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PAPER



The diagnostic accuracy of different natriuretic peptides in the investigation of canine cardiac disease OBJECTIVES: We aimed to validate and determine the accuracy of a new



INTRODUCTION



sandwich ELISA for canine N-terminal pro-B-type natriuretic peptide (NT-proBNP) in the discrimination of canine patients with cardiac disease from those with respiratory disease and to determine the effect of confounding variables on NT-proBNP concentrations. METHODS: Validation studies for the new assay were undertaken. Concentrations of N-terminal atrial natriuretic peptide (NT-proANP) and NT-proBNP in both ethylenediaminetetraacetic acid (EDTA) plasma and serum were estimated in samples from 77 dogs at a laboratory blinded to the clinical status of the patient. The diagnostic accuracy of the each sample type and test was evaluated using receiver operating characteristic curves. The effect of age, gender and indicators of renal function was evaluated using a multivariate regression analysis. RESULTS: Concentrations of NT-proBNP in both serum and plasma accurately discriminated dogs with respiratory disease from those with cardiac disease, with an optimum cut-off concentration of 210 pmol/l. NT-proBNP concentrations were unaffected by sample type. Increasing creatinine concentration is associated with increasing concentration of NT-proBNP. Age and gender were not found to have significant effects on natriuretic peptide concentrations in this population. CLINICAL SIGNIFICANCE: Canine NT-proBNP appears to be a useful marker of the presence of cardiac disease, although concentrations must be interpreted in the light of the patient’s renal function. A. BOSWOOD, J. DUKES-MCEWAN*, J. LOUREIRO*, R. A. JAMES*, M. MARTINy, M. STAFFORD-JOHNSONy, P. SMITHz, C. LITTLE§ AND S. ATTREE{ Journal of Small Animal Practice (2008) 49, 26–32 DOI: 10.1111/j.1748-5827.2007.00510.x Department of Veterinary Clinical Sciences, The Royal Veterinary College, Hawkshead Lane, North Mymms, Hatfield, Hertfordshire AL9 7TA *Department of Veterinary Clinical Sciences (Small Animal Division), University of Liverpool, Small Animal Teaching Hospital, Leahurst, Chester High Road, Neston CH64 7TE yThe Veterinary Cardiorespiratory Centre, Thera House, 43 Waverley Road, Kenilworth, Warwickshire CV8 1JL zDick White Referrals, The Six Mile Bottom Veterinary Specialist Centre, Station Farm, London Road, Six Mile Bottom, Cambridgeshire CB8 0UH §The Barton Veterinary Hospital, 34 New Dover Road, Canterbury, Kent CT1 3DT {Guildhay Ltd, 6 Riverside Business Centre, Walnut Tree Close, Guildford, Surrey GU1 4UG
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Heart failure is a syndrome that can result from many primary disease processes. Despite the development of several characteristic abnormalities on physical examination, and the existence of several typical findings with ancillary diagnostic tests, it is sometimes difficult to reach a definite diagnosis of heart failure. The early and accurate diagnosis of heart failure enables patients to be managed rapidly and appropriately. For this reason, there has been significant interest in the development of tests for biomarkers of heart disease and failure in human patients. Most recent interest in human patients has centred on the assessment of B-type natriuretic peptide (BNP) and the N-terminal fragment of its precursor molecule proBNP (NT-proBNP) (Rodeheffer 2004). In canine patients, several assays have been developed and used for the measurement of natriuretic peptides. The use of atrial natriuretic peptide (ANP) (Greco and others 2003), BNP (MacDonald and others 2003, Chetboul and others 2004) and N-terminal proANP fragments (Haggstrom and others 2000, Boswood and others 2003) has been previously reported. Other biomarkers, including troponins, have also been advocated for use in the diagnosis of heart failure (Spratt and others 2005), but their superiority over the natriuretic peptides has not been demonstrated; one study suggested that the median troponin concentration of dogs with and without heart failure were not significantly different (Oyama and Sisson 2004). The natriuretic peptides are released from atrial and ventricular myocardium in response to increased wall stress (Levin and others 1998). ANP and its N-terminal fragments are released predominantly from the atria in response to increased atrial filling pressures and wall stretch, whereas BNP and its N-terminal fragments are released predominantly from the ventricular myocardium. In human patients, one of
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the strongest predictors of BNP concentration appears to be end-diastolic wall stress (Iwanaga and others 2006). It can therefore be regarded as a marker of ventricular preload. There are differences in peptide sequence between canine natriuretic peptides and human natriuretic peptides. This introduces difficulties in the utilisation of human assays for the determination of concentration of canine peptides. The lack of homology is more marked for BNP and its precursor molecule than for ANP and its precursor. Canine preproBNP shares approximately 45 per cent homology with human preproBNP (Liu and others 2002), whereas canine proANP is 87 per cent homologous with human proANP (Oikawa and others 1985). This meansthatspeciesspecificassaysarerequired for the measurement of canine proBNP, whereas assays for human proANP fragments may be suitable for use in canine patients, depending on the sequences of the peptide that are employed in the preparation of the antipeptide antibodies. The short half-life of some of these polypeptides may also impose a limit on their utility as diagnostic markers. The shorter the half-life of a peptide the more likely it is that significant degradation will occur before concentrations of the peptide can be measured. The half-life of proANP fragments is significantly longer than that of ANP (Ackerman and others 1992), thus making it more attractive as a diagnostic marker. Although no information is published on the half-life of proBNP in the dog, in sheep, the half-life of proBNP is 15 times longer than that of BNP (Pemberton and others 2000). The half-life of canine BNP is shorter, at 90 seconds, than that of human BNP, 22 minutes (Thomas and Woods 2003), also suggesting that measuring NT-proBNP may be preferable in dogs. Until now, no canine-specific NT-proBNP assay has been available. In order to be considered clinically useful, diagnostic tests must be validated in the circumstances in which they are likely to be used. Diagnostic tests can be used in various ways. Often, they are used to try to determine the cause of clinical abnormalities demonstrated by a patient. Thus, it is relevant to see whether a test can distinJournal of Small Animal Practice
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guish between animals with clinical abnormalities caused by different underlying diseases. Clinical signs commonly associated with cardiac disease are cough, dyspnoea and exercise intolerance. These signs are also frequently caused by respiratory disease. This study set out to determine whether assessment of NT-proBNP concentrations using a new NT-proBNP sandwich ELISA (VETSIGN Canine CardioSCREEN NtproBNP; Guildhay Ltd) could accurately distinguish dogs with cardiac disease from those with respiratory disease. We aimed to do this by using the opinion of the attending veterinary cardiologist, formed on the basis of history, physical examination and diagnostic test results, as the gold standard with which we would compare the results of the NT-proBNP ELISA. We also aimed to compare the accuracy of the novel ELISA to that of a previously validated assay for an NT-proANP fragment (VETSIGN Canine CardioSCREEN proANP 31-67; Guildhay Ltd). We also undertook to compare whether the use of ethylenediaminetetraacetic acid (EDTA) plasma or serum would affect the results obtained and whether confounding variables such as renal function and the sex and age of the patient would affect the levels of natriuretic peptides measured.



MATERIALS AND METHODS Four veterinary centres participated in the study. In each centre, at least one European and/or Royal College of Veterinary Surgeons (RCVS) cardiology Diploma holder was involved in the supervision of clinical work to ensure a high accuracy of clinical diagnosis would be reached in each case. Dogs were considered eligible for inclusion in the study if they had historical or physical examination findings suggestive of respiratory or cardiac disease. Historical signs considered indicative of respiratory disease or cardiac failure included cough, increased respiratory noise, tachypnoea, dyspnoea, syncope and exercise intolerance. Abnormalities on physical examination included a heart murmur, ascites or arrhythmia. No animals with ascites of non-cardiogenic origin were included in the study. Three dogs with preclinical dilated cardiomyopathy discovered on
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screening were also included in the group with heart disease (but not failure). Blood samples were taken from dogs at the time of routine venepuncture for standard diagnostic procedures. Two millilitres of blood were collected from each patient. One millilitre of blood was placed into a tube containing potassium-EDTA as an anticoagulant, and the other 1 ml of blood was placed into a tube containing no anticoagulant. Samples were then centrifuged and the supernatant separated from the cells. The serum and plasma were then either posted directly to the laboratory undertaking the analysis or frozen and transported as a batch to the laboratory. Dogs underwent further diagnostic testing as deemed necessary by the individual clinical presentation and circumstances. With all the diagnostic information, except the natriuretic peptide concentrations available to them, the attending clinicians were asked to decide, in their clinical opinion, whether they considered the dog to have cardiac disease or respiratory disease. For the patients with cardiac disease, the clinicians were asked to decide whether the patient was showing signs of congestive heart failure. As no single recognised gold standard for the diagnosis of heart disease or heart failure exists, we used the clinical diagnosis made by the attending clinician as the ‘‘gold standard’’ with which to establish the accuracy of the test. Animals were thus divided into three groups: those with congestive heart failure, those with cardiac disease but no signs of congestive heart failure and those with respiratory disease. All dogs with evidence of significant valvular disease were counted as affected by cardiac disease; therefore, animals with both respiratory disease and cardiac disease were included in the group with cardiac disease but no failure. Serum and plasma samples were identified to the laboratory only by means of the patient name or case number. The laboratory undertaking the analysis was blinded as to the clinical diagnosis in each case to eliminate the risk of bias in the analysis. Thus, the laboratory was blinded to the clinical status of the dogs, and the attending clinicians did not know the results of the natriuretic peptide concentrations at the time of making their clinical diagnosis. 27



A. Boswood and others



Samples were analysed for concentrations of proANP 31-67 and NT-proBNP. Thus, concentrations of each peptide were measured in both serum and EDTA plasma resulting in four different natriuretic peptide concentrations for each patient: serum proANP 31-67 (SA), plasma proANP 31-67 (PA), serum NT-proBNP (SB) and plasma NT-proBNP (PB). The proANP 31-67 assay has been previously described (Boswood and others 2003), and additional validation studies on this assay have subsequently been published (Schellenberg and others 2007). Validation studies of the NT-proBNP assay were undertaken as part of the current study. These included the determination of inter- and intra-assay precision at low, medium and high NT-proBNP concentrations, spike and recovery, determination of the limit of detection of the assay and dilutional parallelism. Data regarding age, sex and reproductive status of the dogs were collected as were urea and creatinine concentrations (where these had been determined), to allow the influence of these factors on natriuretic peptide concentrations to be evaluated. Statistical methods Four receiver operating characteristic (ROC) curves were plotted on the same axes to determine the accuracy with which each of the following discriminated patients deemed to have respiratory disease from those deemed to have cardiac disease; serum proANP 31-67 concentration (SA), EDTA plasma proANP 31-67 concentration (PA), serum NT-proBNP concentration (SB) and EDTA plasma NT-proBNP concentration (PB). The area under the ROC curve and the 95 per cent confidence intervals of the prediction of the area were calculated for each peptide/sample combination. On the basis of the coordinate points of the ROC curves, cut-offs were determined that optimised the discriminatory potential of each test. Dogs were divided into three groups: those with heart failure, those with heart disease and no evidence of heart failure and those with respiratory disease. Box plots were created to examine the influence of disease on NT-proBNP concentra28



tion. A Kruskal-Wallis test was used to examine if the differences between groups were significant. The effect of collection tube type on the natriuretic peptide concentrations measured was examined by using a Wilcoxon signed rank test to compare the concentration of each peptide obtained when using EDTA plasma to the concentration obtained when using serum (that is [SA] versus [PA] and [SB] versus [PB]). The three groups of dogs, those with congestive heart failure, cardiac disease without heart failure and those with respiratory disease, were compared with respect to their age and urea and creatinine concentrations using a one-way analysis of variance. Where significant differences were found, the individual groups were compared with a post hoc Bonferroni. In the subgroup of 70 dogs for which urea and creatinine concentrations were known, a multivariate stepwise linear regression analysis was performed to determine which of the following confounding variables was significantly associated with each of the four peptide concentrations measured. The variables examined were age (months), creatinine concentration (lmol/l), urea concentration (mmol/l), sex and reproductive status (entered as binary variables [that is yes or no] for male (M), male neutered (MN), female (F), female neutered (FN)). Stepwise criteria were probability less than 005 for inclusion and greater than 020 for exclusion. For each test, analysis was two-sided, and a P value of ,005 was considered significant.



RESULTS Validation of NT-proBNP test The limit of detection of the assay was 42 pmol/l. Intra-assay coefficients of variation determined with 20 replicates of three samples at low (360 pmol/l), medium (667 pmol/l) and high (1744 pmol/l) NT-proBNP concentrations were 64, 84 and 71 per cent, respectively. Inter-assay coefficients of variation with 60 replicates at low, medium and high concentrations (as above) were 71, 86 and 82 per cent, respectively. Journal of Small Animal Practice
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Five samples with low concentrations of NT-proBNP were spiked with proBNP to increased concentrations by 200, 600 and 1200 pmol/l. Mean recovery was 94, 94 and 102 per cent, respectively. Observed to expected ratio for three serial dilutions (1:2, 1:4 and 1:8) of five samples ranged from 84 to 117 per cent, with a mean value of 101 per cent. Patient population Eighty-one dogs were sampled as part of this study. Four of the samples were inadequately labelled, and results from these samples were not included in the analysis; therefore, results from 77 dogs were analysed. Of the 77 dogs, 32 were considered to have heart failure, 28 had heart disease without heart failure and 17 had respiratory disease. There were 43 male dogs, of which 15 were neutered and 34 female dogs, of which 27 were spayed. The 32 dogs in the heart failure category all had either current signs or pharmacologically controlled historical signs of right- or left-sided congestive heart failure secondary to a variety of underlying diseases; the two most common being dilated cardiomyopathy and mitral valve disease. All the 32 dogs with a diagnosis of heart failure underwent echocardiography. Thirty (938 per cent) of the 32 dogs also underwent thoracic radiography. Of the 28 dogs with cardiac disease without congestive heart failure, 14 had cardiac murmurs, 10 had acquired disease and four had congenital heart disease; 10 dogs had arrhythmias including third-degree atrioventricular block, ventricular tachyarrhythmias and supraventricular tachyarrhythmias; four dogs had preclinical dilated cardiomyopathy, three of which were discovered during screening. Four dogs with clinical signs as a consequence of respiratory disease and concurrent cardiac disease were included in this category. These were dogs in which the clinical signs for which they were presented were considered respiratory in origin, but physical examination or echocardiography indicated the presence of concurrent cardiac disease. Twenty seven (964 per cent) of the 28 dogs with cardiac disease underwent echocardiography and 24 (857 per cent) had thoracic radiographs.
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Of the 17 dogs with respiratory disease without concurrent cardiac disease, six had chronic bronchial disease, three had pleural effusions of non-cardiac origin, two had complications of megaoesophagus, there was one each of the following conditions lymphocytic rhinitis, pulmonary neoplasia, pulmonary infiltrate with eosinophils, pneumonia secondary to foreign body inhalation and probable pulmonary fibrosis. All 17 dogs in which a diagnosis of respiratory disease was made had thoracic radiographs as part of their investigation, and five dogs (29 per cent) also underwent echocardiography.
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Assay results Descriptive statistics for the groups of dogs with heart failure, heart disease and respiratory disease for each peptide/sample type combination are shown in Table 1. Fig 1 shows the ROC curves for each peptide/sample type combination. Table 2 summarises the areas under the curves and 95 per cent confidence intervals of the prediction of the areas under the curves. Suggested cut-off values for the discrimination of animals with cardiac disease from those with respiratory disease for each peptide/sample type combination are included in Table 3 with the sensitivity and specificity for the discrimination between patients with cardiac disease and respiratory disease at the suggested cut-off value. Concentrations of both peptides in both types of sample differed significantly bet-
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NT-proBNP/plasma Heart failure (n=32) Heart disease (n=28) Respiratory disease (n=17) NT-proBNP/serum Heart failure (n=32) Heart disease (n=28) Respiratory disease (n=17) proANP 31-67/plasma Heart failure (n=32) Heart disease (n=28) Respiratory disease (n=17) proANP 31-67/serum Heart failure (n=32) Heart disease (n=28) Respiratory disease (n=17)



ween the groups of dogs with heart failure, heart disease and respiratory disease (P,0001 for each peptide/sample type combination). An illustrative plot of serum NT-proBNP concentrations according to disease category is shown in Fig 2. Concentrations of proANP 31-67 were significantly higher (P,0001) when measured in plasma (PA) compared with serum (SA), whereas concentrations of NTproBNP did not differ significantly (P = 0121) according to the collection method. Analysis of variance demonstrated that creatinine and urea but not age differed
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FIG 1. Receiver operating characteristic (ROC) curves for the accuracy of each peptide/collection tube combination in the discrimination of patients with cardiac disease from those with respiratory disease



Table 1. Descriptive statistics for each peptide/sample combination according to whether the dogs were considered to have heart failure, heart disease (without failure) or respiratory disease Peptide/sample



0·6



1–Specificity



 January 2008  Ó 2007 British Small Animal Veterinary Association



significantly according to whether the dogs had respiratory disease, cardiac disease without failure or cardiac failure (Table 4). Post hoc Bonferroni showed that the dogs with heart failure had significantly higher concentrations of urea and creatinine, but those dogs with cardiac and respiratory disease were not significantly different. Univariate linear regression analysis demonstrated creatinine and urea to be significantly correlated with concentrations of all four peptides. A scatterplot of serum NT-proBNP concentration versus creatinine concentration is shown in Fig 3. The only confounding variable found to be significantly associated with peptide concentration in the multivariate analysis was the creatinine concentration. This was significantly associated with all the peptide concentrations (Table 5). There was no significant association of the natriuretic peptide concentrations demonstrated with age, sex or reproductive status (neutered versus entire) of the dogs (Table 5).



DISCUSSION The results of this study show that canine NT-proBNP when measured by ELISA can distinguish accurately between patients withcardiacdiseaseandthosewithrespiratory disease when judged against the clinical 29
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Table 2. Estimated area, standard error of estimate and 95 per cent confidence intervals for the areas under the ROC curves for the four peptide/sample type combinations Variable



Plasma proANP 31-67 Serum proANP 31-67 Plasma NT-proBNP Serum NT-proBNP



Estimated area under ROC curve (per cent)



Standard error of estimate (per cent)



95 per cent confidence intervals of estimate



793 852 898 888



62 43 44 37



672-914 767-937 812-984 815-962



ROC Receiver operating characteristic, proANP Pro-atrial natriuretic peptide, NT-proBNP N-terminal pro-B-type natriuretic peptide



Table 3. Suggested cut-off values for each peptide/sample type combination and the sensitivity and specificity of each peptide/sample type combination for the discrimination of patients with cardiac and respiratory disease at the suggested cut-off Peptide/sample type



Suggested cut-off value



Sensitivity (per cent)



Specificity (per cent)



proANP 31-67/EDTA plasma proANP 31-67/Serum NT-proBNP/EDTA plasma NT-proBNP/serum



1200 pmol/l 820 pmol/l 210 pmol/l 210 pmol/l



817 833 85 80



647 765 824 824



Serum NT-proBNP concentration (pmol/l)



proANP Pro-atrial natriuretic peptide, EDTA Ethylenediaminetetraacetic acid, NT-proBNP N-terminal pro-B-type natriuretic peptide
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Patient group FIG 2. A box plot illustrating the concentration of N-terminal pro-B-type natriuretic peptide (NT-proBNP) according to disease group. The whiskers indicate the range of values, the box contains the 25th to the 75th centiles and the line within the box indicates the median. Outliers are indicated by individual points



diagnosis of the attending clinician. NTproBNPconcentrationsappeartodistinguish patients with cardiac disease from those with respiratory disease with greater accuracy than plasma proANP 31-67 concentrations and similar accuracy to serum proANP 31-67 concentrations. One recent study suggested that NT-proANP concentrations were more 30



accurate in discriminating dogs with cardiac from those with non-cardiac dyspnoea than BNP concentrations; however, this study did not involve the measurement of NTproBNP concentrations (Prosek and others 2007). An advantage of the NT-proBNP test appears to be that the results are not sigJournal of Small Animal Practice
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nificantly affected by the sample tube into which the sample is collected. The accuracy of serum NT-proBNP was similar to that of EDTA plasma NT-proBNP. The same cut-off value can be applied as significant differences do not exist between the values obtained using serum or plasma. This is in contrast to measurement of proANP 31-67 where measurement of the peptide in EDTA plasma gave significantly higher peptide concentrations but appeared to be less accurate in distinguishing patients with cardiac disease from those with respiratory disease. A lower cut-off value for this peptide appears appropriate when using serum rather than EDTA plasma. The higher values of EDTA plasma may represent over-recovery of the peptide rather than more accurate determination of a high concentration. An earlier study using the proANP 31-67 ELISA reported values obtained using EDTA plasma and gave higher sensitivity and specificity for the diagnosis of heart failure (Boswood and others 2003); however, the peptide concentrations were used to distinguish dogs with confirmed heart failure from normal dogs. Dogs with heart disease but not heart failure were excluded from the previous study, and therefore, it is understandable that the test appeared to perform better in making this less challenging discrimination. One consequence of levels of these peptides being elevated in patients with heart disease but not heart failure is that they may be elevated in dogs showing clinical signs of respiratory disease but suffering from concurrent but subclinical cardiac disease. In the current study, we chose to include dogs with heart disease and respiratory disease in the heart disease but no failure category. This decision was based on the observation from studies of human patients that individuals with concurrent respiratory disease and cardiac disease have elevations of their natriuretic peptide concentration as a consequence of their cardiac disease, even though their clinical signs are a consequence of respiratory disease (Maisel and others 2002). For this reason, the value of the test, at least at the cut-offs proposed, may be limited in the population of dogs with concurrent respiratory and cardiac disease.
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Table 4. Comparison of the age, creatinine concentration and urea concentration for dogs in the three groups: heart failure, heart disease without failure and respiratory disease



Age (months) Creatinine concentration (lmol/l) Urea concentration (mmol/l)



Heart failure



Heart disease without failure



Respiratory disease



Significance



908 (77-1046) 1255* (1052-1458) 1066* (822-1313)



755 (593-916) 846y (762-930) 622y (471-773)



904 (715-1092) 901y (738-1063) 647y (457-838)



P=0270 P=0001 P=0003



Serum NT-proBNP concentration pmol/l



Values are expressed as means with the 95 per cent confidence intervals for the prediction of the mean in brackets. P values represent the results of a one-way analysis of variance for each variable *Significantly different from the heart disease without failure group and the respiratory disease group ySignificantly different from the heart failure group
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Creatinine concentration µmol/l FIG 3. A scatterplot of serum N-terminal pro-B-type natriuretic peptide (NT-proBNP) concentration against creatinine concentration showing the line of best fit from the univariate linear regression analysis



This study has also shown a moderate correlation between natriuretic peptide concentrations and both urea and creatinine concentrations. The association with creatinine tended to be stronger. This observation concurs with that found in



human patients where renal function must be taken into account when interpreting an elevated BNP or NT-proBNP concentration (Chenevier-Gobeaux and others 2005). Although this may compromise the utility of the test in animals with renal



Table 5. Results of multivariate regression analyses for the four different peptide and collection tube combinations Variable



Significance



R



R2



Coefficient (SE)



P,0001 NS



0417



0174



939 (248)



P,0001 NS
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1005 (1885)



P,0001 NS
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214 (354)



P,0001 NS



0594



0352



2502 (411)



EDTA plasma proANP 31-67 Creatinine M, MN, F, FN, urea, age Serum proANP 31-67 Creatinine M, MN, F, FN, urea, age EDTA plasma NT-proBNP Creatinine M, MN, F, FN, urea, age Serum NT-proBNP Creatinine M, MN, F, FN, urea, age



SE Standard error of the estimate, EDTA Ethylenediaminetetraacetic acid, ProANP pro-atrial natriuretic peptide, M Male, MN Male neutered, F Female, FN Female neutered, NS Non-significant, NT-proBNP N-terminal pro-B-type natriuretic peptide
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dysfunction, concurrent azotaemia and cardiac dysfunction are common (Boswood and Murphy 2006). In human patients, there is a negative interaction between renal disease and cardiac disease, the so called ‘‘cardio-renal syndrome’’, leading to a worse prognosis for patients with heart failure and concurrent renal dysfunction (Schrier 2006). This may actually strengthen the ability of NT-proBNP to prognosticate in this population. This study showed that the urea and creatinine concentrations tended to be elevated in the dogs with heart failure but not in those with heart disease agreeing with previous observations (Boswood and Murphy 2006) and suggesting that some of the elevation of NT-proBNP in these dogs may be a consequence of reduced glomerular filtration rate rather than solely because of increased release from the myocardium. This study failed to demonstrate an association between NT-proBNP concentrations and age or sex. It may be that the study was not adequately powered to demonstrate such a difference. Alternatively, these may represent genuine differences between dogs and human beings. There are some weaknesses in this study. First, not all dogs underwent the same diagnostic investigation. It is therefore possible that patients with undiagnosed cardiac disease were included in the respiratory group and vice versa. There is no single gold-standard test for the diagnosis of heart failure, and this study was primarily aimed at determining the degree of agreement between the clinical diagnosis of the attending veterinary surgeon and the performance of the diagnostic test. Including only practices where the clinical work is supervised by RCVS and European Diploma holders ensured a high 31



standard of clinical decision making. As part of their investigation, all dogs underwent echocardiography or radiography and 59 dogs (77 per cent) underwent both. All dogs in which a diagnosis of respiratory disease was made had been radiographed and all but one of the dogs in which a diagnosis of cardiac disease was made underwent echocardiography. Having said this, it still raises the possibility that patients with occult cardiac disease were included among the respiratory patients. A second weakness of the study was that not all samples were handled in the same way. Some were frozen before being sent to the laboratory that carried out the analysis. Others were posted after separation but before freezing. Despite this variability in handling, the test remained highly discriminatory. In conclusion, our study has shown that NT-proBNP concentrations can discriminate with good accuracy between patients diagnosed with cardiac disease and those diagnosed with respiratory disease that have no evidence of cardiac disease. It is likely that such a test would be of greatest value if the results were available quickly to enable rapid decisions with respect to diagnosis and management of heart failure patients. The future developments of ‘‘bedside’’ testing, as is now available in human patients, would considerably increase the value of this diagnostic test. There may also be future applications of such a test in the monitoring of effects of therapy and prognostication. Future studies will be necessary to establish such value as this was not the aim of the current study.
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