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Diagnosing the causes behind dyspnea in cats can be a great challenge for veterinarians. 
Efficient diagnostic methods are needed to reach the correct diagnosis in these fragile cats 
for adequate treatment. The aim of the study was to analyze the utility of NT-proBNP 
analysis as part of the diagnostic plan for cats, especially in dyspneic cats. Data was 
collected from the Small Animal Clinic of Estonian University of Life Sciences patient 
database Provet Cloud on cats who were admitted to the veterinary clinic’s emergency 
admission during the period of 01.02.2019-01.02.2020. The keywords ‘cat’ and ‘proBNP’ 
were used to search for the data. Any cats whose NT-proBNP results were not available 
were excluded from the study. The study population was small (n=45). 
Among the cats with an abnormal NT-proBNP result, the proportion of males was 65.0% 
which corresponds to the findings in previous studies.  
A statistically significant correlation was found between elevated kidney results and 
abnormal NT-proBNP result (p=0.03). Previous studies have shown that compromised 
kidney function can affect the NT-proBNP result and elevation in creatinine in dogs was 
correlated with a higher NT-proBNP concentration. More cats with an abnormal NT-
proBNP result received furosemide compared to the cats with a normal result and a 
statistically significant correlation was found between abnormal NT-proBNP result and 
furosemide administration (p=0.01). Only cats with an abnormal NT-proBNP result were 
examined by a cardiologist and majority were diagnosed with a cardiac disease (83.3%). 
More studies with larger populations are indicated for more reliable results on NT-proBNP 
analysis and its correlation with patient characteristics, blood results and treatment in 
dyspneic cats. 
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Hingamisraskuste algpõhjuste tuvastamine kassidel võib olla loomaarstidele tõsiseks 
väljakutseks. Habraste kasside käsitlemisel ja õige diagnoosini jõudmiseks on vajalikud 
efektiivsed diagnostilised meetodid. Uurimustöö eesmärk oli analüüsida NT-proBNP 
analüüsi kasulikkust kasside, eeskätt hingamisraskustega kasside, diagnostilises plaanis. 
Andmed koguti Eesti Maaülikooli Väikeloomakliiniku andmebaasist Provet Cloud 
ajavahemikus 01.02.2019-01.02.2020. Uurimustöösse kaasati kassid, kellega pöörduti 
loomakliiniku esmaabi vastuvõttu. Andmete kogumisel kasuti märksõnasid: “kass” ja 
“proBNP”. Kassid, kelle NT-proBNP tulemus ei olnud kajastatud arvati uurimustööst 
välja. Uurimustöösse kaasatud kasside populatsioon oli väike (n=45). 65.0% isastel 
kassidel tuvastati ebanormaalne NT-proBNP tulemus, mis sarnaneb varasemate uuringute 
tulemustega. Statistiliselt oluline korrelatsioon tuvastati tõusnud neeru näitajate ja 
ebanormaalse NT-proBNP tulemuse vahel (p=0.03). Varasemad uuringud on näidanud, et 
häirunud neeru funktsioon mõjutab NT-proBNP tulemust ning koertel on leitud 
korrelatsioon kreatiniini tõusu ja kõrgema NT-proBNP tulemuse vahel. Võrrelduna 
kassidega, kelle NT-proBNP tulemus oli normaalne, said kassid ebanormaalse tulemusega 
enam furosemiidi ravi ning uurimustöös tuvastati korrelatsioon ebanormaalse NT-proBNP 
tulemuse ja furosemiidi manustamise vahel (p=0.01). Üksnes kasse, kellel esines 
ebanormaalne NT-proBNP tulemus, uuriti kardioloogi poolt ning enamusel diagnoositi 
kardioloogiline haigus (83.3%). 
Tulevikus on soovitatav läbi viia täiendavaid uuringuid suuremates uuringu gruppides 
hindamaks NT-proBNP korrelatsiooni kasside kliinilisi iseloomutunnuseid, vere tulemusi 
ja ravi hingamisraskustega kassidel. 
Märksõnad: hingamisraskus, kass, diagnostiline meetod, kardioloogiline biomarker, NT-
proBNP 
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ABBREVIATIONS AND SYMBOLS 

 

Ao aorta 

ARVC arrhythmogenic right ventricular cardiomyopathy 

C-BNP C-terminal fragments 

CHF congestive heart failure 

CO2 carbon dioxide 

DCM dilated cardiomyopathy 

EDTA ethylenediaminetetraacetic acid 

ELISA enzyme-linked-immunosorbent assay 

FIP feline infectious peritonitis 

HCM hypertrophic cardiomyopathy 

LA left atrium 

LVIDd left ventricular internal diameter end diastole 

NP natriuretic peptide 

NT-proBNP N-terminal pro b-type natriuretic peptide 

RAAS renin-aldosterone-angiotensin-system 

RCM restrictive cardiomyopathy 

UCM unclassified cardiomyopathy 

TFAST thoracic focused assessment with sonography for trauma, triage, and tracking 

TT4 Total Thyroxine 

VHS vertebral heart score 
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INTRODUCTION 
 
 
Cats with dyspnea are commonly presented to emergency service (Wurtinger et al., 2017). 

There are various underlying causes for dyspnea including congestive heart failure, lymphoma, 

feline allergic airway disease, bacterial bronchopneumonia, feline infectious peritonitis, 

pyothorax, idiopathic chylothorax and neoplasia (Wurtinger et al., 2017; Connolly et al., 2009).  

 

Dyspnea as a symptom is defined as tachypnea (abnormally rapid respiratory rate), open mouth 

breathing, paradoxical breathing pattern, stridor, stertor, or combinations of these (Connolly et 

al., 2009).  

 

Diagnosing cats with dyspnea may be a significant challenge in practice. Domestic cats live a 

passive life which leads to cardio-respiratory diseases to remain unnoticed until in an advanced 

state and the patients in critical condition (Connolly et al., 2009). 

 

In addition to basic diagnostic methods (anamnesis, clinical examination, radiography, 

ultrasonography), biomarkers have shown to be beneficial as diagnostic markers in human 

medicine. Pro brain natriuretic peptide (ProBNP) is synthesized in the heart and in humans it 

has been found to be significantly associated to the severity of heart failure (Arteaga et al., 

2005).  

 

Managing and treating heart failure supported by proBNP-guided therapy in addition to 

standard treatment has led to less adverse events and superior outcomes in humans (Pierce et 

al., 2017). 

 

In cats proBNP has been studied and the biomarker may carry value as an additional diagnostic 

method in dyspneic cats. 

 

The study aimed to describe the utility of NT-proBNP analysis and to observe whether the 

results correlate with the outcome or treatment of the cat. Additionally, it was studied whether 

any correlations were seen with NT-proBNP result and cats` age, sex, or breed. Moreover, the 
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study observed whether clinical signs related to respiratory or cardiac conditions could be 

associated with the NT-proBNP results and whether elevated kidney values or thyroid 

hormones could be associated with NT-proBNP result in the blood. The study will finally 

observe how many cats were later examined by cardiologist and how many were confirmed 

with a cardiac diagnosis. 

 

The hypotheses for this study were: 

1) Cats with abnormal NT-proBNP result were more likely to be purebred. 

2) Cats with elevated kidney values were more likely to have an abnormal NT-proBNP 

result. 

3) In cats with abnormal NT-proBNP result, similarities in treatment protocols are found. 

4) Cats with abnormal NT-proBNP were more likely not to be discharged (euthanized or 

died). 
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1. BIOMARKER PROBNP IN DYSPNEIC CATS: LITERATURE 
REVIEW 

 

1.1.Dyspneic cats in clinical practice 

 

Early clinical signs of dyspnea can be challenging for cat owners to recognize until the 

symptoms have become severe. Therefore, these cats are often presented as acute emergency 

patients. Dyspnea is defined as difficulty or labored breathing, tachypnea, open mouth 

breathing, paradoxical breathing pattern, stridor, stertor, or combinations of these (Connolly et 

al., 2009; Tseng et al., 2000).  

 

The passive lifestyle of domestic cats causes cardio-respiratory diseases to often remain 

unnoticed before they are in an advanced stage and the animal in critical condition (Connolly 

et al., 2009). Cats with pleural effusion resulting in dyspnea are commonly presented to an 

emergency service. Common underlying causes include congestive heart failure (CHF), feline 

infectious peritonitis (FIP), pyothorax, neoplasia and idiopathic chylothorax (Wurtinger et al., 

2017). In another study, the underlying causes behind non-cardiac dyspnea (from the most to 

the least frequent) were found to be lymphoma, feline allergic airway disease, pulmonary 

adenocarcinoma, pyothorax, idiopathic chylous effusion, thymoma, bacterial 

bronchopneumonia, nasal adenocarcinoma, nasopharyngeal stenosis, hemorrhagic pleural 

effusion, chronic bronchitis, nasopharyngeal polyp, infectious rhinitis, laryngeal mass and 

pleural effusion due to FIP (Connolly et al., 2009). 

 

In a study carried out on 108 cats in the United Kingdom presented to first-opinion practices 

for having acute dyspnea, 65% of the cats were diagnosed with a definitive cardiac disease, 

16% with a definitive respiratory disease, 8% with a definitive traumatic cause, and 11% with 

a definitive neoplastic disease. Among the cats that reached a diagnosis, the median age for cats 

with cardiac disease was 11.6 and for cats with neoplasia 11.8 years, for respiratory and 

traumatic cause median age were 8 and 3 years, respectively. Gender distribution was 63% of 

males with cardiac disease, 47% of males with respiratory disease, 28% of males with traumatic 

disease and 50% of males for neoplastic disease. In all causes the most common breed was 

Domestic (Dickson et al., 2017). 
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In a retrospective study conducted on 90 cats with identified dyspnea, the most frequent 

diagnosis was cardiac disease in 38% of cases, with respiratory diseases following in 32% of 

the cases, followed by neoplastic and traumatic conditions (Swift et al., 2009). 

 

82% of the cats with cardiac diseases had an acquired disease and 12% had a congenital cardiac 

disease. Most of the acquired cardiac disease cases were diagnosed with hypertrophic 

cardiomyopathy (HCM) or unclassified myopathy (UCM). 87% of cats with HCM survived to 

be discharged and a significantly lower per cent, 54% of the cats with non-hypertrophic forms 

of cardiomyopathy, survived to be discharged (Swift et al., 2009). 

 

In the respiratory group, 34% cases were found to be infective (FIP, pyothorax, upper 

respiratory tract infection, lower respiratory tract infection) and 55% cases were non-infectious 

(feline asthma/chronic bronchial disease, laryngeal paralysis, tracheal foreign body, tracheal 

stenosis, reverse sneezing, polyp, rhinitis and pulmonary thromboembolism) (Swift et al., 

2009). 

 

Among the cats diagnosed with neoplasia, the most common diagnosis was lymphoma (50%), 

while other cases were individual cases of thymoma, bronchogenic carcinoma, heart base 

tumor, tracheal tumor of epithelial origin, squamous cell carcinoma and nasal adenocarcinoma. 

In the traumatic group the cats had injuries including pneumothorax, diaphragmatic rupture, 

tracheal avulsion, and pleural hemorrhage (Swift et al., 2009). 

 

Cats with neoplasia were found to be significantly older than the ones in the other groups. Cats 

with respiratory or neoplastic diagnosis had a significantly longer period of having symptoms 

before presented than those with cardiac disease or trauma. All cats presented with trauma and 

74% of the cardiac cases were emergencies and only 32% of the respiratory cases were 

emergencies (Swift et al., 2009).  

 

 

1.2.Cardiac disease in cats 

 

The most common causes for cardiac diseases in cats were mentioned in the previous chapter. 

Additionally, other common causes for cardiac enlargement in cats include hyperthyroidism 
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and systemic hypertension. HCM in an advanced stage results in dyspnea due to pleural effusion 

or pulmonary edema or acute bilateral paralysis of hind limbs due arterial thrombosis. HCM 

can be asymptomatic (Tominaga et al., 2011). The proportion of cats with HCM dying for 

cardiac reasons was found to be 37% to 81% depending on the proportion of clinical signs at 

diagnosis. Survival times have been reported to be much longer in asymptomatic cats than in 

those with clinical signs (Chetboul, 2017). 

 

Primary myocardial diseases are the most common cardiac disorder found in cats. In a study, 

68% of cats with a cardiac disease were diagnosed with HCM.  

 

The World Health Organization classified cardiomyopathies into 5 categories in 1995. The 

categories are HCM, restrictive cardiomyopathy (RCM), dilated cardiomyopathy (DCM), 

arrhythmogenic right ventricular cardiomyopathy (ARVC) and UCM (Chetboul, 2017). 

 

HCM is defined a hypertrophy of the left or of both ventricles. It is characterized as an increased 

cardiac mass (hypertrophy of the ventricle) without an evident cause for it. HCM is mostly 

found in male cats and most of the cases are found in Domestic breed. Diagnosis is usually done 

at middle age. In humans, HCM is a familial disease at least in half of the cases and a causative 

mutated gene for HCM have been found in Maine Coons and Ragdolls and have been reported 

or suggested in many other cat breeds (Chetboul, 2017). 

 

Most cats show no clinical signs at the time of diagnosis of HCM and the disease is first detected 

as an abnormal auscultation of the heart. Cardiac auscultation is abnormal in most cats with 

HCM. If there are symptoms, they are mainly related to CHF, such as tachypnea and dyspnea. 

Survival times of CHF cats vary greatly. 

 

RCM is the second most common primary cardiomyopathy in cats. It is characterized as 

myocardial or endomyocardial scarring (fibrosis). Due to the similar histopathologic findings 

found in RCM as in HCM, it has been suggested that RCM could be the phenotypic expression 

of a mutation in sarcomeres. Mutated genes causing RCM have not yet been found. In two 

different studies done on cats with RCM, the mean age at diagnosis was found to be 10 years. 

Studies have shown different sex distributions among different populations. Most of the cats 

are Domestic Shorthair but no familial link has been found (Chetboul, 2017). 
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Almost all cats have clinical signs at the time of diagnosis of RCM. The symptoms are in most 

cases related to CHF. The most common clinical sign was dyspnea. 16% of the cats diagnosed 

with RCM were asymptomatic at the time of diagnosis, referred to echocardiography for having 

cardiac murmur or arrhythmias. The overall prognosis is poor. 

 

DCM is characterized as a dilated left ventricle or both ventricles and systolic dysfunction. 

Currently the prevalence is 5-10% of primary cardiomyopathies in cats. Previously DCM was 

found to be the second most common feline heart disease. The prevalence has decreased since 

it was understood that most cases were secondary to taurine deficiency and the number of cases 

dramatically decreased after starting to supplement commercial feline foods with taurine. In 

humans and in Doberman Pinschers dogs, genetic causes for dilated cardiomyopathy have been 

found. No causal mutation in cats has been detected although genetic involvement has been 

found in a large colony of Domestic Short hair cats (Chetboul, 2017). 

 

The mean age at diagnosis in studies were 9.1 years and, in another study, 10 years. Most cats 

have signs of CHF at the time of diagnosis, in most cases including dyspnea due to pleural 

effusion and/or pulmonary edema and ascites. Signs of hypotension were found in more than 

half of the cases. The survival time in DCM is the shortest among all primary cardiomyopathies 

in cats. One study showed a median survival time of 11 days. 

 

ARVC is characterized as right ventricle dysfunction, caused by fibro-patty replacement of the 

myocytes. The condition leads to ventricular tachyarrhythmias and an increased risk in sudden 

death. It has been shown to be caused by a genetic mutation in humans and in dogs but in cats 

no genetic background has been proven. Most cats are middle-aged at diagnosis. No breed or 

sex predisposition has been found. At presentation most cats show clinical symptoms of right-

sided CHF. Some patients present with syncope related to ventricular tachyarrhythmias. Cats 

may remain asymptomatic before the onset of symptoms. The disease can be diagnosed in 

asymptomatic cats with abnormalities in cardiac auscultation referred to cardiac 

echocardiography. The overall prognosis is poor (Chetboul, 2017). 

 

UCM cats have cardiac ultrasonographic findings that do not fit in any other classifications of 

feline primary cardiomyopathies (Chetboul, 2017). 
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1.3.Clinical findings 

 

1.3.1.Cardiac auscultation 
 

Clinical signs of cardiac disease may be unspecific. Having a cardiac murmur does not indicate 

the severity of a lesion (Tominaga et al., 2011; de Lima et al., 2017).  

In Ward’s study up to 40% of cats with CHF didn’t have a murmur when brought to the 

emergency service with the complaint of dyspnea (Ward et al., 2018). 

 

In Swift’s et al. study, cardiac murmurs and gallops were significantly more likely in the cardiac 

diagnosis group than in the other groups. An audible systolic cardiac murmur was found in 65% 

of the cardiac cases and diastolic gallops were present in 43%. Heart murmurs or gallops were 

found in 24% of the cats with respiratory diagnosis but none were found in the neoplastic or 

traumatic groups. Survival to discharge was higher in respiratory group (76%) than in the 

cardiac group (63%). (Swift et al., 2009). 

 

In Dickson’s study only cats with CHF had gallop sounds recognized in auscultation. Cats with 

CHF had also lower temperatures rectally measured and higher respiratory rates compared to 

the cats with non-cardiac cause of dyspnea. Out of the cats reaching a cardiac diagnosis, 42% 

had open mouth breathing and 13% of the cats with respiratory diagnosis had open mouth 

breathing in clinical examination. Murmur was found in the clinical examination in 23% of the 

cats with cardiac diagnosis and in 7% of the cats with respiratory diagnosis (Dickson et al., 

2017). 
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1.3.2.Breathing patterns 
 

In a normal state, respiratory movement are effortless and for an untrained observer 

unnoticeable. There is no muscular effort in expiration. When any component of the respiratory 

system is altered, adjustments are made to decrease the workload before muscle fatigue or 

failure occurs. These adjustments consist of postural and behavioral changes, changes in the 

muscle recruitment used for breathing and changes in the pattern of breathing. 

 

Early adjustments include straightening the head and neck to reduce flexion in pharynx and 

larynx areas and avoiding swallowing and other behavior narrowing the airways. Open mouth 

breathing is readily performed by dogs but less often in cats. Cats might continue nasal 

breathing even until respiratory failure in cases of nasal obstruction. Animals will often also 

become quiet and inactive to decrease their oxygen requirement (Hendricks, J., 2004). 

 

Animals might sit with their forelimbs abducted. This sitting position can decrease the workload 

by preserving the tension in the diaphragm in conditions such as pleural effusion when the 

diaphragm moves caudally. Abducted forelimbs let the rib cage move freely cranially and 

laterally. Animals with dyspnea also will often avoid restraint compressing the ribcage and 

lying down. Animals often swallow air as the inspiratory effort is increased and this can cause 

obvious abdominal distention and distention of the esophagus. 

 

The laryngeal abductor muscles, cervical muscles and intercostal muscles can be used when 

inspiratory effort increases. The use of these muscle is difficult to assess in an awake patient 

and therefore, abduction of the alae nasi is often the first postural change to be appreciated. 

Animals might protrude their tongue from the mouth, mandible might be pushed down, and lips 

retracted during each respiratory cycle. Recruitment of abdominal muscles might be visible and 

in a longhaired or/and overweight animal this might be examined by palpation (Hendricks, J., 

2004). 

 

Abnormal thoracic contents cause the central tendon of the diaphragm to move caudally and, if 

in an advanced state, inspiratory movement of the diaphragm will start collapsing the rib cage 

instead of expanding it and this will cause the “paradoxical breathing” pattern. This situation is 

associated with a greatly increased workload of the respiratory system and the cause needs to 

be treated or mechanical ventilation taken over. 
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The respiratory pattern changes can be an increase or decrease in frequency, a change in the 

inspiratory to expiratory ratio or a change in tidal volume. When the system is close to reaching 

failure, irregularities and periods of apnea might be seen. In the terminal stage when carbon 

dioxide (CO2) is accumulated, the mental state of the animal is changed. Hypoxic animals are 

not interested in their environment and hypercapnia causes sedation. Agonal or gasping 

respiration might happen as a different brainstem center takes over respiration when the normal 

center for respiration ceases to work. At this point, there is usually very limited possibilities to 

reverse the condition (Hendricks, J., 2004). 

 

In a study of 103 cats and 73 dogs with respiratory abnormalities, at presentation the most 

common type of respiration in cats was costo-abdominal (76%), followed by superficial and 

open mouth breathing. Type of dyspnea was most commonly mixed (inspiratory and 

expiratory). More than half of the cats had synchronous movement during inspiration (outward 

movement of chest and outward movement of abdomen), roughly a third had asynchronous 

movement (outward movement of chest and inward movement of abdomen in inspiration) and 

about 10% had inverse movement (inward movement of chest and outward movement of 

abdomen in inspiration). Auscultation results were normal in more than a third of the cats (not 

decreased, increased or moist) on both sides and in most of the patients no stridor or stertor was 

appreciated (89%) (Sigrist et al., 2011). 

 

In cats, the most common single localizations for the cause of dyspnea was lung parenchyma 

or pleural space (37% in total) followed by non-respiratory causes (12%). Asynchronous 

breathing and decreased lung sounds were significantly related to localization in the pleural 

space in both species. The combination of these was associated with pleural space disease with 

sensitivity of 99% and specificity of 40%. In cats, asynchronous breathing was also 

significantly associated with chest wall diseases. Fast and shallow respiratory pattern was not 

related to pleural space localizations. Expiratory dyspnea was found to be significantly 

associated with lower airway disease in cats. A mixed type dyspnea was found to be 

significantly associated to pleural space disease in cats. Upper airway diseases were 

significantly associated to the presence of inspiratory noises. Moist or increased lung sounds 

were found to be associated with lung parenchyma diseases in both species (Sigrist et al., 2011). 
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1.4.Diagnostic imaging 

 

Radiographs of thoracic cavity are commonly performed but differentiating between non-

cardiac and cardiac cases may not be possible if more than mild pleural effusion is present 

(Wurtinger et al., 2017). In a study conducted on cats with diagnosed cardiac disease and 

abnormal thoracic radiographs, all cats had evidence of interstitial patterns reducing clarity of 

margins of cardiac silhouette and pulmonary vessels. 83% of these cats had interstitial pattern 

in combination with alveolar pattern and 32% with them also with air bronchograms. In 35% 

of the cats, pulmonary edema was obscuring the cardiac silhouette. A left atrial bulge was found 

in 48% of the cats (Benigni, L., et al, 2009).  

 

In another study conducted on cats with chronic lower airway diseases all cats were diagnosed 

with diffuse opacification of the lungs, a bronchointerstitial pattern was found in 75% of cats, 

a bronchial pattern in 25% and 17% had bronchiectasis found in thoracic radiographs (Pavelski 

et al, 2017). Radiography is of very low sensitivity to detect ventricular hypertrophy (Tominaga 

et al., 2011). 

 

Echocardiography and electrocardiograms, though more specific, need special training and 

equipment and may not be available in all settings. (Wurtinger et al., 2017; de Lima et al., 

2017). TFAST (thoracic focused assessment with sonography for trauma, triage, and tracking) 

is a fast examination carried out to rule in or out the presence of fluid or air in the pleural space 

and to look for fluid in the pericardial space.  

 

A TFAST examination involves five views of the thoracic cavity. The sites are found between 

the 7th and 9th intercostal spaces on each side of thorax, one between the fifth and the sixth 

intercostal space on each side and the subxiphoid view. No hair clipping is usually needed for 

this procedure. The first sites between the 7th and the 9th intercostal spaces are examined to find 

out whether there is a pneumothorax. It is ruled out if there are real-time glide sign or/and B-

lines present. The sites at the 5th and the 6th intercostal spaces are examined to detect possible 

pleural and pericardial effusions. Pleural fluid can be seen as an anechoic, triangular 

accumulation between diaphragm, pericardial sac and lung lobes. Pericardial effusion is seen 

as an anechoic arched band between the ventricular wall of the heart and pericardial sac. The 
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subxiphoid view is examined for traumatic injuries in pleural and pericardial spaces (Boysen, 

2015) 

 

Evaluation of history, physical examination, thoracic radiography, and blood biochemistry 

often may prove insensitive in differentiating between cardiac and noncardiac reasons behind 

dyspnea (Singletary et al., 2017). In addition to the nonspecific physical examination and 

radiographic findings, the diagnostic evaluation is also limited by the fragility of these cats 

(Ward. et al., 2018). 

 

1.5.Biological markers 

 

Biomarkers are quantitative indicators of certain processes in an organ or system. They are 

methods used to evaluate normal pathological and pharmaceutical interventions. Biomarkers 

provide information about the diagnosis, extension of changes and prognosis.  

 

Cardiac biomarkers are divided into four groups, cardiac troponins assessing myocardial lesion 

or necrosis, natriuretic peptides (NP) assessing myocardial function, high-density lipoproteins 

and low-density lipoproteins assessing homeostasis of serum lipoproteins and C-reactive 

protein assessing inflammation of the cardiovascular system. In veterinary medicine low- and 

high-density lipoproteins and C-reactive protein are not specific to myocardial diseases. 

Troponins evaluate ischemic lesions which is not useful in veterinary cardiology. Therefore, 

the only biomarkers are NPs to use in assessing myocardial function in veterinary medicine. 

NPs are affected by primary structural cardiopathies in animals, such as dilated and 

hypertrophic cardiomyopathy and myxomatous cardiomyopathy. Cardiovascular biomarkers 

are not frequently analyzed in veterinary medicine (de Lima et al., 2017). 

 

Single-time measurement of N-Terminal pro brain NP (NT-proBNP) has many applications in 

veterinary medicine, such as differentiating between noncardiac and cardiac causes of 

respiratory signs in dogs and cats, detection of atypical cardiomyopathy in cats, predicting the 

onset of CHF in dogs suffering from degenerative mitral valve disease, prognostic evaluation 

in dog with acquired heart disease and screening Doberman pinschers for occult DCM. 
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In a study of cats presented to a hospital for evaluation of dyspnea, cats with a greater percent 

decrease in NT-proBNP result from admission to time of discharge had significantly longer 

survival times with median being 182 days compared to those with a slighter percent decrease 

in the result of the cardiac biomarker with median survival time of 60 days. Absolute result and 

achieving at least a 30% fall in NT-proBNP level were not associated with survival time (Pierce 

et al., 2017). 

 

NPs’ primary role is associated with regulation of homeostasis in intravascular volume and 

control of systemic pressure. They are produced and secreted in specific cardiac sites in 

response to overload of the cardiac muscle and cardiomyocyte straining, but they are also 

released by other tissues. They balance effects of hyperactive renin-angiotensin-aldosterone 

system (RAAS) in heart diseases (de Lima et al.,2017; Ames M. K. et al., 2019).  

 

In humans the standard treatment of heart failure has resulted in superior outcomes (lower rate 

of adverse reactions) when supported by BNP/NT-proBNP-guided therapy (Pierce et al., 2017). 

 

 

1.5.1.ProBNP as a biological marker 
 

Pro brain natriuretic peptide (proBNP), a precursor of NT-proBNP is synthesized more in 

response to myocardial wall stress, hypoxia, neuroendocrine activation and after RAAS system 

activation resulting in natriuresis and vasodilation (Wurtinger et al., 2017; Singletary et al., 

2017). It is synthesized and released by cardiac myocytes in atria and ventricles. The amount 

of release is directly correlated to the severity of cardiac disease (Pierce et al., 2017). ProBNP 

is split by proteases in serum to form same amounts of active C-terminal fragments and one 

inactive NT-proBNP.  

 

C-BNP’s half-life is very short, about 90 seconds. NT-proBNP on the other hand has a half-life 

of 120 minutes and is more stable during collection and handling of samples. NT-proBNP in 

cats and dogs has been shown to be the only biomarker competent to diagnose and monitor 

congestive cardiac processes and indirectly myocardial function. NPs’ primary role is 

associated with regulation of homeostasis in intravascular volume and control of systemic 

pressure. They are produced and secreted in specific cardiac sites in response to overload of the 
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cardiac muscle and cardiomyocyte straining, but they are also released by other tissues (de Lima 

et al., 2017).  

 

 

1.5.2.Differentiation between cardiac and noncardiac disease 
 

Blood-based biomarker analysis is easy and simple to perform and are shown to provide reliable 

information in differencing between cardiac and noncardiac causes behind dyspnea in animals 

and humans.  

 

In human medicine, many studies have proven the value of NT-proBNP measurement in 

addition to traditional diagnostics in outpatient diagnostics and emergency rooms. An increased 

concentration of proBNP was proven in a study to be a stronger predictor of CHF than any other 

variable (including x-rays and clinical signs). In another study of people presenting to the 

emergency room for possible CHF, the analysis of blood proBNP increased the diagnostic 

accuracy significantly from 53% to 71% along with doctor’s certainty from 34% to 82% 

(Singletary et al., 2017).  

 

In a questionnaire survey conducted on veterinarians, the diagnosis confidence was relatively 

low but after obtaining NT-proBNP result the median confidence increased significantly. No 

difference was seen in confidence in the diagnosis from the veterinarian’s point of view in 

respiratory diseases after NT-proBNP analysis (Singletary et al., 2017). 

 

1.5.3.Laboratory evaluation of biomarkers 
 

Evaluation of NPs requires special methods to collect blood. It is required to delay degradation 

such as hemolysis, during collection and transportation. Samples must be centrifuged and kept 

under refrigeration immediately following collection. Storage method also influences values of 

NT-proBNP in serum. If sample is collected in ethylenediaminetetraacetic acid (EDTA) tube it 

should be centrifuged and mixed with a protease inhibitor to prevent degradation by proteases 

(de Lima et al., 2017; Finnegan et al., 2014). 

 

First generation enzyme-linked-immunosorbent assay (ELISA) has been used in measurement 

of NT-proBNP concentration of blood plasma and pleural fluid. This test method is not 
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available as an in-house test. A second-generation ELISA test has been developed which is a 

semiquantitative in-house test (Wurtinger et al., 2017). The point-of-care snap tests for NT-

proBNP have been helpful in facilitating an accurate and fast diagnosis of CHF in cats suffering 

from dyspnea and pleural effusion (Ward et al., 2018).  

 

1.5.4.ProBNP plasma concentration in cats 
 

NT-proBNP is elevated in cats with clinically relevant structural cardiac disease and is the most 

increased in cats with CHF. When using the cutoff value of 265pmol/L, the analysis of NT-

proBNP reliably (sensitivity 90.2%, specificity 87.9%) differentiates CHF from primary 

respiratory disease in cats with clinical signs (Singletary et al., 2017). 

 

In humans plasma NT-proBNP concentration was significantly associated with the severity of 

heart failure, size of left atrium, degree of ventricular diastolic dysfunction, hypertrophy of left 

ventricle and pressure gradient between aorta and left ventricle (Kim et al., 2006; Arteaga et 

al., 2005). 

 

NT-proBNP level above upper cutoff should be used in conjunction to other diagnostic methods 

such as echocardiography, electrocardiography, medical record and assessing clinical signs in 

diagnosing the main cause of dyspnea. This is useful when deciding the best protocol for 

treatment (de Lima et al., 2017).  

 

NT-proBNP is at least partially excreted by kidneys. There is a possibility that kidney function 

influences the level of circulating NT-proBNP (Connolly et al., 2008). Elevation of creatinine 

and urea can be caused by pre-renal, intrinsic renal or post-renal causes. Pre-renal causes 

include hypovolemia, dehydration, cardiac failure, gastrointestinal hemorrhage, and shock. 

Intrinsic renal causes include chronic kidney disease and acute kidney injury. Post-renal causes 

include ureteral obstruction, bladder obstruction and urethral obstruction. SDMA is a novel 

marker of glomerular filtration rate not affected by muscle mass (Palm, 2017). In a study carried 

out in 77 dogs, increasing creatinine concentration was associated with increasing NT-proBNP 

concentration. In this study population, the age or gender did not have a significant effect on 

the concentration of NT-proBNP (Boswood et al., 2008).  
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No significant difference was demonstrated in the NT-proBNP levels between cats with 

hyperthyroidism and cats with HCM (Sangster et al., 2014). False negatives were more 

common in mild cardiomyopathies than false positives. NT-proBNP analysis should not be used 

as a sole diagnostic method for cardiomyopathies in cats (Harris et al., 2017). 

 

In Tominaga’s study, cats with asymptomatic cardiac enlargement had significantly higher 

concentrations of NT-proBNP than cats with no cardiac enlargement. Plasma NT-proBNP level 

was significantly correlated to vertebral heart score (VHS) and left atrium (LA)/aorta (Ao) ratio 

but not with left ventricular internal diameter end diastole (LVIDd). In the study it was 

concluded that plasma NT-proBNP concentration analysis could be used as a screening test 

whether echocardiography is required or not, and whether asymptomatic cats have cardiac 

enlargement or not. This could be especially useful in cats with hyperthyroidism and systemic 

hypertension. Still, renal function was not evaluated and NT-proBNP is excreted via kidneys. 

Also, high-degree intra-individual variability has been found in dogs in plasma proBNP 

concentrations (Tominaga et al., 2011). 

 

In a study conducted on 21 cats admitted to the intensive care unit with moderate to severe 

pleural effusion on radiography and echocardiography performed at request by the primary 

practitioner, the NT-proBNP concentration was found to be significantly higher in cats with 

congestive heart failure, than in the non-congestive heart failure group. The range in non-

cardiac group NT-proBNP concentration was 26-160 pmol/L and in cardiac cats 355-1,286 

pmol/L. Out of the 21 cats, 10 were diagnosed with a non-cardiac disease and 11 with 

congestive heart failure (Hassdenteufel et al., 2013).  

 

Another study conducted on cats with dyspnea at a university hospital, an NT-proBNP 

concentration given a cut-off at 220 fmol/mL accurately differentiated cats with dyspnea for 

non-cardiac disease and cats with dyspnea due cardiac disease (94% sensitivity and 88% 

specificity). If the cut-off was set at 95 fmol/mL the sensitivity was 100% but specificity 

decreased to 73% and a cut off at 404fmol/mL decreased sensitivity to 63% but increased the 

specificity to 94% (Connolly et al., 2009).  

 

Another study optimally differentiated cardiac and non-cardiac primary causes at an NT-

proBNP cut-off value set at 265 pmol/L (sensitivity 90%, specificity 88%) (Fox et al., 2008). 
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2. AIMS OF THE STUDY 
 

 

The main aim of the study was to describe the utility of NT-proBNP analysis in dyspneic cats 

and identify possible correlations between cats’ sex, breed, and age with the NT-proBNP 

concentration. In addition, we observed whether any clinical signs related to cardiac or 

respiratory conditions, kidney, or total thyroxine (TT4) values in blood sample could be 

associated with NT-proBNP result. Moreover, we observed whether any correlations were seen 

in the NT-proBNP result and the outcome or treatment of the cat. Finally, it was observed if 

and how many cats were later confirmed with cardiac disease by cardiologist. 
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3. METHODS AND MATERIALS 
 

The study was conducted as an observational quantitative study. The data was collected from 

Small Animal Clinic of Estonian University of Life Sciences patient database Provet Cloud. 

The data was collected by the supervisor of the thesis. The data was collected on cats who were 

admitted to the veterinary clinics emergency admission during the period of 01.02.2019-

01.02.2020. Keywords ‘cat’ and ‘proBNP’ were used to search for the data. Any cats whose 

proBNP results were not available were excluded from the study.  

 

 

3.1. Collected data  

 

Data on signalment (age, sex, breed), part of the anamnesis (symptoms/problems) and clinical 

data (findings in clinical examination, laboratory results, treatment and outcome) during the 

admission, when NT-proBNP analysis was carried out, were included from the database. 

Examination by a cardiologist and the definitive diagnosis were also included. 

 

 

3.2. ProBNP analysis 

 

The NT-ProBNP analyses were conducted by in- clinic test SNAP* Feline proBNP (IDEXX 

Laboratories, the Netherlands). The analysis is an in vitro test for the measurement of 

circulating NT-proBNP in feline serum and EDTA plasma. The sample can be used fresh or if 

stored in +2-8°C for up to one week. If sample is stored for longer it needs to be frozen at -

20°C or colder and recentrifuged before use. Sample must be at room temperature +18- +25°C 

before use. 

In- clinic test SNAP* Feline proBNP is shown in Figure 1. The result is interpreted by 

comparing the reference and sample spot colors after 10 minutes from adding the sample and 

having pushed the activator of the SNAP device after defined time. If the color intensity is equal 
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or darker in the sample spot than the reference spot, there is an abnormal level on NT-proBNP 

in the blood and the result is interpretated as abnormal. If the color intensity of the sample spot 

is lighter than the reference spot, the result is interpretated as normal. 

  

Figure 1. Idexx SNAP* Feline proBNP test (Idexx resources, 2021). 

The test accuracy has been evaluated with Cardiopet proBNP Test’s quantitative results. The 

SNAP test had 99.5% agreement with the Cardiopet’s analysis when concentrations of 

NTproBNP were <100 pmol/L and 95.0% when concentrations were the same or above 270 

pmol/L. An abnormal result of NTproBNP indicates the concentration is above 100 pmol/L 

(Idexx resources, 2021). 

 

 

3.3. Statistical analysis 

 

For this study, the cats were divided into two groups, the dyspneic and non-dyspneic- being 

classified as cats with no related respiratory clinical signs. The first intention was to only study 

cats with dyspnea and their NT-proBNP analysis and data, but due to the small sample size also 

the non-dyspneic cats were included.  
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Both groups were analyzed independently. In the literature review, dyspnea is defined as 

“difficult or labored breathing” (Tseng et al., 2000). In the dyspneic group cats with different 

respiratory clinical signs were included. The clinical signs observed are shown in Results.  

Individual cats data, including deviations in anamnesis and clinical examination, sex, age, 

breed, NT-proBNP result, other blood results, treatment, outcome, and cardiologist examination 

and results were first transferred into an Excel file, then tables and figures were formed. 

Irrelevant data regarding to the study was left out. Cats with any cardiac clinical signs and/or 

respiratory clinical signs were grouped for analysis of association of cardiac or respiratory 

clinical signs and NT-proBNP result. 

Proportions of descriptive characteristics (sex, age, breed) were calculated by OpenEpi 

software. 

The Fisher’s exact test was used for calculating the correlations between NT-ProBNP results 

and sex, age, breed, kidney values (urea, creatinine, SDMA), TT4 and outcome. In this study 

p- value <0,05 was considered significant.  

Due to the small sample size and for better statistical analysis, cats were divided into two age 

groups, under two-year-old and two-year-old and older cats.  

Due to the small sample size the breeds were divided into two, domestic breed and pure-bred 

cats. One cat was left out from the breed statistics from the dyspneic group since no breed was 

mentioned in the patient file. 

The outcome was marked as alive or dead. The cats were marked as alive if they were 

discharged from clinic when NT-proBNP was analyzed and dead if they were not discharged 

alive from the hospital (were euthanized or died in the clinic). One case report did not clearly 

state euthanasia, but as it was discussed in case report and the report had been archived, so it 

was concluded that cat did not leave the hospital alive.  
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3.4. Ethical considerations 

 

All samples were collected for diagnostic purposes and not for the study. All cat owners have 

signed a consent allowing the use of their cat’s data anonymously for research and teaching 

purposes. All data was processed and analyzed anonymously.  
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4. RESULTS 
 
 

During the study period the NT-ProBNP test was carried out in 50 cats, but five cats were 

excluded from the study as the result of the test was not shown in the patient file. 

4.1.NT-proBNP results in the population 

In the study population, NT-proBNP results were normal in 55.6% (25/45) and abnormal in 

44.4% (20/45) of the cats, respectively (Figure 2). 

 

Figure 2. The proportions of different NT-proBNP results in the study population. 

The cats were divided into two groups, the dyspneic group consisted of 24 cats (53.3%) and the 

non-dyspneic group of 21 cats (46.7%).  

In the dyspneic group, 45.8% (11/24) of cats had a normal NT-proBNP result and 54.2% (13/24) 

had an abnormal NT-proBNP result.  

In the non-dyspneic group, 66.7% (14/21) of cats had a normal NT-proBNP result and 33.3% 

(7/21) had an abnormal NT-proBNP result. 

 

 

55,6 %

44,4 %

NT-proBNP normal NT-proBNP abnormal
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4.2.Age and NTproBNP 

 

In total 24.4% (11/45) cats were under two-year-old and 75.6% (34/45) cats were two-year-old 

or older.  

The dyspneic group consisted of 25.0% (6/24) of under two-years-old and 75.0% (18/24) of 

cats two-year-old or older. 

In the dyspneic group in cats younger than two-year-old 50.0% (3/6) had a normal NT-proBNP 

result and 50.0% (3/6) had an abnormal result. In the older group, 44.4% (8/18) had a normal 

NT-proBNP result and 55.6% (10/18) had an abnormal NT-proBNP result. 

The non-dyspneic group consisted of 23.8% (5/21) of under two-year-old and 76.2% (16/21) 

of cats two-year-old or older. 

In the non-dyspneic group in cats under two-year-old, 100.0% (5/5) had a normal NT-proBNP 

result and 0.0% (0/5) had an abnormal NT-proBNP result. In the older group, 66.7% (14/21) 

had a normal NT-proBNP result and 33.3% (7/21) had an abnormal NT-proBNP result. Figure 

3 shows the division of cats in both age groups in dyspneic and non-dyspneic groups. 

  

Figure 3. Proportion of cats in different age groups in the dyspneic and non-dyspneic group. 

This study found no significant correlation between age and NT-proBNP result in dyspneic (p-

value=1.00), non-dyspneic (p-value=0.12) nor with the groups combined (p-value=0.30). 

Figures 4 and 5 show the proportions of different NT-proBNP results in the two different age 
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groups, under two-year-old cats having 27.3% (3/11) of abnormal NT-proBNP results and two-

year-old or older cats having 50.0% (17/34) of abnormal NT-proBNP results. 

   

Figure 4. Proportions of different NT-proBNP results cats under two-year-old. 

 

Figure 5.  Proportions of different NT-proBNP results in cats two-year-old or older. 

 

 

4.3. Breed and NT-proBNP result 

 

The study population consisted of 42.2% (19/45) of pure-bred and 57.8% (24/45) of Domestic 

cats. In the whole population, 52.6% (10/19) of pure-bred cats had a normal NT-proBNP result 

and 47.4% (9/19) had an abnormal NT-proBNP result. 56.0% (14/25) of Domestic cats had a 

normal NT-proBNP result and 44.0% (11/25) had an abnormal NT-proBNP result. No 

significant association was found between breed and NT-proBNP result (p-value=1.00). 

In the dyspneic group there were 41.7% (10/24) of pure-bred cats and 58.3% (14/24) of 

Domestic cats. The breeds of the pure-bred group are shown in Table 1. 
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50,0 %50,0 %

NT-proBNP abnormal NT-proBNP normal
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Breed Cats (n) Percentage (%) 

Bengal 1 10.0% 

British Shorthair 1 10.0% 

Canadian Sphinx 1 10.0% 

Maine Coon 1 10.0% 

Oriental 1 10.0% 

Scottish Fold 2 20.0% 

Siamese 3 30.0% 

Table 1. Number and proportions of different pure-bred cats in the dyspneic group. 

 

In the dyspneic group, 40.0% (4/10) of purebred cats had normal NT-proBNP result and 60.0% 

(6/10) an abnormal result. 50.0% (7/14) of Domestic cats had a normal NT-proBNP result and 

50,0% (7/14) had an abnormal NT-proBNP result. No significant association was found 

between being purebred or Domestic and NT-proBNP result in the dyspneic group (p-

value=0.71). 

In the non-dyspneic group, there were 45.0% (9/20) of pure-bred and 55.0% (11/20) of 

Domestic cats. One cat was left out due to the missing breed data. The breed and number of 

cats of each breed are shown in the Table 2.  

 

Breed Cats (n) Percentage (%) 

British Shorthair 2 22.2% 

Burmese 1 11.1% 

Maine Coon 2 22.2% 

Persian 2 22.2% 

Scottish Fold 2 22.2% 

Table 2. Number and proportions of different pure-bred cats in the non-dyspneic group. 

 

In the non-dyspneic group among the pure-bred cats, 66.7% (6/9) had a normal NT-proBNP 

result and 33.3% (3/9) had an abnormal NT-proBNP result. Among the Domestic cats, 64.6% 

(7/11) had a normal NT-proBNP result and 36.4% (4/11) of Domestic cats had an abnormal 
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NT-proBNP result. By using Fisher’s exact test, no significant association was found between 

being purebred or Domestic and NT-proBNP result (p-value=0.67).  

Figure 6 shows the number of different pure-breed cats and their NT-proBNP results. The most 

common pure-bred cat was Scottish Fold (21.0%, 4/19), 50.0% (2/4) of cats had a normal and 

50.0% (2/4) had an abnormal NT-proBNP result. This study included three British Shorthair 

cats and three Siamese cats and both breeds with 33.3% (1/3) of normal NT-proBNP results 

and 66.7% (2/3) of abnormal NT-proBNP results. Among the three Maine Coon cats included 

in the study, 100.0% (3/3) had a normal NT-proBNP result and 0.0% (0/3) had an abnormal 

NT-proBNP result. There were two Persian cats, out of which 50.0% (1/2) had a normal NT-

proBNP result and 50.0% (1/2) had an abnormal NT-proBNP result. There was only one Bengal 

cat which had an abnormal NT-proBNP result (100.0% 1/1). There was only one Canadian 

Sphinx which had an abnormal NT-proBNP result (100.0% 1/1 abnormal NT-proBNP result). 

There was one Oriental and one Burmese cat, and both had normal NT-proBNP results (100.0% 

0/1 of normal NT-proBNP results for Oriental and Burmese cats). 

 

Figure 4. NT-proBNP results of purebred cats in the study population. 

 

 

4.4.Sex and NT-proBNP 

 

The study population consisted of 42.2% (19/45) of female and 57.8% (26/45) of male cats. 

63.2% (11/19) of female cats had a normal NT-proBNP result and 36.8% (7/19) had an 

abnormal NT-proBNP result. 50.0% (13/26) of male cats had a normal NT-proBNP result and 
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50.0% (13/26) had an abnormal NT-proBNP result. Figure 7 shows proportions of abnormal 

NT-proBNP divided between both sexes. 65.0% (13/20) of all abnormal NT-proBNP results 

were analyzed on male cats and 35.0% (7/20) on female cats. 

  

Figure 5. Proportions of different sexes among cats with an abnormal proBNP result. 

In the dyspneic group there were 45.8% (11/24) of females and 54.2% (13/24) of males. 

In the dyspneic group 55.5 (6/11) of females had a normal and 45.5% (5/11) had an abnormal 

NT-proBNP result. 38.5% (5/13) of males had a normal NT-proBNP result and 61.5% (8/13) 

had an abnormal NT-proBNP result. 

In the non-dyspneic group, 38.1% (8/21) of cats were females and 61.9% (13/21) were male 

cats. 

In the non-dyspneic group, 75.0% (6/8) of female cats had a normal NT-proBNP result and 

25.0% (2/8) had an abnormal NT-proBNP result. 61.5% (8/13) of males had a normal NT-

proBNP result and 38.5% (5/13) had an abnormal NT-proBNP result. 

This study found no significant correlation between the sex and NT-proBNP result in dyspneic 

(p-value=0.68), non-dyspneic (p-value=0.66) or both groups combined (p-value=0.54). 
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4.5.Respiratory signs and NT-proBNP 

 

In the dyspneic group all cats (100.0%, 24/24) had changes in the respiratory system 

examination. They had variable abnormal findings in examination of respiratory system, 

including tachypnea, crackles, open mouth breathing, increased respiratory effort, coughing, 

shallow respiration, absent respiratory sounds, abdominal breathing, labored breathing, 

dyspnea, increased respiratory sounds, fluid from the nostrils, wheezes, extended neck, 

sneezing and blood from the nostrils.  

In the dyspneic group, 45.8% (11/24) had a normal NT-proBNP result and 54.2% (13/24) of 

cats had an abnormal NT-proBNP result. 

In the non-dyspneic group, 14.3% (3/21) of cats had abnormal findings in the respiratory 

system, including quiet respiratory sounds and crackles and 85.7% (3/21) of cats did not have 

any abnormal findings in the respiratory system. 

In the non-dyspneic group, 66.7% (2/3) of cats with abnormal respiratory findings had a normal 

NT-proBNP result and 33.3% (1/3) of cats with abnormal respiratory findings had an abnormal 

NT-proBNP result. 45.5% (5/11) of cats with no abnormal findings in respiratory system had a 

normal NT-proBNP result and 54.5% (6/11) of cats with no abnormal respiratory findings had 

an abnormal NT-proBNP result. 

Out of all cats with abnormal findings in the respiratory system, 48.1% (13/27) had a normal 

NT-proBNP result and 51.9% (14/27) had an abnormal NT-proBNP result.  

No significant correlation was found between NT-proBNP results and abnormalities in the 

respiratory system for dyspneic (p-value=0.20), non-dyspneic (p-value=1.00) or both groups 

combined (p-value=0.14). 

 

 

4.6.Cardiac signs and NT-proBNP 

 

The dyspneic group had the following abnormal findings in examination of the cardiovascular 

system: tachycardia, bradycardia, murmur, rapid capillary refill time, arrhythmia, gallop 

rhythm, weak pulse, cyanosis, and non-audible heart on auscultation.  
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In the dyspneic group, 41.7% of cats did not have abnormal findings in the cardiovascular 

system and 58.3% (14/24) of cats had abnormal findings in the cardiovascular system.  

35.7% (5/14) of cats with abnormalities in the cardiovascular system had a normal NT-proBNP 

result and 64.3% (9/14) had an abnormal NT-proBNP result. 60.0% (5/10) of cats with no 

abnormal findings in the cardiovascular system had a normal NT-proBNP result and 40.0% 

(4/10) of the ones with no changes in the cardiovascular system had an abnormal NT-proBNP 

result. 

The non-dyspneic group had the following abnormal findings in the cardiovascular system: 

tachycardia, pale mucous membranes, murmur, gallop rhythm and no femoral pulse.  

In the non-dyspneic group, 52.4% (11/21) of cats did not have abnormal findings in 

cardiovascular system and 47.6% (10/21) of cats had abnormal findings in the cardiovascular 

system.  

60.0% (6/10) of cats with abnormalities in the cardiovascular system had a normal NT-proBNP 

result and 40.0% (4/10) had an abnormal NT-proBNP result. In cats with no abnormal findings 

in the cardiovascular system, 72.7% (8/11) had a normal NT-proBNP result and 27.3% (3/11) 

had an abnormal NT-proBNP result. 

No significant correlation was found between the NT-proBNP result and cardiac clinical signs 

in the dyspneic (p-value=0.41), non-dyspneic (p-value=0.66) or both groups analyzed together 

(p-value=0.23). 

 

 

4.7.Association of elevated kidney enzymes and TT4 with NT-proBNP  

 

Kidney values (creatinine, SDMA and/or urea) were analyzed in 86.7% (39/45) of all cats. 

28.2% (11/39) of them had elevated kidney values (one or more). 27.3% (3/11) of cats with 

elevated kidney values had a normal NT-proBNP result and 72.7% (8/11) of cats with elevated 

kidney values had an abnormal NT-proBNP result.  

When divided to dyspneic (p-value=0.31) and non-dyspneic (p-value=0.11) groups, no 

significant p-value was achieved when associations between NT-proBNP results and elevated 

or non-elevated kidney values were analyzed. But when the whole study population was 

analyzed together, a significant p-value was achieved (p-value=0.03) and a statistically 
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significant correlation was shown. Figure 8 shows the percentages of abnormal NT-proBNP 

results in cats with elevated and non-elevated kidney values. 

   

Figure 6. Proportion of abnormal NT-proBNP results in cats with elevated and non-elevated kidney values. 

TT4 was measured in 28.9% (13/45) of the study population, in 25.0% (6/24) of the dyspneic 

cats and 81.0% (17/21) of non-dyspneic cats.  

92.3% (12/13) of cats with TT4 analyzed had a normal NT-proBNP result and 7.7% (1/13) of 

cats had an abnormal NT-proBNP result. 

No significant correlation between normal or elevated TT4 level and NT-proBNP result was 

detected in dyspneic (p-value=1.00), non-dyspneic (p-value=1.00) or both groups (p-

value=1.00). combined.  

 

 

4.8.Association between treatment options and NT-proBNP results 

 

In the study population, the most administered initial treatments were butorphanol (33.3%, 

15/45), oxygen therapy (28.9%, 13/45), furosemide (28.9%, 13/45), intravenous fluid therapy 

(37.8%, 17/24) and buprenorphine (13.3%, 6/45). Divided into dyspneic and non-dyspneic cats, 

no significant association was detected between any of these treatments and NT-proBNP result.  

Butorphanol was administered to 54.2% (13/24) of dyspneic and 9.5% (2/21) of non-dyspneic 

cats.  
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28.0% (7/25) of cats with a normal NT-proBNP received butorphanol and 72.0% (18/25) of 

cats with a normal NT-proBNP did not receive butorphanol. 40.0% (8/20) of cats with an 

abnormal NT-proBNP result received butorphanol and 60.0% of cats with an abnormal NT-

proBNP did not receive butorphanol. No significant association was found between NT-

proBNP result and treatment with butorphanol in the dyspneic (p-value=1.00) or non-dyspneic 

(p-value=0.33) or both groups combined (p-value=0.34). 

Oxygen therapy was given for 50.0% (12/24) of dyspneic and for 4.8% (1/21) of non-dyspneic 

cats. 16.0% (4/25) of cats with a normal NT-proBNP result and 25.0% (5/20) of cats with 

abnormal NT-proBNP result received oxygen therapy. No statistically significant association 

was found in dyspneic (p-value=0.68) or non-dyspneic (p-value=0.38) or both groups combined 

(p-value=0.74) between NT-proBNP result and oxygen administration. 

Furosemide was administered in 50.0% (12/24) of dyspneic cats and 4.8% (1/21) of non-

dyspneic cats. No statistically significant association was found in dyspneic (p-value=0.10) or 

non-dyspneic (p-value=0.33) groups between NT-proBNP result and furosemide 

administration. 

When all cats were analyzed together, a significant correlation was detected between NT-

proBNP result and administration of furosemide (p<0.01). Figure 9 shows the proportions of 

different NT-proBNP results in cats receiving furosemide. 76.9% of cats with abnormal and 

23.1% with a normal NT-proBNP result received furosemide. 

   

Figure 7. Proportions of different NT-proBNP results among cats receiving furosemide. 

76,9 %

23,1 %

Abnormal NT-proBNP Normal NT-proBNP
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Intravenous fluids were administered in 45.8% (11/24) of dyspneic and 28.6% (6/21) of non-

dyspneic cats. 32.0% (8/25) with a normal NT-proBNP result and 30.0% (6/20) with an 

abnormal NT-proBNP result received IV fluid therapy. No statistically significant association 

was found in dyspneic (p-value=1.00) or non-dyspneic (p-value=0.61) or both groups 

combined (p-value=0.74) between NT-proBNP result and intravenous fluid treatment. 

 

Buprenorphine was administered in 12.5% (3/24) of dyspneic cats and in 14.3% (3/21) of 

non-dyspneic cats. 16.0% (4/25) of cats with a normal NT-proBNP result and 10.0% (2/20) of 

cat with an abnormal NT-proBNP result received buprenorphine. No statistically significant 

association was found in dyspneic (p-value=0.08) or non-dyspneic (p-value=1.00) or both 

groups combined (p-value=0.17) between NT-proBNP result and buprenorphine 

administration. 

 

 

4.9.Cardiologist examination and NT-proBNP 

 

From all cats with a normal NT-proBNP result 0.0% (0/25) were examined by a cardiologist. 

30.0% (6/20) of cats with an abnormal NT-proBNP result were examined by a cardiologist and 

all of them were from the dyspneic group. 83.3% (5/6) of these cats were confirmed with 

cardiological diagnosis, including HCM (50.0% 3/6) and RCM (33.3% 2/6). One cat was 

diagnosed with neoplasia of pleura, diaphragm, and lungs. Table 3 shows the breed and 

diagnoses of the cats examined by a cardiologist. 

 

Breed Diagnosis 

Bengal HCM, left-sided CHF 

British Shorthair Neoplasia of pleura, lungs and diaphragm 

Domestic HCM 

Domestic HCM 

Domestic RCM 

Siamese RCM 

Table 3. Definitive diagnoses of the cats examined by cardiologist. 
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4.10.Outcome and NT-proBNP result 

 

In the dyspneic group, 70.8% (17/24) cats were discharged and 29.2% (7/24) were not 

discharged. 47.11% (8/17) of discharged cats had a normal NT-proBNP result and 52.9% (9/17) 

of cats discharged had an abnormal NT-proBNP result. 42.9% (3/7) of cats not discharged had 

a normal NT-proBNP result and 57.1% (4/7) had an abnormal NT-proBNP result. 

 

Out of all the cats in the dyspneic group with a normal NT-proBNP result 72.7% (8/11) were 

discharged and 27.2% (3/11) were not discharged. Out of the cats with an abnormal NT-proBNP 

result 61.5% (8/13) were discharged and 38.5% (5/13) were not discharged. 

 

In the non-dyspneic group 71.4% (15/21) of cats were discharged and 28.6% (6/21) were not 

discharged. 73.3% (11/15) of cats discharged had a normal NT-proBNP result and 26.7% (4/15) 

of discharged cats had an abnormal NT-proBNP result. 50.0% (3/6) of cats not discharged had 

a normal NT-proBNP result and 50.0% (3/6) had an abnormal NT-proBNP result.  

 

Out of the cats in the non-dyspneic group with a normal NT-proBNP 78.6% (11/14) were 

discharged and 21.4% (3/14) not discharged. Out of the cats in the non-dyspneic group with 

abnormal NT-proBNP result, 57.1% (4/7) were discharged and 42.9% (3/7) were not 

discharged.  

 

When NT-proBNP result and outcome were analyzed for associations, no statistically 

significant result was found in the dyspneic (p-value=1.00), non-dyspneic (p-value=0.35) or 

both groups combined (p-value=0.52). 
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5. DISCUSSION 
 

This study described cats admitted to the emergency room with possible dyspnea and their NT-

proBNP results. Correlations between different descriptive characteristics (age, breed, sex), 

blood samples, treatment, outcome and whether cardiological condition was diagnosed by a 

cardiologist were analyzed. 

The study population was small thus the validity of the study may have been decreased (Faber 

et al., 2014) and guarded interpretation of results is advised. 

With a larger study population, the cats could have been divided into more narrow groups 

according to their age which could have offered more information of the correlation between 

age and NT-proBNP concentration.  

This study did not find significant correlation between age and NT-proBNP result. A study 

conducted on 139 cats, NT-proBNP concentration did not correlate with age in healthy cats 

(Hanås et al., 2020). In a study conducted on dogs, age did not have a significant effect on the 

concentration of NT-proBNP (Boswood et al., 2008). In current study, 50.0% of the cats under 

two-year-old had an abnormal NT-proBNP result and 27.3% of the cats two-year-old or older 

had an abnormal NT-proBNP result. The study groups were not equally divided in number; 

thus it is possible proportions may be overrepresented in groups. 

This study found no statistically significant correlation between breed and NT-proBNP result. 

Pure-bred cats had a slightly higher percentage of abnormal NT-proBNP results but these 

variations between breeds were not statistically significant. No statistically significant p-value 

was achieved to support the hypothesis that cats with abnormal NT-proBNP were more likely 

to be pure-bred. Causative mutated genes for HCM have been found in Maine Coon and Ragdoll 

breeds (Chetboul, 2017). The present study population did not include any Ragdolls and the 

three Maine Coons had normal NT-proBNP results. 

In a study done on cats, gender distribution of cardiac diseases was 63.0% of males (Swift et 

al., 2009). HCM is mostly found in male cats (Chetboul, 2017). In a study on dogs, gender did 

not have a significant effect on the concentration of NT-proBNP (Boswood et al., 2008). In this 

study, out of all the abnormal NT-proBNP results, 65.0% were from male cats. In the study 

population there were more male than female cats which could explain the bigger proportion of 

males. When both sexes were individually analyzed for proportion of different NT-proBNP 
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results, males had a higher percent, 50.0% of abnormal NT-proBNP results and females had a 

smaller proportion, 36.8% of abnormal NT-proBNP results among them. 

Almost half (48.1%) of all cats with abnormal findings in the respiratory system had an 

abnormal NT-proBNP result. When divided into dyspneic and non-dyspneic cats, in the 

dyspneic group the proportion of abnormal NT-proBNP result was higher at 54.2% than in the 

non-dyspneic group at 33.3%. No statistically significant correlation was found. In a study done 

on 108 cats with acute dyspnea, 65% were diagnosed with a definitive cardiac disease (Dickson 

et al., 2017). Another study of 90 cats with dyspnea, 38% of cats were diagnosed with a cardiac 

disease (Swift et al., 2009). 

Cats were also evaluated for any cardiovascular abnormalities and their relations with NT-

proBNP result. In the dyspneic group, cats with abnormalities in the cardiovascular system had 

more abnormal NT-proBNP results (64.3%) than in the non-dyspneic group, in which cats with 

abnormalities in the cardiovascular system had less abnormal NT-proBNP results (40.0%). This 

result would suggest that cats suffering from dyspnea and having abnormal cardiovascular 

findings are more likely to have an abnormal NT-proBNP suggesting a cardiac disease than 

those without dyspnea but with changes in the cardiovascular system. Results were not 

statistically significant. In a study done on cats, 65.0% of cardiac cases had murmur and 43.0% 

of cardiac cases showed gallop rhythm (Swift et al., 2009). In this study, murmur and gallop 

rhythm were present in both groups, but their independent proportions were not studied. 

In a study done on dogs, increasing creatinine was associated with increasing NT-proBNP 

results (Boswood et al., 2008). In this study, due to the small sample size, it was decided to use 

all kidney values available (SDMA, creatinine, urea) to analyze correlation between elevated 

or non-elevated kidney values and NT-proBNP result. When all cats were analyzed together, a 

statistically significant correlation (p-value=0.03) was found between them. 72.7% of cats with 

elevated kidney values (one or more) had an abnormal NT-proBNP result while in cats with 

non-elevated kidney values, only 29.7% had an abnormal NT-proBNP result. This proves the 

hypothesis that cats with elevated kidney values were more likely to have an abnormal NT-

proBNP result was correct. 

Urea alone without creatinine can be elevated in gastrointestinal hemorrhage, increased 

catabolism after use of tetracyclines, fever or if the animal has a diet high in protein. Creatinine 

can be falsely decreased in muscle wasted patients and, in these cases, urea can be more 

representative of kidney function (Palm, 2017). 
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Azotemia is defined as increase in concentration of nitrogen-containing substances in blood. 

Primarily these substances are creatinine and urea. Azotemia can be caused by pre-renal, 

intrinsic renal or post-renal causes. Pre-renal causes include hypovolemia, dehydration, cardiac 

failure, gastrointestinal hemorrhage, and shock. Intrinsic renal causes include chronic kidney 

disease and acute kidney injury. Post-renal causes include ureteral obstruction, bladder 

obstruction and urethral obstruction. SDMA is a novel marker of glomerular filtration rate not 

affected by muscle mass (Palm, 2017). It would be beneficial to study relations of SDMA, 

creatinine and urea independently with NT-proBNP concentrations with a larger study 

population. 

In the study population, only one cat (7.7%) showed elevated TT4 level and 92.3% had normal 

TT4 levels. That one cat with elevated TT4 level had an abnormal NT-proBNP level. No 

significant correlation was found between normal or abnormal NT-proBNP result and TT4 

level. Studies have shown that hyperthyroidism is a common cause in cats with HCM 

(Chetboul, 2017). It is likely that the small sample size in this study affected these results and 

that more cats with abnormal NT-proBNP results have hyperthyroidism than is shown in this 

study. 

Treatment of cats with NT-proBNP analysis was also described and association with NT-

proBNP result analyzed. The most administrated drug in this study was butorphanol which was 

given in 33.3% of all study participants, including 54.2% of the dyspneic and 9.5% of the non-

dyspneic cats. Butorphanol is one of the drugs used to decrease anxiety in acute respiratory 

distress. Other drugs listed were buprenorphine and acepromazine (MacPhail, 2017). No 

statistically significant correlation was found between NT-proBNP result and butorphanol 

treatment.  

Other common treatments were oxygen therapy, furosemide administration, intravenous fluid 

therapy and buprenorphine administration.  

50.0% of cats with dyspnea and 4.8% of non-dyspneic cats received oxygen therapy. In the 

author’s opinion the true proportion of cats receiving oxygen therapy could be higher, since 

oxygen therapy is considered a routine part of acute dyspnea treatment and is neither expensive 

or invasive in most cases and might not be shown in the cats case report.  

An abnormal NT-proBNP result may indicate a cardiac problem and it is possible that the 

veterinarians were more likely to use furosemide as part of the treatment plan in those cats. For 
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acute management of pulmonary edema, furosemide is in first line treatment since it reduces 

the formation of edema leading to clearance (Boller, 2017). 

A higher proportion of 76.9% of cats with abnormal NT-proBNP and only 23.1% of cats with 

a normal NT-proBNP result received oxygen. All animals with dyspnea should receive oxygen 

the least stressful way (Boller, 2017).  

Buprenorphine was administrated in quite similar proportions, in 12.5% of dyspneic and in 

14.3% of non-dyspneic cats. No significant correlation with NT-proBNP result was found. The 

study hypothesized that cats with abnormal NT-proBNP result had similarities in treatment 

protocols and the statistical analysis shows that cats with an abnormal NT-proBNP result were 

more likely to receive furosemide. Also, 40.0% of cats with abnormal NT-proBNP result 

received butorphanol while the percentage for cats with a normal NT-proBNP was 28.0%. 

Only cats with an abnormal NT-proBNP result were examined by a cardiologist. Out of the cats 

with abnormal results, 30.0% were examined by a cardiologist. 83.3% of cats received a cardiac 

diagnosis, 16.7% (one cat) had neoplasia. Cats with cardiac symptoms with a normal NT-

proBNP should still be examined by cardiologist, since false positives are possible. This is 

possible especially in mild cardiomyopathies if the specific level of NT-proBNP is not reached, 

causing the SNAP test to show a negative result. 

No significant association was found between the NT-proBNP result and outcome of cats. In 

both dyspneic and non-dyspneic groups, a quite similar proportion, in dyspneic group 70.8% 

were discharged and in non-dyspneic group 71.4% were discharged.  

In the dyspneic group the differences between discharged and non-discharged cats with two 

different NT-proBNP results were small. In the non-dyspneic group the proportion of 

discharged cats with a normal NT-proBNP was larger (73.3%) but also in the non-dyspneic 

group the proportion of abnormal NT-proBNP result was lower (in the dyspneic group 54.2% 

and in the non-dyspneic group 33.3%) which can alter the result.  

There was a bigger proportion of cats not discharged in those with abnormal NT-proBNP group 

compared to the group with normal NT-proBNP results. It was hypothesized that cats with an 

abnormal NT-proBNP result were more likely to not to be discharged but no significant 

association was found. 
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The previously shown significant correlation between increasing kidney values and abnormal 

NT-proBNP result was also shown in this study. No further conclusions can be made based on 

this small study population. At the Small Animal Clinic of Estonian University of Life Sciences, 

based on this study, cats with an abnormal NT-proBNP are more likely to receive furosemide 

than those with a normal NT-proBNP. In this study population, cats with an abnormal NT-

proBNP result were more likely to get examined by a cardiologist.  

Studies on the topic with larger populations are needed for more comprehensive data of breed 

statistics. Previous studies have found causative genetic mutations for HCM in some cat breeds 

and therefore it would be interesting to study NT-proBNP result in pure-bred cats with a larger 

study population. 

The kidney values each independently and their correlation to NT-proBNP would be interesting 

to study in a larger population. Also, relations between dehydration and NT-proBNP results, 

and secondarily increased kidney values would be a useful topic for further research. It would 

also be useful to study TT4 level and NT-proBNP in a larger population. 

In this study, cats were only divided into males and females, and again, with a larger study 

population it would interesting to study the correlations between spayed and castrated females 

and males and their NT-proBNP results. 
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CONCLUSIONS 
 

NT-proBNP analysis may be considered a useful method in diagnosing cats presented with 

acute dyspnea. It is useful in the cases where diagnosis remains uncertain even with all other 

diagnostics. It gives practitioners more certainty in their diagnosis and possibly decreases the 

amount of detrimental effects of empiric therapy.  

 

The analysis should not be used as a sole diagnostic method, but in conjunction with the 

traditional methods: anamnesis, clinical examination, and diagnostic imaging. The analysis 

does have limitations such as the possibility of false positives in renal diseases and the 

possibility of false negatives in mild cardiomyopathies. Elevated kidney values and abnormal 

NT-proBNP result have been shown to be correlated. More research is needed on the limitations 

of the analysis, its utility in clinical practice and its influence on the outcome of dyspneic cats. 

 

This study confirmed the hypothesis that cats with elevated kidney values were more likely to 

have abnormal NT-proBNP result. Cats with abnormal NT-proBNP were more likely to receive 

furosemide than those with normal value, thus the hypothesis of similarities in treatment 

protocol of cats with abnormal NT-proBNP was confirmed. No statistically significant 

correlation was found between NT-proBNP result and breed or NT-proBNP result and the 

outcome of the cat. 

 

The study found a statistically significant correlation between cats having an abnormal NT-

proBNP result and referral to a cardiologist. 

 

Future studies of the use of NT-proBNP in clinical practice with larger populations are 

indicated. 
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