 2006; Serres et al., 2007; Toaldo et 
al., 2016; Morita et al., 2019). Its usefulness extends to the evaluation of specific 
cardiac diseases in small animals, such as degenerative mitral valve disease in 
dogs, dilated cardiomyopathy in dogs, and hypertrophic cardiomyopathy in cats, 
among others, with prognostic implications (Sampedrano et al., 2006; Chetboul et 
al., 2007; Toaldo et al., 2016). Tissue Doppler measurements are more sensitive 
than conventional echocardiography in detecting early myocardial alterations in 
primary (hypertrophic and dilated cardiomyopathies) and secondary disorders 
(e.g., ischemia), making TDI useful in screening and detection of subclinical 
myocardial dysfunction, as well as to evaluate the effectiveness of therapeutic 
interventions (Yuchi et al., 2023). Echocardiographic assessment of right 
ventricular function is often underreported due to the difficulty in achieving 
accurate assessment, given its retrosternal position, which presents additional 
challenges in imaging. Similar to the LV, pulsed TDI velocities in the RV exhibit a 
gradient from the base to the apex, with velocities on the laterals of the RV being 
greater than those on the laterals of the LV (Tidholm et al., 2009).

The S velocity measures longitudinal contraction of the ventricle and serves as a 
surrogate for ventricular systolic function. Nonetheless, TDI has limitations as it is 
unable to fully distinguish active myocardial contraction from the tethering effects 
of adjacent myocardium, lacking Sp in terms of site differentiation. The TDI E’ 
velocity is measures of ventricular relaxation in early diastole and are relatively 
independent of volume load. E’ velocity can be measured from the septal or 
lateral annulus in the apical four-chamber view, although regional variation exists 
(Morita et al., 2016). In normal subjects, transmitral velocity E is greater than 
velocity A; however, in early diastolic dysfunction, this pattern is reversed, and E 
velocity is reduced, making it difficult to use the mitral inflow pattern to assess 
diastolic dysfunction. However, the E’ velocity proves useful when relating it to 
the transmitral E velocity in the analysis of left ventricular diastolic function (E:E’). 
The TDI late diastolic velocity, A´, is useful in evaluating atrial function. A’ velocity 
serves as a marker of global atrial function and normally increases with age in 
human medicine, without significant regional variations. This velocity correlates 
with other measures of  atrial function, such as peak transmitral velocity A, atrial 
fraction, and atrial ejection force. High-speed color TDI allows evaluation of 
segmental atrial function (Yuchi et al., 2023).
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IVRT refers to the early stages of ventricular diastole, when both the atrioventricular 
and semilunar leaflets are closed. During this phase, there is no change in the 
amount of blood in the ventricle, but there is a precipitous drop in intraventricular 
pressure. When the ventricle begins to contract, the pressure exceeds that of the 
corresponding atrium, resulting in the closure of the atrioventricular leaflets. At 
the same time, the pressure is not enough to open the semilunar valves. However, 
the ventricles are in the IVCT state, since there is no change in the total volume 
of the ventricle. The IVRT is defined in TDI as the time interval between S and the 
start of E’, and the IVCT is defined as the time interval between the end of A’ and 
the start of S. The duration of IVRT and IVCT of the RV are intimately determined 
by the RA pressure, the PA systolic pressure and the heart rate (Chetboul et al., 
2005; Serres et al., 2007).

The S wave derived from pulsed-wave and color TDI has been studied in healthy 
dogs, demonstrating reproducibility and repeatability. In addition, reference 
intervals for each parameter (S, E´ and A´) have been also established in dogs. 
Pulsed-wave TDI derived S shows a robust correlation with invasively assessed 
right ventricular function in healthy dogs. In 2005, a study demonstrated the 
usefulness of TDI for the estimation of pulmonary hypertension causing right 
ventricular dysfunction (Boissiere et al., 2005). Clinically, color TDI–derived S 
proves diagnostically valuable in dogs with pulmonary hypertension and may 
offer early predictive value for dilated cardiomyopathy in dogs (Chetboul et al., 
2007). Therefore, indices of RV function using TDI, such as S, E´:A´, and G-TDI 
(global TDI index defined as S * E´:A´), have been outlined in dogs with pulmonary 
hypertension. A G-TDI value below 11.8 cm/s predicted pulmonary hypertension 
with 89% Sen and 93% Sp. Additionally, an E´:A´ value below 1.12 predicted 
pulmonary hypertension with 89% Sen and 90% Sp (Serres et al., 2007). 

Currently, the diagnostic value of the optimized measures in TDI mode for the 
assessment of precapillary and postcapillary pulmonary hypertension in small 
animals has been reinforced and is considered a fundamental echocardiographic 
mode for the analysis of cardiac ventricular function (Toaldo et al., 2016; Morita et 
al., 2019; Silva et al., 2020). However, the use of TDI in heartworm disease has not 
been previously reported through a large study with different races, ages, sexes, 
and degrees of parasite burden. The hemodynamic changes reported through 
TDI in the right heart chambers derived from the presence of adult parasites 
can be a useful tool for the evaluation of pulmonary hypertension findings and 
be considered a predictive factor for the presence of signs of right CHF. It is 
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important to note that detailed TDI interrogation of the RV can be challenging 
in patients with significant respiratory effort, and TDI assessment of the RV is 
considered supportive of pulmonary hypertension rather than diagnostic (Morita 
et al., 2019).

Despite the relative robustness of TDI measurements, there is a learning curve 
associated with acquiring and analyzing TDI data. Commercially available 
machines may employ various algorithms, which may result in different TDI 
rates. The precise location in the spectral trace of the pulsed Doppler envelope 
where tissue velocity should be measured is unclear; a recent study suggests 
measurement in the middle portion of the spectral trace. The main disadvantage 
of the TDI is that the quality of analysis depends on the interrogation angle, and 
if this angle exceeds 20 degrees, the velocity could be underestimated. Accurate 
TDI imaging also requires high frame rates (>40 frames per second) to acquire 
images with excellent temporal resolution. Although TDI signals are robust, it 
is common to observe some variation in signal amplitude and timing due to 
minor alterations in the position of the sample volume. This aspect is particularly 
crucial in desynchrony studies, since cursor position can affect synchronization. 
Interpretation of pulsed TDI traces can sometimes be difficult, especially at high 
heart rates where multiple peaks may overlap (Sampedrano et al., 2006; Koffas et 
al., 2006; Toaldo et al., 2016).

2. 3. 3. Two-dimensional speckle tracking
Echocardiography serves as the predominant diagnostic tool for cardiovascular 
assessment in both veterinary and human medicine. However, accurately 
assessing cardiac mechanics proves challenging due to the intricate geometry of 
the myocardium and the interplay of determinants influencing cardiac function. 
Within the subendocardial region, fibers align longitudinally along the heart’s axis 
with a right-handed helix, transitioning to circumferentially oriented fibers in the 
midwall, and reverting to longitudinal orientation with a left-handed helix in the 
subepicardial region (Chetboul et al., 2007). This double helical structure is vital 
for efficient cardiac function, enabling simultaneous shortening in longitudinal 
and circumferential directions, resulting in a twisting motion that enhances 
energy efficiency and facilitates effective blood pumping (Figure 11).
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*Figure 11. A: Illustration depicting the 
longitudinal endocardial and epicardial fibers, 
as well as the circular midwall fibers in the left 
ventricle. B: The orientation of cardiac fibers 
varies along the cardiac short axis, transitioning 
from the endocardium to the epicardium. C: 
The presence of variable fiber angles facilitates 
a contraction and twisting action during systole, 
followed by a relaxation and untwisting motion 
during diastole. Wall thickening is characterized 
by the thickening and inward movement of 
cardiac fibers.

Ventricular motion encompasses a 
combination of narrowing, shortening, 
lengthening, widening, and twisting. 
As the myocardium moves and changes 
position, it undergoes deformation and 
alters shape, as different segments do 
not move at the same velocity. Since 
myocardial fibers lack compressibility, 
any shortening in one direction leads 
to expansion in other directions 
(Feldhutter et al., 2022).

Conventional echocardiography 
techniques struggle to capture 
certain aspects of cardiac mechanics. 
The twisting motion and overall wall 
thickening throughout the entire 
ventricle are challenging to depict 
accurately. Moreover, measurements 
of wall motion cannot differentiate 
between active and passive 
movement of a myocardial segment. 

In conventional echocardiography, a dysfunctional myocardial segment may 
still exhibit movement due to the tethering effect from adjacent segments. 
Deformation analysis represents an approach aimed at minimizing the 
limitations inherent in conventional techniques (Chetboul et al., 2018).

Speckle tracking echocardiography represents a non-Doppler technique that 
employs computer software analysis of images generated by conventional 
2D ultrasound mode. In this method, the Doppler ultrasound signal produces 
artifacts known as speckles, which are random reflections (Cavaino et al., 2020). 
These speckles remain stable throughout the cardiac cycle, serving as natural 
acoustic markers. The speckle tracking software can identify and track a cluster 
of speckles from frame to frame, enabling the calculation of motion parameters 
(displacement and velocity) and deformation parameters (strain and strain rate) 
(Morita et al., 2017). 

Strain calculated using speckle tracking is the percentage of change from the 
original length, with negative values indicating narrowing or shortening, and 

* Own property image
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positive values indicating lengthening or thickening. Strain rate represents the 
average change in strain per unit of time and is expressed as 1/s. Both motion and 
deformation occur in three dimensions and are described along the three cardiac 
axes. The nomenclature includes longitudinal for base-to-apex, circumferential 
for rotational, and radial or transverse for inward motion and deformation (Visser 
et al., 2015b) (Figure 12).

*Figure 12. Illustration depicting the right 
ventricle with emphasis on the longitudinal 
(SL), circumferential (SC), and radial (SR) 
axes, as well as basal and apical rotation.

*Figure 13. Graphical representation displaying 
cardiac time and the electrocardiographic trace 
on the x-axis, while strain is depicted on the 
y-axis. End diastole is identified using the R 
wave of the ECG. In this illustration, end systole 
is specifically indicated to highlight distinctions 
among peak systolic strain, end systolic strain, 
and postsystolic strain.

In the field of cardiology, speckle 
tracking echocardiography typically 
standardizes the assessment of 
mechanical events to determine 
parameters of movement and strain. 
Consequently, end diastole is commonly 
identified at the commencement of 
the cardiac cycle. This is established in 
the 2D echocardiography image as the 
frame preceding the complete closure 
of the mitral valve, or through surrogate 
indicators such as the R peak of the 
electrocardiogram, or the maximum 
volume of the RV or LV. End systole 
serves as the customary endpoint and 
aligns with aortic valve closure. This is 
determined from apical long axis views 
or by employing surrogates like the end 
of the T wave on the electrocardiogram, 
the termination of the negative spike 
post-ejection on the speckle tracking 
derived velocity trace, or the minimum 
volume of the ventricle (Hamabe et al., 
2021) (Figure 13).  

The majority of conducted studies 
focused on reporting either peak 
systolic strain (the initial peak strain 
value identified) or maximum systolic 
strain (the highest strain value 
identified). Due to the diverse layers of 
fibers in the heart oriented in different 
directions, the motion and deformation 

* Own property image
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can exhibit variability based on the location within the myocardial wall. As a 
result, speckle tracking software typically provides reports on endocardial 
deformation. Generally, software packages divide the ventricular wall into six 
equidistant segments, labeled as basal, mid, and apical segments. The data can 
be presented in various ways: globally (encompassing all segments across all 
views), per ventricular wall (comprising three segments of either the ventricular 
free wall or the septum), or individually for each specific segment (Visser et al., 
2015a; Chetboul et al., 2018; Hamabe et al., 2021).

The speckle tracking determinations of global and right ventricular free wall 
longitudinal strain are typically obtained from the left apical 4-chamber slice 
optimized for the RV. Likewise, the longitudinal displacement of specific segments 
of the fibers of the tricuspid valve annuli towards the ventricular apex can also be 
analyzed, obtaining percentage of strain or centimeters of displacement (tissue 
motion annular displacement) (Wolf et al., 2018; Visser et al., 2018; Silva et al., 
2020). These determinations are at the level of the longitudinal subendocardial 
layer, since it is better visualized and the assessment is more precise and, 
in addition, it is the layer that contributes 80% to the contraction of the RV. 
Longitudinal endocardial strain provide additional information on myocardial 
function independently of myocardial velocity (Locatelli et al., 2016; Feldhutter 
et al., 2022)

Speckle tracking echocardiography has been recently implemented in veterinary 
cardiology, longitudinal strain determinations of both the LV and RV in healthy 
dogs have been reported (Visser et al., 2015; Morita et al., 2017; Feldhutter 
et al., 2022). Likewise, circumferential fiber strain has also been assessed to a 
lesser extent (Chetboul et al., 2007; Cavaino et al., 2020; Hamabe et al., 2021). 
Previous research has focused on the clinical application of early detection of  LV 
dysfunction in dogs. However, speckle tracking imaging is a promising functional 
imaging modality that appears to be more sensitive for the detection of RV 
dysfunction compared to conventional indices in veterinary medicine (Locatelli 
et al., 2016; Chetboul et al., 2018). Previous speckle tracking echocardiography 
studies carried out in dogs with pulmonary hypertension caused by causes other 
than heartworm disease reported values comparable to those published on 
pulmonary hypertension in people, highlighting the usefulness of longitudinal 
strain measurements to assess the alterations caused by pulmonary hypertension 
in the functionality of the RV (Visser et al., 2015; Morita et al., 2019; Cavaino et 
al., 2020; Feldhutter et al., 2022). To date, speckle tracking technology has not 
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been applied to canine cardiopulmonary dirofilariosis, so the usefulness of  strain 
determinations in the hemodynamic changes caused by precapillary pulmonary 
hypertension originating in many cases of disease is unknown.

Obtaining a high-quality image stream makes the speckle tracking process 
relatively straightforward and reproducible, with postprocessing times kept within 
acceptable limits due to continuous advancements in computer processing. 
The computerized nature of the process reduces some of the subjective human 
elements in analysis. Speckle tracking can derive the majority of parameters 
of interest (motion, deformation, volume) from a select few views, with strain 
being the echocardiographic parameter closest to measuring actual contractility. 
Therefore, speckle tracking offers added value in evaluating cardiac mechanics 
and function. The advantages also include the capacity for both global and 
regional functional evaluation and, unlike TDI determinations, speckle tracking 
images are independent of the acquisition angle (Cavaino et al., 2020; Hamabe 
et al., 2021; Feldhutter et al., 2022).

Nevertheless, the widespread clinical utility of strain is currently a subject of 
scrutiny. The software may generate curves and output, occasionally disregarding 
fundamental image concerns like foreshortening or Doppler artifacts, leaving it 
to the operator’s expertise to assess the validity of the output. Consequently, 
measurements are unlikely to be routinely conducted in standard cases until 
technological enhancements are made. The application of these indices 
is impeded by the requisite and time-intensive post-processing analysis, 
compounded by the diverse array of analysis software that yields variations in 
clinical outcomes. Additionally, strain necessitates excellent 2D image quality (> 
40 frames per second) with distinct visualization of myocardial borders (Chetboul 
et al., 2007; Locatelli et al., 2016; Chetboul et al., 2018).
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3. 
OBJECTIVES
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3.1. Structural changes in the pulmonary vasculature reflect cardiorespiratory 
hemodynamic alterations. Assessment of pulmonary vein and pulmonary 
artery diameter in dogs and cats has previously been shown to be a valuable 
echocardiographic index. It was proposed to evaluate the relationship between 
the vein and the pulmonary artery (PV:PA) in dogs affected by cardiopulmonary 
dirofilariosis with the hypothesis that there must be a direct association with the 
presence or absence of pulmonary hypertension. Likewise, the investigation 
between the echocardiographic methods of determination, two-dimensional and 
one-dimensional mode, was analyzed to determine the degree of correlation 
between both measurements.

3.1. Los cambios estructurales en la vasculatura pulmonar reflejan alteraciones 
hemodinámicas cardiopulmonares. La evaluación del diámetro de la vena y 
la arteria pulmonar en perros y gatos se ha mostrado previamente como un 
índice ecocardiográfico valioso. Se propuso evaluar la relación entre la vena y la 
arteria pulmonar (PV:PA) en perros afectados por dirofilariosis cardiopulmonar, 
con la hipótesis de que debe haber una asociación directa con la presencia o 
ausencia de hipertensión pulmonar. De igual manera, se analizó la correlación 
entre los métodos ecocardiográficos de determinación, modo bidimensional 
y monodimensional, para determinar el grado de correlación entre ambas 
mediciones.

3.2. Tissue Doppler imaging (TDI) has been widely used in veterinary medicine 
to evaluate cardiac functionality. It was proposed to evaluate the hemodynamic 
changes that could be detected by TDI  in the right heart chambers of dogs affected 
by cardiopulmonary dirofilariosis with the hypothesis that the determinations could 
be a useful tool for the evaluation of the presence of pulmonary hypertension 
in the animals analyzed. Thus, the objective of this study was to evaluate the 
usefulness of the measurements obtained by echocardiographic examination in 
TDI mode (E’, A’, S, E’:A’, Global TDI, HRI-IVCT, HRI-IVRT, R-TEI ), to detect the 
presence of pulmonary hypertension in dogs infected by Dirofilaria immitis.



44

3.2. La imagen de Doppler tisular se ha utilizado ampliamente en medicina 
veterinaria para evaluar la funcionalidad cardíaca. Se propuso evaluar los cambios 
hemodinámicos que podrían detectarse mediante TDI en las cavidades cardíacas 
derechas de perros afectados por dirofilariosis cardiopulmonar con la hipótesis 
de que las determinaciones podrían ser una herramienta útil para la evaluación 
de la presencia de hipertensión pulmonar en los animales analizados. Así, el 
objetivo de este estudio fue evaluar la utilidad de las mediciones obtenidas 
mediante examen ecocardiográfico en modo TDI (E’, A’, S, E’:A’, Global TDI, 
HRI-IVCT, HRI-IVRT, R- TEI ), para detectar la presencia de hipertensión pulmonar 
en perros infectados por Dirofilaria immitis.

3.3. Two-dimensional speckle tracking echocardiography has improved the 
assessment of cardiac functionality by being able to analyze specific segments of 
the ventricular myocardium influenced by diverse phenomena such as pulmonary 
hypertension. Therefore, due to the high percentage of canine patients who 
suffer from canine cardiopulmonary dirofilariosis and generate pulmonary 
hypertension, it is essential to know the diagnostic value of the longitudinal 
strain of the right ventricle (GS and FWS) and the measurements of the annular 
displacement of the tricuspid movement (TMAD) using two-dimensional speckle 
tracking echocardiography. The objective was to evaluate the usefulness of GS, 
FWS and TMAD measurements in a group of dogs infected with heartworm to 
determine the cut-off values to estimate the presence of pulmonary hypertension.

3.3. La ecocardiografía speckle tracking bidimensional ha mejorado la evaluación 
de la funcionalidad cardíaca al poder analizar segmentos específicos del 
miocardio ventricular influenciados por diversos fenómenos como la hipertensión 
pulmonar. Por lo tanto, debido al alto porcentaje de pacientes caninos que 
padecen dirofilariosis cardiopulmonar canina y generan hipertensión pulmonar, 
es fundamental conocer el valor diagnóstico de la tensión longitudinal del 
ventrículo derecho (GS y FWS) y las mediciones del desplazamiento anular del 
movimiento tricúspide (TMAD) mediante la ecocardiografía speckle tracking 
bidimensional. El objetivo fue evaluar la utilidad de las mediciones de GS, FWS 
y TMAD en un grupo de perros infectados con dirofilariosis para determinar los 
valores de corte que permitan estimar la presencia de hipertensión pulmonar.
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5. 
CONCLUSIONS





89

5.1.  Echocardiographic measurement of the pulmonary vein to pulmonary 
artery ratio was able to discriminate between dogs without pulmonary 
hypertension (healthy or infected with Dirofilaria immitis) and dogs infected 
with cardiopulmonary dirofilariosis with pulmonary hypertension. Therefore, 
the pulmonary vein to pulmonary artery ratio may be a useful tool to 
echocardiographically evaluate vascular status in patients with heartworm 
disease. The pulmonary vein to pulmonary artery ratio of 0.845, in both the one-
dimensional and two-dimensional modes, suggested an acceptable cut-off value 
to differentiate between dogs with pulmonary hypertension and dogs without 
pulmonary hypertension. 

5.1. La medición ecocardiográfica de la proporción vena pulmonar y arteria 
pulmonar fue capaz de discriminar entre perros sin hipertensión pulmonar 
(sanos o infectados con Dirofilaria immitis) y perros infectados con dirofilariosis 
cardiopulmonar con hipertensión pulmonar. Por lo tanto, la proporción vena 
pulmonar y arteria pulmonar podría ser una herramienta útil para evaluar 
ecocardiográficamente el estado vascular en pacientes con dirofilariosis 
cardiopulmonar. La relación de la proporción vena pulmonar a arteria pulmonar 
de 0,845, tanto en los modos monodimensionales como bidimensional, sugirió 
un valor de corte aceptable para diferenciar entre perros con hipertensión 
pulmonar y perros sin hipertensión pulmonar.

5.2. The results showed that the tissue Doppler imaging measures of E´, S, E´:A´, 
HRI-IVRT, HRI-IVCT, Global-TDI and R-TEI discriminated between normotensive 
and dogs with pulmonary hypertension and, therefore, can be a useful 
alternative tool to evaluate patients with cardiopulmonary dirofilariosis by using 
transthoracic echocardiography. Likewise, the A´ measure was  shown to be a 
poor indicator in estimating the presence of pulmonary hypertension in dogs 
with canine cardiopulmonary dirofilariosis. The HRI-IVCT, HRI-IVRT and R-TEI 
showed higher levels of efficiency in the detection of pulmonary hypertension in 
dogs parasitized by Dirofilaria immitis.
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5.2. Los resultados mostraron que las medidas de imagen de Doppler miocárdico, 
como E’, S, E’:A’, HRI-IVRT, HRI-IVCT, Global-TDI y R-TEI, discriminaron entre 
perros normotensos y perros con hipertensión pulmonar, y por lo tanto, pueden 
ser una herramienta alternativa útil para evaluar a pacientes con dirofilariosis 
cardiopulmonar mediante el uso de ecocardiografía transtorácica. Asimismo, la 
medida A’ se mostró como un indicador deficiente para estimar la presencia 
de hipertensión pulmonar en perros con dirofilariosis cardiopulmonar. Las 
medidas HRI-IVCT, HRI-IVRT y R-TEI mostraron niveles más altos de eficiencia 
en la detección de hipertensión pulmonar en perros parasitados por Dirofilaria 
immitis.

5.3. This study has shown that the longitudinal measurements studied in 
two-dimensional speckle tracking ecocardiography mode are useful for the 
determination of pulmonary hypertension in dogs parasitized by Dirofilaria 
immitis. According to obtained results, the GS, FWS and TAMD measurements 
can be considered as additional and alternative parameters to other conventional 
echocardiographic measurements for pulmonary hypertension estimation in 
canine heartworm disease. Optimized use for right ventricular analysis using the 
RV AFI® software has been effective in assessing myocardial strain percentage. 
Adequate statistical results were reported for the estimation of the presence of 
pulmonary hypertension and cut-off values were: GS ≥-21.25%, (Sen 96%,Sp 
86.4%), FWS ≥-21.95% (Sen 92.56%, Sp 95.5%) and TAMD ≤0.850 (Sen 70.4%, 
Sp 83.3%). 

5.3. Este estudio ha demostrado que las mediciones longitudinales estudiadas en 
el modo de ecocardiografía speckle tracking son útiles para la determinación de 
la hipertensión pulmonar en perros parasitados por Dirofilaria immitis. Según los 
resultados obtenidos, las mediciones de GS, FWS y TAMD pueden considerarse 
como parámetros adicionales y alternativos a otras mediciones ecocardiográficas 
convencionales para la estimación de la hipertensión pulmonar en la dirofilariosis 
cardiopulmonar. El uso optimizado para el análisis del ventrículo derecho 
utilizando el software RV AFI® ha sido efectivo en la evaluación del porcentaje de 
deformación miocárdica. Se informaron resultados estadísticos adecuados para 
la estimación de la presencia de hipertensión pulmonar y los valores de corte 
fueron: GS ≥-21,25%, (Sensibilidad 96%, Especificidad 86,4%), FWS ≥-21,95% 
(Sensibilidad 92,56%, Especificidad 95,5%) y TAMD ≤0,850 (Sensibilidad 70,4%, 
Especificidad 83,3%).







6. 
EXTENDED SUMMARY
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Dirofilaria immitis, a parasitic nematode causing cardiopulmonary heartworm 
disease, belongs to the Onchocercidae family and is the largest species among 
medically and veterinary significant filarids. Its life cycle involves an arthropod 
intermediate host, commonly mosquitoes, and exhibits a symbiotic relationship 
with Wolbachia pipientis. Canine cardiopulmonary dirofilariosis is globally 
distributed, with increasing prevalence due to climate change and vector habitat 
alterations (Bowman & Atkins, 2009; Anvari et al., 2020). In Spain, the prevalence 
is 6.25%, varying regionally, and the disease is expanding in the north (Montoya-
Alonso et al., 2022; Morchón et al., 2022). 

Clinical signs of heartworm disease range from mild cough to severe tachypnea, 
syncope, and cardiorespiratory shock. Diagnosis involves serological tests, 
microscopic examination for microfilariae, and auxiliary tests. Treatment 
complexity depends on disease severity, and a standard protocol includes 
melarsomine injections, doxycycline, and macrocyclic lactones (Carretón et al., 
2019; Pariaut et al., 2020).

D. immitis parasitosis induces a combination of acute and chronic immune 
responses in hosts, leading to a multisystem disorder affecting the lungs, heart, 
liver, and kidneys. The severity of lesions depends on factors such as nematode 
number, infection duration, and the host’s immune reaction. Adult forms are 
primarily found in the pulmonary vascular surface, with potential migration to the 
main PA, right heart, and vena cava in severe cases (Simón et al., 2015).

Pulmonary arterial pathology is central to Dirofilaria immitis-induced disease, 
resulting in functional and pathological alterations. Immunological responses, 
toxic substances, and physical trauma contribute to villous proliferation, 
inflammation, pulmonary hypertension, vascular integrity disruption, and fibrosis. 
Wolbachia pipientis exacerbates inflammatory reactions, leading to arterial 
lesions, peri-vascular inflammation, endothelial proliferation, and increased 
thrombus probability (McCall et al., 2008).

Pulmonary hypertension in D. immitis parasitosis involves two mechanisms: 
endothelial damage from parasites and hypertension due to pulmonary emboli 
or thromboembolism. Vascular endothelium thickening and lumen narrowing 

6.1.
State of the art
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cause blood flow obstruction and decreased PA distension capacity. Smaller 
vessels may be occluded by parasitic or thromboembolic emboli, contributing to 
PA dilation (Venco et al., 2014; Serrano-Parreño et al., 2017).

The pulmonary circulation functions in blood gas exchange, acts as a volume 
reservoir, and filters against thromboembolisms and respiratory infections. It 
operates at low pressure, with the RV pumping blood to the PA for gas exchange, 
and oxygenated blood returning to the left heart through PV. Unlike systemic 
circulation, pulmonary circulation has arteries carrying deoxygenated blood and 
veins returning oxygenated blood, with higher compliance, capacitance, and 
lower resistance. Local, hormonal, and neural controls regulate it. Pulmonary 
hypertension, marked by increased pulmonary vascular resistance and 
elevated arterial pressure, has various causes, including precapillary pulmonary 
hypertension in dogs with cardiopulmonary heartworm disease (Chan et al., 
2019; Reinero et al., 2020).

In humans, pulmonary hypertension diagnosis involves right heart catheterization. 
Still, this invasive procedure is not routinely feasible in veterinary practice due 
to cost, anesthesia risks, and time. Pulmonary hypertension in dogs may be 
precapillary or postcapillary, linked to increased blood flow, vascular resistance, 
or venous pressures. Echocardiography is crucial for non-invasive estimation, 
but its limitations include operator skill, equipment variability, and imprecision. 
Despite these challenges, it is essential for assessing clinical signs and guiding 
further diagnoses (Lang et al., 2015; Nijhawan et al., 2019; Reinero et al., 2020).

Pulmonary hypertension classification traditionally involves mild, moderate, 
or severe categories based on echocardiographic assessments. However, the 
international consensus suggests considering the clinical impact, and tricuspid 
regurgitation pressure gradient >46 mmHg is proposed for clinical definition. 
Standardizing the study of pulmonary hypertension is discouraging, emphasizing 
tailored methods and protocols for each pathological condition (Kellihan & 
Stepien, 2012; Visser et al., 2016; Reinero et al., 2020). Future research should 
explore reliable, repeatable, and non-invasive methods with high Sen and Sp for 
diagnosing pulmonary hypertension in veterinary medicine (Schober et al., 2006; 
Toaldo et al., 2016; Wolf et al., 2021).

The PV and PA exhibit dynamic changes in diameter during the cardiac cycle, 
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influenced by flow volume, intravascular pressure, and vascular compliance. 
Veterinarians traditionally assess these vessels to gain insights into the 
hemodynamic status of canine patients, comparing PV and PA sizes on 
radiographs, CT or echocardiography and evaluating their ratios, offering optimal 
results in assessing pulmonary hypertension (Birettoni et al., 2016) (Figure 14).

Recent studies, particularly using echocardiography, focus on the PV:PA ratio as 
a valuable index. The physiological relationship between PV and PA in healthy 
dogs approaches 1.0, and this ratio has been applied to predict CHF in both 
dogs and cats. This ratio, measured in both 2D and M-mode echocardiography, 
provides predictive value for CHF in dogs with myxomatous mitral valve disease. 
A PV:PA ratio of <1.8 at the end of the T-waves has been shown to be sensitive 
and specific for detecting CHF (Merveille et al., 2015). 

In cats, the PV:PA ratio has been used to discriminate those with CHF, showing 
higher accuracy compared to other measures. The ratio, obtained from a 
modified right parasternal long-axis view, using the inner-edge-to-inner-edge 
method, demonstrated its ability to differentiate between animals with CHF and 
those with subclinical heart disease. These findings suggest the potential clinical 
utility of the PV:PA ratio in identifying cardiac conditions in veterinary practice 
(Patata et al., 2019). Furthermore, recent studies have explored the application of 
the PV:PA ratio in identifying pulmonary hypertension in dogs. Results indicate its 
effectiveness as a non-invasive tool for diagnosing at least moderate precapillary 
pulmonary hypertension, with promising predictive value for the presence of 
moderate pulmonary hypertension and potential applications in assessing 
survival in specific canine conditions such as idiopathic pulmonary fibrosis (Roels 
et al., 2019; Roels et al., 2021).

*Figure 14. Representation of the 
echocardiographic measurement of the 
relationship between the pulmonary vein and 
the pulmonary artery (PV:PA ratio) by two-
dimensional method and by one-dimensional 
method. Right parasternal view of 4 cardiac 
chambers in dog with canine cardiopulmonary 
heartworm without pulmonary hypertension 
(A), and in a dog with canine cardiopulmonary 
heartworm disease with pulmonary 
hypertension (B).

* Own property image
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The PV:PA ratio obtained through various imaging techniques emerges as a 
valuable diagnostic tool in veterinary cardiology, offering insights into CHF and 
pulmonary hypertension in dogs and cats. This non-invasive approach holds 
promise for further applications in clinical practice, providing clinicians with an 
additional tool for assessing the cardiovascular status of their patients (Lee & 
Choi, 2022).

TDI revolutionized the quantitative evaluation of myocardial function in 
echocardiography since its introduction in 1989. TDI uses Doppler ultrasound to 
detect changes in the frequency of ultrasound signals reflected by moving cardiac 
structures, enabling the assessment of myocardial motion. TDI is particularly 
effective in evaluating the longitudinal component of myocardial contraction 
throughout the cardiac cycle. There are two main methods of obtaining TDI: 
pulsed-wave TDI and color tissue Doppler. Pulsed-wave TDI measures the 
longitudinal myocardial velocity peak of a single segment instantaneously, while 
color tissue Doppler allows simultaneous assessment of velocities from multiple 
sites but represents mean maximum velocity, being 25% lower than pulsed-
wave Doppler. The two methods are not interchangeable (Chetboul et al., 2007; 
Tidholm et al., 2009).

TDI provides valuable information on myocardial function by analyzing peaks 
during a cardiac cycle: positive systolic peak (S velocity), early diastolic relaxation 
(E’ velocity), and active atrial contraction (A’ velocity). Additionally, periods of 
isovolumetric contraction (IVCT) and relaxation (IVRT) can be identified (Figure 
15). TDI measurements have been extensively used in various cardiac conditions 
in small animals, including left and right ventricular systolic and diastolic 
dysfunction, dyssynchrony, and atrial function. TDI proves more sensitive than 
conventional echocardiography in detecting early myocardial alterations in both 
primary and secondary disorders (Boissiere et al., 2005; Toaldo et al., 2016).

*Figure 15. Representation of different 
patterns of tissue Doppler imaging in the right 
ventricle in the analysis of the presence of 
pulmonary hypertension. A: dog without canine 
cardiopulmonary heartworm, B: dog with 
canine cardiopulmonary heartworm without 
pulmonary hypertension. C: dog with canine 
cardiopulmonary heartworm disease with 
pulmonary hypertension.

* Own property image
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In particular, TDI has been employed in studying right ventricular function, an 
area often challenging to assess due to its retrosternal position. Parameters 
such as S velocity, E’ velocity, and A’ velocity have been studied in healthy dogs, 
demonstrating reproducibility and providing reference intervals. TDI has shown 
diagnostic value in dogs with pulmonary hypertension and predictive potential 
for dilated cardiomyopathy (Serres et al., 2007; Chetboul et al., 2007).

TDI is a powerful tool in echocardiography, offering detailed insights into 
myocardial function and proving particularly valuable in assessing conditions 
such as pulmonary hypertension in small animals. Despite its challenges, TDI’s 
sensitivity to early myocardial alterations makes it a key modality in both clinical 
screening and evaluating therapeutic interventions. However, TDI has limitations, 
including the difficulty in distinguishing active myocardial contraction from 
tethering effects and challenges associated with accurate positioning of the 
sample volume. Learning curves and variations in machine algorithms may affect 
TDI rates, and the interrogation angle plays a crucial role. High frame rates are 
necessary for accurate imaging, and cursor position can impact synchronization, 
especially in desynchrony studies. Interpretation of pulsed TDI traces may be 
challenging, especially at high heart rates (Koffas et al., 2006; Koening et al., 
2017).

Echocardiography is a key diagnostic tool in both veterinary and human medicine 
for cardiovascular assessment, but accurately evaluating cardiac mechanics 
is challenging due to myocardial geometry and functional complexities. 
Conventional echocardiography struggles to depict twisting motions and overall 
wall thickening, and it cannot distinguish active from passive myocardial segment 
movement. Speckle tracking echocardiography, a non-Doppler technique, 
overcomes these limitations (Feldhutter et al., 2021).

Speckle tracking uses computer software to analyze ultrasound images, 
identifying stable speckles as natural acoustic markers. It calculates motion and 
deformation parameters, including strain and strain rate, providing insights into 
myocardial mechanics. Strain, expressed as a percentage of change from the 
original length, reveals narrowing or shortening (negative values) or lengthening 
or thickening (positive values). Strain rate represents the average change in strain 
per unit of time (Hamabe et al., 2021).



100

The double helical structure of myocardial fibers is vital for efficient cardiac 
function, enabling simultaneous shortening in longitudinal and circumferential 
directions, resulting in a twisting motion that enhances energy efficiency. 
Ventricular motion involves various deformations, such as narrowing, shortening, 
lengthening, widening, and twisting, leading to alterations in shape (Locatelli et 
al., 2016; Chetboul et al., 2018).

Speckle tracking has been applied in veterinary cardiology, particularly in dogs. 
It assesses longitudinal strain in both left and right ventricles and, to a lesser 
extent, circumferential fiber strain. Studies suggest its sensitivity in detecting 
right ventricular dysfunction compared to conventional indices. However, its 
application in canine cardiopulmonary heartworm disease, a condition causing 
precapillary pulmonary hypertension, remains unexplored (Morita et al., 2017; 
Cavaino et al., 2020) (Figure 16).

*Figure 16. Representation of longitudinal endocardial strain analysis in the right ventricle of 
a patient with heartworm caval syndrome. The strain measurements determined by the speckle 
tracking method are longitudinal global strain (%), longitudinal free wall strain (%) and tissue 
motion annular displacement of the tricuspid valve (cm).

The process involves standardizing the assessment of mechanical events, with 
end diastole and end systole commonly identified as the beginning and end of 
the cardiac cycle. Speckle tracking provides reports on endocardial deformation, 
often dividing the ventricular wall into segments for analysis. Despite its promise, 

* Own property image
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the clinical utility of strain measurements is under scrutiny. Challenges include 
the need for high-quality image streams, time-intensive post-processing, and 
variations in software, leading to potential discrepancies in clinical outcomes. 
Additionally, strain measurement requires expertise to assess output validity, 
hindering routine use in standard cases. Despite these challenges, speckle 
tracking offers valuable insights into cardiac mechanics, making it a promising 
tool for evaluating cardiac function (Visser et al., 2017; Morita et al., 2019).

6.2.
Objectives

1. Structural changes in the pulmonary vasculature reflect cardiorespiratory 
hemodynamic alterations. Assessment of pulmonary vein (PV) and 
pulmonary artery (PA) diameter in dogs and cats has previously been 
shown to be a valuable echocardiographic index. It was proposed to 
evaluate the relationship between the PV and PA (PV:PA) in dogs affected 
by cardiopulmonary dirofilariosis with the hypothesis that there must be a 
direct association with the presence or absence of pulmonary hypertension. 
Likewise, the investigation between the echocardiographic methods of 
determination, two-dimensional and one-dimensional mode, was analyzed 
to determine the degree of correlation between both measurements.

2. Tissue Doppler imaging (TDI) has been widely used in veterinary medicine to 
evaluate cardiac functionality. It was proposed to evaluate the hemodynamic 
changes that could be detected by TDI in the right heart chambers of dogs 
affected by cardiopulmonary dirofilariosis with the hypothesis that the 
determinations could be a useful tool for the evaluation of the presence 
of pulmonary hypertension in the animals analyzed. Thus, the objective of 
this study was to evaluate the usefulness of the measurements obtained 
by echocardiographic examination in TDI mode (E’, A’, S, E’:A’, Global 
TDI, HRI-IVCT, HRI-IVRT, R-TEI ), to detect the presence of pulmonary 
hypertension in dogs infected by Dirofilaria immitis.
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3. Two-dimensional speckle tracking echocardiography has improved the 
assessment of cardiac functionality by being able to analyze specific 
segments of the ventricular myocardium influenced by diverse phenomena 
such as pulmonary hypertension. Therefore, due to the high percentage of 
canine patients who suffer from canine cardiopulmonary dirofilariosis and 
generate pulmonary hypertension, it is essential to know the diagnostic 
value of the longitudinal strain of the right ventricle (GS and FWS) and 
the measurements of the annular displacement of the tricuspid movement 
(TMAD) using two-dimensional speckle tracking echocardiography. 
The objective was to evaluate the usefulness of GS, FWS and TMAD 
measurements in a group of dogs infected with heartworm to determine 
the cut-off values to estimate the presence of pulmonary hypertension.

6.3.
Scientific publications

6. 3. 1. Echocardiographic Assessment Of The Pulmonary Vein To 
Pulmonary Artery Ratio In Canine Heartworm Disease

Background:
Dirofilaria immitis infection in dogs results in proliferative pulmonary endarteritis 
and pulmonary thromboembolism, causing irreversible structural damage and 
sustained precapillary pulmonary hypertension (PH). This study aimed to evaluate 
the diagnostic efficacy of the pulmonary vein to pulmonary artery ratio (PV:PA 
ratio) in identifying moderate or severe PH (>50 mmHg) in heartworm-infected 
dogs. 

Methods:
The study included 151 naturally infected and 66 healthy dogs. PH presence/
absence was determined by the right pulmonary artery distensibility index (RPAD 
index <29.5%), and the PV:PA ratio was measured using both time–motion mode 
(M mode) and two-dimensional mode (2D mode) echocardiography. Other 
echocardiographic parameters were also examined (pulmonary trunk to aorta 
ratio, tricuspid regurgitation pressure gradient, and AT:ET ratio). 
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Results: 
Results revealed a strong positive correlation between M and 2D modes’ PV:PA 
ratios (r = 0.928). The M mode’s PV:PA ratio emerged as the strongest predictor 
for RPAD index (R2 0.628, p < 0.0001) with high diagnostic accuracy (AUC = 0.99). 
Similarly, the 2D mode’s PV:PA ratio demonstrated significant predictive capability 
for the RPAD index (R2 0.606, p < 0.0001) with good diagnostic accuracy (AUC = 
0.98). Both M and 2D modes’ PV:PA ratios decreased significantly in the presence 
of PH. A cut-off value of 0.845 exhibited high sensitivity and specificity for both 
M mode (97% and 94%, respectively) and 2D mode (96% and 93%, respectively).
 
Conclusion: 
In conclusion, the PV:PA ratio serves as a valuable complementary diagnostic 
tool for estimating moderate or severe PH in heartworm-infected dogs.

6. 3. 2. Usefulness of Tissue Doppler Imaging for the Evaluation of 
Pulmonary Hypertension in Canine Heartworm Disease

Background:
Dirofilaria immitis, a nematode causing proliferative pulmonary endarteritis in 
dogs, leads to severe and irreversible structural damage in pulmonary arteries, 
resulting in sustained pulmonary hypertension (PH). This condition can contribute 
to significant cardiorespiratory disorders. This study aimed to evaluate the 
diagnostic utility of echocardiography tissue Doppler imaging (TDI) in identifying 
PH in dogs with heartworm disease.

Methods:
The study included 116 heartworm-infected dogs with PH and 33 healthy dogs. 
PH was determined based on the right pulmonary artery distensibility index 
(RPADi) <29.5%, indicating its presence in 47.4% of infected dogs. Alternative 
standard echocardiographic measures for PH estimation were also employed. 
TDI was used for eight echocardiographic measurements (E´, A´, S, E´:A´, global 
TDI, HRI-IVCT, HRI-IVRT, R-TEI) to assess its diagnostic efficacy.

Results:
TDI measurements revealed significant differences between dogs with and 
without PH, displaying a positive correlation with RPADi. Furthermore, cut-off 
values for excellent sensitivity and specificity were identified for E´:A´, global TDI, 
HRI-IVCT, HRI-IVRT, and R-TEI in detecting PH.
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Conclusion:
The TDI mode emerges as a valuable adjunct diagnostic tool for identifying PH 
in dogs with Dirofilaria immitis, providing additional insights into the assessment 
of this cardiovascular condition.

6. 3. 3. Right ventricle strain assessed by 2-dimensional speckle 
tracking echocardiography (2D-STE) to evaluate pulmonary 
hypertension in dogs with Dirofilaria immitis

Background:
Echocardiographic assessment of the right ventricle is crucial for analysing 
the pathophysiology of heartworm disease and determining the presence of 
pulmonary hypertension (PH) in patients. In veterinary cardiology, the study 
of myocardial deformation using two-dimensional speckle tracking (2D-STE) 
echocardiography has become increasingly acknowledged as essential for 
quantifying right ventricular function. Therefore, the aim of this study was to 
evaluate the usefulness of myocardial deformation of the right ventricular free 
wall (FWS), global deformation of the right ventricle, including the interventricular 
septum (GS) and tissue motion annular displacement of the tricuspid valve 
(TMAD) in a cohort of dogs with heartworm disease (Dirofilaria immitis), and to 
determine cut-off values for detecting the presence of PH. 

Methods:
Out of 93 dogs tested, 71% were diagnosed with heartworm infection, while PH 
was identified in 41% of the infected canines by assessing the distensibility index of 
the right pulmonary artery (RPADi <30%). Other conventional echocardiographic 
measurements were determined to estimate cardiac function and detect PH. 
The 2D-STE mode measurements were determined using the Right Ventricular 
Automated Function Imaging (RV AFI®) software. 

Results:
The statistical analysis showed significant differences in the studied parameters 
among dogs with and without PH. Additionally, high sensitivity (sen) and 
specificity (sp) cut-off values were obtained (GS ≥-21.25%, sen 96%, sp 86.4%; 
FWS ≥-21.95%, sen 92.56%, sp 95.5%; TMAD ≤0.85cm, sen 70.4%, sp 83.3%). 
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Conclusion:
These results demonstrated that GS, FWS, and TMAD could be used as 
supplementary and alternative parameters to conventional echocardiographic 
measurements when detecting PH in dogs with heartworm disease.

6.4. 
Conclusions

1. Echocardiographic measurement of the pulmonary vein to pulmonary 
artery ratio was able to discriminate between dogs without pulmonary 
hypertension (healthy or infected with Dirofilaria immitis) and dogs infected 
with heartworms with pulmonary hypertension. Therefore, the pulmonary 
vein to pulmonary artery ratio may be a useful tool to echocardiographically 
evaluate vascular status in patients with heartworm disease. The pulmonary 
vein to pulmonary artery ratio ratio of 0.845, in both the one-dimensional 
and two-dimensional modes, suggested an acceptable cut-off value to 
differentiate between dogs with pulmonary hypertension and dogs without 
pulmonary hypertension. 

2. The results showed that the tissue Doppler imaging measures of E´, S, 
E´:A´, HRI-IVRT, HRI-IVCT, Global-TDI and R-TEI discriminated between 
normotensive and dogs with pulmonary hypertension and, therefore, can 
be a useful alternative tool to evaluate patients with heartworm by using 
transthoracic echocardiography. Likewise, the A´ measure was  shown to 
be a poor indicator in estimating the presence of pulmonary hypertension 
in dogs with canine cardiopulmonary dirofilariosis. The HRI-IVCT, HRI-IVRT 
and R-TEI showed higher levels of efficiency in the detection of pulmonary 
hypertension in dogs parasitized by Dirofilaria immitis.
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3. This study has shown that the longitudinal measurements studied in 
two-dimensional speckle tracking ecocardiography mode are useful for 
the determination of pulmonary hypertension in dogs parasitized by 
Dirofilaria immitis. According to obtained results, the GS, FWS and TAMD 
measurements can be considered as additional and alternative parameters 
to other conventional echocardiographic measurements for pulmonary 
hypertension estimation in canine heartworm disease. Optimized use for 
right ventricular analysis using the RV AFI® software has been effective in 
assessing myocardial strain percentage. Adequate statistical results were 
reported for the estimation of the presence of pulmonary hypertension 
and cut-off values were: GS ≥-21.25%, (Sen 96%,Sp 86.4%), FWS ≥-21.95% 
(Sen 92.56%, Sp 95.5%) and TAMD ≤0.850 (Sen 70.4%, Sp 83.3%).







7. 
SIMPLE SUMMARY
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Dirofilaria immitis, a parasitic nematode causing canine cardiopulmonary dirofilariosis, is 
prevalent globally, with increasing cases due to climate change. In Spain, the prevalence 
is 6.25%, varying regionally. Clinical signs range from mild cough to severe respiratory 
distress. Diagnosis involves serological tests, microscopic examination, and auxiliary 
tests. Treatment includes melarsomine injections, doxycycline, and macrocyclic lactones.

The parasitosis induces acute and chronic immune responses, affecting multiple organs. 
Pulmonary arterial pathology is central, leading to villous proliferation, inflammation, 
and pulmonary hypertension. Wolbachia pipientis exacerbates inflammatory reactions. 
Pulmonary hypertension involves endothelial damage and hypertension due to emboli 
or thromboembolism, causing blood flow obstruction and vessel dilation.

The pulmonary circulation in dogs with heartworm disease experiences increased 
pulmonary vascular resistance and elevated arterial pressure, leading to pulmonary 
hypertension. Diagnosis involves echocardiography, but challenges include operator skill 
and imprecision. Despite challenges, non-invasive methods for diagnosing pulmonary 
hypertension in veterinary medicine are crucial. Currently research are focus on reliable, 
repeatable, and non-invasive methods with high sensitivity and specificity. 

Structural Changes in Pulmonary Vasculature:
The study aimed to evaluate the relationship between the pulmonary vein and pulmonary 
artery in dogs with cardiopulmonary dirofilariosis, assessing its potential association 
with pulmonary hypertension. Echocardiographic measurement of the pulmonary vein 
to pulmonary artery ratio effectively distinguished dogs with pulmonary hypertension, 
suggesting a cut-off value of 0.845 in both one-dimensional and two-dimensional modes.

Tissue Doppler Imaging:
The research focused on using tissue Doppler imaging to assess hemodynamic changes 
in the right heart chambers of dogs with cardiopulmonary dirofilariosis. Various tissue 
Doppler imaging parameters, including E’, A’, S, E’:A’, Global TDI, HRI-IVCT, HRI-
IVRT, and R-TEI, were examined for their utility in detecting the presence of pulmonary 
hypertension. Notably, the majority of parameters showed efficiency in discriminating 
between normotensive and hypertensive dogs.

Two-Dimensional Speckle Tracking Echocardiography:
The study explored the diagnostic value of two-dimensional speckle tracking 
echocardiography in dogs with cardiopulmonary dirofilariosis. Longitudinal measurements, 
such as Global Strain, Free Wall Strain, and Tissue Motion Annular Displacement, were 
investigated to determine cut-off values for estimating the presence of pulmonary 
hypertension. The RV AFI® software for right ventricular analysis was found effective, 
providing specific cut-off values for each parameter in detecting pulmonary hypertension 
by assessing myocardial strain percentage.
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Dirofilaria immitis, un nematodo que causa la dirofilariosis cardiopulmonar en perros, 
es prevalente a nivel mundial, con un aumento de casos debido al cambio climático. 
En España, la prevalencia es del 6,25%, variando regionalmente. Los signos clínicos van 
desde una tos leve hasta una disnea severa. El diagnóstico incluye pruebas serológicas, 
examen microscópico y pruebas auxiliares. El tratamiento incluye inyecciones de 
melarsomina, doxiciclina e lactonas macrocíclicas.

La parasitosis induce respuestas inmunológicas agudas y crónicas, afectando a múltiples 
órganos. La patología arterial pulmonar es central, provocando endoarteritis pulmonar 
proliferativa, inflamación e hipertensión pulmonar. Wolbachia pipientis exacerba 
las reacciones inflamatorias. La hipertensión pulmonar implica daño endotelial e 
hipertensión debido a émbolos o tromboembolismos, causando obstrucción del flujo 
sanguíneo y dilatación vascular.

La circulación pulmonar en perros con dirofilariosis cardiopulmonar experimenta un 
aumento de la resistencia vascular pulmonar y una elevación de la presión arterial, lo 
que lleva a la hipertensión pulmonar. El diagnóstico implica la ecocardiografía, pero 
los desafíos incluyen la habilidad del operador y la imprecisión de las mediciones. A 
pesar de ello, los métodos no invasivos para diagnosticar la hipertensión pulmonar 
en medicina veterinaria son cruciales. La investigación actual se centra en métodos 
confiables, repetibles y no invasivos con alta sensibilidad y especificidad.

Cambios Estructurales en la Vasculatura Pulmonar: 
El estudio tuvo como objetivo evaluar la relación entre la vena pulmonar y la arteria 
pulmonar en perros con dirofilariosis cardiopulmonar, evaluando su posible asociación 
con la hipertensión pulmonar. La medición ecocardiográfica de la relación vena pulmonar 
y arteria pulmonar distinguió eficazmente a perros con hipertensión pulmonar, sugiriendo 
un valor de corte de 0,845 en modos unidimensional y bidimensional.

Imagen de Doppler Miocárdico: 
La investigación se centró en el uso de la imagen de Doppler miocárdico para evaluar 
cambios hemodinámicos en las cámaras cardíacas derechas de perros con dirofilariosis 
cardiopulmonar. Se examinaron varios parámetros de imagen de Doppler miocárdico, 
incluyendo E’, A’, S, E’:A’, Global TDI, HRI-IVCT, HRI-IVRT y R-TEI, para determinar 
su utilidad en la detección de la presencia de hipertensión pulmonar. Notablemente, 
la mayoría de los parámetros mostraron eficiencia para discriminar entre perros 
normotensos e hipertensos.

Ecocardiografía Bidimensional Speckle Tracking: 
El estudio exploró el valor diagnóstico de la ecocardiografía bidimensional Speckle 
Tracking en perros con dirofilariosis cardiopulmonar. Se investigaron mediciones 
longitudinales, como la deformación global, la deformación de la pared Libre y el 
desplazamiento anular del movimiento tricúspide, para determinar valores de corte para 
estimar la presencia de hipertensión pulmonar. El software RV AFI® para el análisis del 
ventrículo derecho resultó efectivo, proporcionando valores de corte específicos para 
cada parámetro en la detección de la hipertensión pulmonar mediante la evaluación del 
porcentaje de deformación miocárdica.
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