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Brain Natriuretic Peptide Concentration in Dogs with Heart
Disease and Congestive Heart Failure

Kristin A. MacDonald, Mark D. Kittleson, Coralie Munro, and Philip Kass

Plasma brain natriuretic peptide concentration ([BNP]) is high in humans with cardiac disease and is further increased with
congestive heart failure (CHF). The hypotheses of this study were that dogs with moderate to severe mitral regurgitation due to
myxomatous mitral valve disease (MVD) would have increased plasma [BNP] compared to normal dogs, that plasma [BNP] would
be higher in dogs with CHF, and that plasma [BNP] would predict premature death from cardiovascular disease. The study
population consisted of 34 dogs: 9 normal dogs and 25 dogs with MVD. Patients were divided into 4 groups: group |—10 dogs
with moderate to severe MVD and no radiographic evidence of CHF; group 1I—6 dogs with severe MVD and mild CHF; group
Il—7 dogs with severe MVD and moderate CHF; and group IV—2 dogs with severe MVD and severe CHF. Diagnostic tests
included thoracic radiographs, an echocardiogram, a serum chemistry profile, and the measurement of plasma [BNP] by a canine-
specific radioimmunoassay. There was a significant positive correlation between the plasma [BNP] and heart disease/failure groups
(P = .0036). Plasma [BNP] increased with progressively increasing severity of MVD and CHF. Group | dogs had higher plasma
[BNP] than did control dogsR < .0001), and plasma [BNP] was higher in dogs with CHF (groups II-IV versus groBpH;
.012). Plasma [BNP] was also weakly positively correlated with left atrial size 0.43,P = .04). For every 10-pg/mL increase
in plasma [BNP], the mortality rate over 4 months’ time increased approximately 44%.
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lasma brain natriuretic peptide concentration ([BNP]) is of its accuracy, plasma [BNP] is rapidly becoming a stan-
high in human patients with cardiac disease, is higherdard test for detecting the presence of left ventricular dys-

in patients with congestive heart failure (CHF), and is afunction and CHF in human medicirié??*The measure-
good prognostic indicator of premature death from cardio-ment of plasma [BNP] is also becoming an important prog-
vascular diseasel® There is minimal information regarding nostic indicator of cardiovascular mortality in humans.
plasma [BNP] in normal dogs or in dogs with heart dis- The hypotheses of this study were that dogs with mod-
easgl-13 erate to severe MVD would have increased plasma [BNP]
BNP is a hormone that is synthesized in the cardiac atrimompared to normal dogs and that plasma [BNP] would
and ventricles? The induction of BNP synthesis is mostly increase further when CHF is present. We also hypothesized
due to increased ventricular wall stress, but local and cirthat plasma [BNP] would predict early cardiovascular mor-
culating endothelin-1 (ET-1) inductions also increase BNPtality.
synthesis. Both increased systolic and increased diastolic
wall stresses induce BNP synthesist BNP’s biologic ef- Materials and M ethods
fects include primary natrlurE’TSIS and the |nh|b|t|0r) Of renin e study population consisted of canine patients with mitral re-
and_ ET-1 release, resulting in secondary vasodilation anggitation due to MVD that were presented to the University of Cal-
natriuresis’ ifornia at Davis Veterinary Medical Teaching Hospital (VMTH) Car-
Plasma [BNP] is high in many different cardiac diseasesdiology Service from August 2000 to November 2000 and normal
in several speciestit218-2Plasma [BNP] is high in humans dogs owned by students, faculty, and staff of the VMTH. A physical
with dilated cardiomyopathy as well as in dogs and pigsexamination and an echocardiogram were performed on each normal
with pacing-induced myocardial failufe21t.2t Plasma  dog to rule out the presence of cardiac disease. Clients signed a con-
[BNP] is also high with naturally occurring myxomatous sent form for_the inclusion of their dog in_the stud_y. Card_iac patients
mitral valve disease (MVD) in humans and dogs as well agVé"® placed in 1 of 4 groups on the basis of radiographic and echo-
with experimentally created mitral regurgitation in cardiographic assessment of disease severity and radiographic assess-

. . - . - ment of the presence and severity of CHF at the time of the study.
12,13,22 my-
dogs: Diastolic dysfunction, hypertrophic cardiomy The investigators blindly placed the dogs in the heart disease groups

opathy, and systemic hypertension are other diseases as§ore obtaining the plasma [BNP] results. CHF was diagnosed on the

ciated with high plasma [BNP] in human&2°23-2Because
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basis of radiographic evidence of caudodorsally distributed interstitial
to alveolar pulmonary infiltrates and left atrial enlargement. Mild CHF
was defined as radiographic evidence of mild perihilar to caudodorsal
interstitial pulmonary infiltrate® Moderate CHF was characterized by

a moderate density of caudodorsal interstitial pulmonary infiltrates on
thoracic radiograph¥. Severe CHF was defined as radiographic evi-
dence of alveolar pulmonary infiltratésDogs with moderate to se-
vere mitral regurgitation and no CHF were placed in group I, dogs
with severe mitral regurgitation and mild CHF were placed in group
Il, dogs with severe mitral regurgitation and moderate CHF were
placed in group lll, and dogs with severe mitral regurgitation and
severe CHF comprised group IV. Many of the patients in group | had
been in CHF previously and were on medications for CHF at the time
of the study. Patients were excluded from the study if there was evi-
dence of clinically relevant systemic disease other than heart failure,
as determined by physical examination, CBC, serum chemistries, uri-
nalysis, and thoracic radiographs. Because renal failure causes increas-
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Table 1. Current heart failure medication administered to

. . . . - . —
patients in each heart disease group. .= :
Group | Group II Group Il Group IV =
Medication (n=10)(n=6) n=7 (h=2) - #
Furosemide 2 0 0 1 g —
ACE inhibitor 0 0 1 0 &
Digoxin 0 0 0 0 z ] !
Spironolactone 0 0 0 0 -
Hydrocodone 1 0 0 0 ks i
Combination treatment: - _ : :
Lasix plus ACE - - o —
inhibitor 1 1 3 1 E
Lasix, ACE inhibitor, Cortrol Group Groupll  Groupll  Grouplv  Groups
digoxin 2 1 [
Lasix, ACE inhibitor, Fig 1. Distribution of plasma brain natriuretic peptide concentration
hydrocodone 1 1 ([BNP]) in control dogs and dogs with heart disease. Boxes show
Lasix, ACE inhibitor, (from bottom to top) the 25th, 50th, and 75th percentiles. Whiskers
digoxin, extending from boxes capture approximately 95% of the data. Extreme
spironolactone 1 observations are represented by lines. # Significant difference between
% Dogs in each group on group | and control;P = .0001. * Significant difference between
medication 50% 50% 100% 100% groups IV and group IP = .012. t Significant difference between

i i i groups II-IV and controlP < .0001.
ACE, angiotensin-converting enzyme.

the time of diagnosis as well as 4 and 18 months after the diagnosis.
es in plasma [BNP], dogs with a serum urea nitrogen concentratioriThe proportionality and linearity assumptions of the model were as-
>50 mg/dL, a serum creatinine concentrati®8 mg/dL, or both were  sessed by likelihood ratio tests. Results of this model are presented as

excluded from the study. mortality rate ratios (MRRs) and 95% confidence intervals (95% ClI).
Echocardiography was performed with an Agilent Sonos 5500 ul-
trasound machineMeasurements and calculations included left ven- Results

tricular end-diastolic diameter (LVEDD), left ventricular end-systolic

diameter (LVESD), shortening fraction, left atrial : aortic diameter ratio ~ There were 25 dogs with MVD in the study and 9 normal
obtained from 2-dimensional echocardiography in the right parasternatontrol dogs. Ages of control dogs ranged from 4 to 10
short-axis view (LA: Ao), color flow Doppler echocardiography, and years (mean, 6.9 years), and weights ranged from 7 to 55
continuous wave Doppler echocardiography—derived mitral regurgitankg (mean, 31.3 kg). Patient ages ranged from 18 months to
velocity. LVEDD was indexed (LVEDDI) to 1.44 Kg?% and LVESD 14 years (mean, 10.3 years), and weights ranged from 3.5
was indexed (LVESDI) to 0.69 kg:22%° Radiographic heart size was ’ ' .
semiquantified by calculating a vertebral heart scale from the latera od%ijg?n(gr;gﬁg’lﬁgzgggIr-:—g?gi[\)/vlellrea:rl]?i gczigosglsnir?grlcjjﬂpll

view of thoracic radiograph®.Plasma [BNP] was measured with a . L .
commercial, competitive radioimmunoassay kit specific for canine!V- Table 1 depicts the current medications administered to

BNP-32° All materials and buffers were supplied with the kit and Patients in each heart disease group.

used in strict accordance with the kit guidelines. Radioimmunoassay There was a significant ordinal correlation between the
measurement of plasma canine BNP-32 has been validated in a prgglasma [BNP] and heart disease groups=f .0036) (Fig
vious study:® Blood samples were collected in polypropylene tubes 1). Plasma [BNP] was significantly high in the patients with
containing EDTA and aprotinin. Samples were immediately centri- MVD and no CHF (group |) when compared to the control
fuged at OC, plasma was frozen at70°C, and samples were batched dogs P < .0001). Additionally, plasma [BNP] was greater
for analysis. All plasma samples were extracted before the assay agp, dogs with MVD and CHF (groups II-IV) than in control

cording to the manufacturers’ instructions. . .
Owners of the dogs were verbally contacted to determine short-terr’qd)o(gl:)S S <Oig())o(:||;)iga;)we” as in dogs with MVD only (group

patient survival data at 4 months after the initial diagnosis and long- .9 .
term patient survival data at 18 months after the initial diagnosis. There was minimal overllap in the plasma [BNP] of nor-
Deaths were classified as cardiac or noncardiac in origin. mal dogs and group | patients. A plasma [BNP] cutoff of

Statistical analyses were performed by Statvievasd StatXact. 23 pg/mL provided the best sensitivity (86%; 95% CI, 65—
The Jonckherre-Terpestra test was used to compare the trend in BN®7%) and specificity (100%; 95% CI, 72—100%). Similarly,
concentration across the 4 groups of dogs with MVD and progressivelya plasma [BNP] cutoff of 35 pg/mL provided the best sen-
increasing severity of CHF. The Mann-Whitnéytest was used to  sitivity (86%; 95% CI, 57-98%) and specificity (70%; 95%
compare the plasma [BNP] of the control group with group | heartCL 35-93%) for distinguishing between dogs with heart
disease as well as to compare the plasma [BNP] of groups II-IV (dogsra”ure due to MVD and dogs with MVD but without heart
with severe MVD and CHF) with the control group and group I. Sim- failure.

ple linear regression was used to evaluate the following independent . .
variables with regard to the dependent variable of plasma [BNP]: Four-month survival data were available for 21 of the 25

LVEDDI, LVESDI, LA: Ao, and vertebral heart score. Pearson's prod- d0gS. One dog was censored from the short-term survival
uct-moment correlation coefficients were calculated. Statistical signi-analysis because it had undergone surgical repair of the
icance was defined @& = .05. A Cox proportional hazards regression Mitral valve. Nine of the 20 remaining dogs with MVD died

model was used to evaluate the relationship between plasma [BNP] aar were euthanized because of worsening CHF early, within
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pensated and required surgery for valve replacement. In the
. current study, a plasma [BNP}35 pg/mL was moderately
sensitive and specific for differentiating dogs that were not
in heart failure from dogs with CHF.

The present study showed that, over a 4-month evalua-
tion period, as plasma [BNP] at the time of diagnosis in-
creased, the rate of death increased. There are no other
. veterinary studies that have evaluated plasma [BNP] as a
o0 s prognostic indicator of death from cardiovascular disease.

s However, plasma [BNP] is a good prognostic indicator of
‘ cardiovascular mortality in humans with CHF due to dilated
cardiomyopathy as well as ischemic heart diséas&€One

Fig 2. Scattergram of plasma brain natriuretic peptide (:oncentrationsmdy measured plasma [BNP], plasma atrial natriuretic
([BNPY]) in control dogs and group | heart disease dogs with moderaté:)eptlde concentration, and plasma norepinephrine concen-

to severe mitral valve disease (MVD) but no heart failure. trat_ion in persons With CHF due to dilated cardiomyopathy
or ischemic heart disease. Only plasma [BNP] was an in-
dependent predictor of risk of de&tiRlasma [BNP] also

4 months of the initial evaluation. A dose-response relaProvided prognostic information independent of other he-

tionship between plasma [BNP] and the rate of death withinmodynamic variables such as left ventricular ejection frac-
i 9
4 months of diagnosis (ie, short-term survival) was found:tion-* Another study surveyed 1,640 people randomly cho-

for every 10-pg/mL increase in plasma [BNP], the mortality sen frc_)m the general po_pulation and found that p_Iasma
rate increased approximately 44% (MRR 1.4; 95% ClI, [BNP] independently predicted death due to left ventricular

1.1-1.9). For example, a dog with a plasma [BNP] of 100dysfunction® _
pg/mL had a 12.6-fold greater rate of mortality over 4 1ne measurement of plasma [BNP] has been used in hu-
months’ time than a dog with a plasma [BNP] of 30 pg/ Man medicine as a screening test to detect asymptomatic
mL (MRR = 12.6; 95% Cl, 6.8-82.3). Only 1 dog died of left ventricular systolic dysfunction. One study evaluated
a noncardiac cause at 6 months after the initial diagnosid:2>2 randomly selected people and found that a plasma
and was eliminated from the long-term survival analysis.[BNP] =18 pg/mL was moderately sensitive (77%) and
Fifteen of the remaining 19 dogs (79%) died or were eu_S|oeC|f|c (87%) for detecting asymptomatic left ventricular

thanized because of worsening CHF by 18 months aftepystolic dysfunctiori” This value is very similar to the val-

initial diagnosis. There was no relationship between plasm&'€ ©f 23 pg/mL found in the current study for detecting
[BNP] and long-term patient survival at 18 months after '€art disease. Another study measured plasma [BNP] in
the initial diagnosis. 200 patients referred for echocardiography and found that

Simple linear regression showed a statistically significan@ Nigh plasma [BNP] was highly specific (98%) for detect-

but clinically weak correlation between plasma [BNP] and "9 left ventric_ular systolic dysfunctioft. .
LA:Ao (r = 0.43;P = .04). There was no significant cor- Increased diastolic wall stress also causes increased syn-

relation between [BNP] and the other measured variablest€sis and release of BNP from ventricular myocardiéim.
Plasma [BNP] is high in humans with diastolic dysfunc-
tion.2%23 The measurement of plasma [BNP] has been used
as a screening test for the presence of asymptomatic dia-
This study showed that plasma [BNP] was high in dogsstolic dysfunction and left ventricular hypertropttyA
with moderate to severe MVD and was further increased irplasma [BNP]>25 pg/mL was useful for detecting left
dogs with CHF due to severe MVD. There are only 2 pub-ventricular diastolic dysfunction and hypertrophy in that
lished veterinary studies that have evaluated plasma [BNP§tudy. Again, this value is very similar to the value of 23
in dogs with naturally occurring cardiac disease. One studyg/mL found in the current study for detecting heart dis-
measured plasma [BNP] in 19 dogs with CHF and MVD ease.
(n = 17) or dilated cardiomyopathy (& 2).* Another Recently, a rapid bedside plasma [BNP] test became
study measured plasma [BNP] in 76 Cavalier King Charlesavailable for humans, and it has been used in the emergency
Spaniels with MVD of varying severitiz. Both studies room setting as a screening tool for detecting GH®oO
found that plasma [BNP] was high only in dogs with mod- studies have evaluated plasma [BNP] in dyspneic patients
erate and severe CHF. In contrast, the present study fourngho were presented to urgent care hospitaBoth studies
that plasma [BNP] was high in dogs with moderate to se-found that plasma [BNP] was higher in patients with CHF
vere myxomatous MVD in the absence of CHF and thatthan in patients without CHF. In one of the studies, 30 of
plasma [BNP] was further increased with CHF due to se-250 dyspneic patients were misdiagnosed clinically. When
vere MVD. Plasma [BNP] increased as CHF progressivelya plasma [BNP] measurement was used, there was only 1
worsened. misdiagnosis. In addition, the measurement of plasma
Similar to our study, a study in humans found that plasmgBNP] was highly specific for detecting the presence or
[BNP] was high with moderate to severe MVD and that absence of CHF, and the diagnostic accuracy was not im-
plasma [BNP] increased with worsening signs and hearproved by obtaining thoracic radiograpgh$o our knowl-
failure class? That study reported that a plasma [BNP] edge, no veterinary studies have measured plasma [BNP]
>36 pg/mL was predictive of patients who later decom-as a screening test for CHF. A future study should evaluate
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the measurement of plasma [BNP] as a test to discriminatene of the earliest and most reliable markers of ventricular
between primary respiratory disease and CHF in dogs precardiomyocyte hypertrophy. Ventricular BNP secretion
sented for dyspnea. also increases with increasing severity of left ventricular
Plasma [BNP] has also been used to predict a humanysfunctiong
patient’s response to treatméntn one study, serial plasma  The major determinant of BNP synthesis and secretion
[BNP] measurements of hospitalized CHF patients predictis wall stress# Both mechanical stretch and pressure over-
ed treatment outcome and mortality. Patients whose plasmi@aad induce BNP gene expression and increase BNP secre-
[BNP] declined during hospitalization were much less like- tion.2*5” However, BNP synthesis can be induced by both
ly to be rehospitalized or die than patients whose plasmdoad-dependent and load-independent mecharfisirtsere
[BNP] increased during hospitalization. Future veterinaryis debate regarding whether wall stress directly causes BNP
studies should evaluate plasma [BNP] during the treatmensynthesis and release or whether increased wall stress caus-
of CHF and assess whether the measurement of plasnes local autocrine or paracrine factors to induce BNP syn-
[BNP] can be used to help tailor the medical treatment ofthesis. Possible local factors may include the renin-angio-
CHFE tensin system and ET-1. ET-1 is synthesized and secreted
Variables such as age, posture, and time of day couldrom endothelial cells and cardiomyocytes and is released
theoretically change plasma [BNP]. The effect of aging onduring endothelial stretch or pressure overlgadT-1 has
plasma [BNP] has been studied in humans and dogs. Albeen shown to induce ventricular BNP synthesis and cause
though plasma [BNP] has been shown to mildly increasean increase in plasma [BNF®3 Although cardiomyocyte
with age in humans, there is no correlation between plasmatretch causes acute AT-Il release, one study showed that
[BNP] and age in dog%:**BNP is not affected by postural AT-Il is not required for stretch to trigger increased BNP
changes, and there is no circadian rhythm of secrétigh. gene expression in the atria and ventrickeExperiments
Acute (ie, minutes) volume overload does not affect plasmawith cultured neonatal cardiomyocytes have shown that me-
[BNP].3” However, within 1 hour of producing an increase chanical stretch in the absence of neurohumoral control in-
in ventricular wall stretch, BNP gene expression is activatectreases gene expression and secretion of BNIRe same
in the left ventricle® experiment showed that an AT-Il receptor blocker, an ET-
The primary direct biologic effect of BNP is the produc- 1 receptor blocker, or the combination of both AT-Il and
tion of natriuresis in the proximal and distal renal tubufes. ET-1 receptor blockers reduce mechanical strain—induced
BNP also inhibits endothelin-l and renin secretion andBNP gene transcription by 50%Therefore, both mechan-
therefore causes secondary decreases in angiotensin Il (Afecal strain and neurohumoral stimulation appear to be im-
II) and aldosterone concentratiofis'® Consequently, it portant inducers of BNP production. In humans with dilated
produces secondary biologic effects that include vasodilacardiomyopathy, BNP-expressing cardiomyocytes have
tion and natriuresi& Natriuretic peptides also possess an-been found in the subendocardial layer, fibrous areas, and
tiproliferative properties in the mesangial cells of the kid- perivascular region%.These findings show that, in addition
ney, astrocytes, endothelial cells, cardiac fibroblasts, vasto global wall stress, there may be regional factors that
cular smooth muscle cells, and cardiomyocyte$.BNP induce BNP synthesis in the left ventricle.

inhibits collagen synthesis, possibly by ET-1 inhibitits® Although plasma [BNP] was increased in the patients of
BNP is degraded by neutral endopeptidases in the myocasur study with MVD and CHF, plasma [BNP] was not
dium, lungs, and kidney3. markedly related to radiographic heart size or echocardio-

High plasma [BNP] in human patients with moderate to graphic-derived chamber sizes, including LVEDDI and
severe cardiac disease is likely due to increased left ventVESDI. By simple linear regression, there was a very
tricular synthesig** However, BNP synthesis and secretion weak relationship between left atrial size and plasma
are different, depending on the presence or absence of cdBNP]. There is minimal clinical relevance with such a low
diac disease. BNP is synthesized as a prohormone, antbrrelation coefficient. The echocardiographic variables of
most of the active hormone is released into circulation with-left ventricular size are not good approximations of left
out being stored in granulé%st In the absence of cardiac ventricular wall stress. Because wall stress is the major
disease, the tissue concentration of BNP is greatest in thstimulus for the synthesis and release of BNP, the calcula-
atria}* Given the large mass of the ventricles, the total car-tion of ventricular wall stress would have been more ap-
diac content of BNP is greater in the ventricles. In fact, 50—propriate than the measurement of left ventricular echocar-
60% of circulating BNP is synthesized in the ventricles in diographic dimensions. However, left ventricular wall stress
normal individuals:* There appears to be a different regu- is difficult to calculate and requires invasive procedures.
lation of atrial and ventricular BNP synthesig#5253BNP The major limitation of this study is the small number
is secreted from ventricular myocytes quickly after synthe-of control dogs and patients included. Although there were
sis via a constitutive pathway, but in the atria, it is storedstatistically significant results, further studies should be car-
in granules and released by a regulatory pathi®&ages1>4  ried out in larger populations of dogs to verify and refine
ET-1 causes ventricular but not atrial synthesis of BNP inthese findings. Other potential areas of BNP research in-
deoxycorticosterone acetate—salt hypertensivet&taring clude the measurement of plasma [BNP] as a screening test
early left ventricular dysfunction, plasma [BNP] is in- for differentiating dyspneic patients with CHF from patients
creased, and atrial tissue contents of BNP and BNP meswith primary respiratory disease, the measurement of plas-
senger RNA (mRNA) are also increaseédOnce CHF is ma [BNP] in other cardiac diseases such as hypertrophic
present, plasma [BNP] and left ventricular BNP mRNA are cardiomyopathy and dilated cardiomyopathy, and the mea-
further increased. The activation of BNP transcription is surement of plasma [BNP] for the therapeutic monitoring
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of patients with CHF. The veterinary profession would ben-plasma atrial natriuretic peptide and N-terminal proatrial natriuretic
efit from having a simple diagnostic test that would help peptide. Circulation 1996;93:1963-1969.
identify patients with heart disease and patients with CHF 11. Luchner A, Stevens TL, Borgeson DD, et al. Differential atrial
as well as help distinguish patients with respiratory diseasﬁ”d ver_1tr|cular expression of myocardial BNP during evolution of
from patients with CHF. eart failure. Am J Physiol 1998;274:H1684—-H1689. _ _
. . . 12. Haggstrom J, Hansson K, Kvart C, et al. Relationship between
. In (.:onclusmn., this study suggests that plasma [BNP] _'Sdifferent natriuretic peptides and severity of naturally acquired mitral
h!gh 'n. dogs W'th moderate to severe MVD filone and ISregurgitation in dogs with chronic myxomatous valve disease. J Vet
higher in dogs with severe MVD and CHF. This study also cardiol 2000:2:7-16.
suggests that severe increases in plasma [BNP] may be pre-13. Asano K, Masuda K, Okumura M, et al. Plasma atrial and brain
dictive of premature death due to cardiovascular diseaseatriuretic peptide levels in dogs with congestive heart failure. J Vet
much like in human medicine. Med Sci 1999;61:523-529.
14. Magga J, Vuolteenaho O, Tokola H, et al. B-type natriuretic
peptide: A myocyte-specific marker for characterizing load-induced
alterations in cardiac gene expression. Ann Med 1998;30(Suppl 1):
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mont,. CA ] 16. lkeda T, Matsuda K, Itoh H, et al. Plasma levels of brain and
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