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“ Cardiologists and internists may now have a tool
with whichto determine whether a patient has congestive
heart failureand to measure its severity, much as physi-
ciansroutinely measureserumecreatininein patientswith
renal disease and performliver-function testsin patients
with hepatic disorders.”

K. L. Baughman, Johns Hopkins

The discovery of an endocrinelink between the heart
and the kidneys hasits basisin the electron microscopic
finding that the striated muscle cells of the cardiac atriain
mammalsaredifferentiated both ascontractileand asendo-
crinecells. Atrial natriureticfactor (ANF), acirculating pep-
tidewith natriuretic, diuretic, and vasorel axant properties,
wasdiscoveredintheearly 1980sby A. J. deBold, whenit
was considered the humoral link between the heart and
kidney that had long been predicted *. Sincethen, ahuge
number of multidisciplinary investigationshave been con-
ducted to investigate the actual role of thispeptidein the
pathogenesisof cardiovascular and renal diseaseaswell as
intheregulation of salt and water excretion and blood pres-
sure. Theseinvestigationshave ended up being anexample
of “bench-to-bedside” research as B-type natriuretic
peptide(BNP) now isreachingtheclinical arenawithincrea-
sed expectations.

Theaimof thisreviewisto providetheclinicianwithan
update on progress made and determining where we stand
now intermsof incorporating BNPintodaily clinical practice.

Natriureticpeptides

ANF, BNP (alsocalledbrain natriuretic peptide), and C-
type natriuretic peptide (CNP) constitute the natriuretic-
peptidefamily 2.

University of Ottawa Heart Institute, Canada and Hospital S&o Francisco,
Santa Casa de Porto Alegre.

Mailing address: Haissam Haddad MD FRCPC - Heart Failure Program Director
University of OttawaHeart Institute - 40 Ruskin Street Suite H147, Ottawa- ON,
K1Y 4W7 — Canada - E-mail: hhaddad@ottawaheart.ca

Their principal roleisparticipation in cardiovascular
homeostasis and modulation of cell growth. ANF mRNA
has been found in many tissuesbut ismost abundant in the
ariaof theheart. BNPwasfirstisolated frombrain homoge-
nates but is also found in the circul ation and the highest
concentrationisin myocardial tissue. Both ANFand BNP
arenormally produced by the cardiac muscle cells of the
aria, fromwherethey arerel eased. However, under atypical
conditions, such asin myocardial structural disease, BNP
seemsto beproduced inlarger amountsby theventricles?.
Collectively, thenatriuretic peptides counterbal ancethe ef-
fects of the renin-angiotensin-aldosterone system. ANF
and BNP plasma concentrationsincrease in response to
atrial stretch, and they have been shown to be physiologi-
cal antagonists of the effects of angiotensin 11 on vascular
tone, al dosterone secretion, renal sodium reabsorption, and
vascular-cell growth.

CNPisfound predominantly inthebrain and endothe-
lial cellsand plasmaconcentrationsarevery low 4. For this
reason, themost widely studied natriuretic peptidesin car-
diovascular diseaseare ANPand BNP(fig. 1).

BNP asadiagnostictool

BNP has been studied as areliable diagnostic tool to
be used in the emergency room as a screening test in pa-
tientswho complain of dyspnea.

Daviset a 5, after measuring ANF and BNPin 52 pa-
tients presenting to the emergency room with acute dysp-
nea, showed that plasmaBNP concentrationsonadmission
indicated the correct diagnosis more accurately than did
gjectionfraction or concentrationof ANF. Dao et al ® measu-
red BNPin 250 patients presenting to emergency rooms
with dyspneaas aprimary symptom and were ableto find
significant discrepanciesin BNP val ues between patients
with and without congestive heart failure (CHF). In this
study, BNP at acutpoint of 80 pg/mL was highly sensitive
and highly specific for thediagnosisof CHF. Thenegative
predictiveva ueof BNPvaluesunder 80 pg/mL was98%for
thediagnosisof CHF (fig. 2).

Morerecently, Harrison et al investigated whether
BNP levelsdrawn in patients presenting with dyspneato
the emergency room were a predictor of future cardiac
events. They reported that aBNPvalue of 480 pg/mL hada
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Natriuretic Peptides

Fig. 1- TheNatriuretic Peptide Family.

sensitivity of 68%, specificity of 88%, and an accuracy of
85% for predicting asubsequent CHF endpointin 6 months.
Alternatively, patientswith BNPlevelslessthan 230 pg/mL
had an excellent prognosiswith only a2.5% incidence of
CHF endpoints. Finally, the authors concluded that in this
study popul ation, BNPlevelsmeasured in patients presen-
tingwith dyspneato theemergency roomarehighly predic-
tiveof cardiac eventsover thenext 6 months.

A large-scal e, multicenter study hasbeen recently com-
pleted inwhich 1586 patientswith acute shortness of breath
wereexaminedwiththeaimof testing BNPindifferentiating
cardiac from noncardiac causes of dyspnea. Results show
that BNPhad good specificity and ahigh negativepredictive
value, withan areaunder therecelver-operating characteris-
tic curve of 0.91. It also confirmsthe association between
BNP plasmalevelsand the severity of CHF asindicated by
New York Heart Association functiona class(fig. 3). The
same study demonstrated that asingle BNPlevel wasmore
accuratefor diagnos sof CHF than both the Framingham cri-
teriaand the National Health and Nutrition Examination
(NHANES) Score’.

Receiver-operated characteristic (ROC) curves sug-
gest that aBNP cutpoint of 100 pg/mL providesareasonable
meansfor discriminating between patientswith and without
CHF, withasensitivity from 82.4%to detect CHFingeneral
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Fig. 2 - Receiver-operated curvesfor BNP and emergency department diagnosis of
CHF, using all 250 patients. (Adapted from Daoet a ©).
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andupto99%for NYHA classIV. The BNPtest specificity
exceeded 95% when comparing patientswith and without
CHE

BNP and diagnosisof diastolicdysfunction

Asmany as40%to 50% of patientswith adiagnosisof
CHF have normal systolic function, which implicates
diastolicdysfunctionasthemost likely potential abnormality
responsiblefor this disorder. The prevalence of diastolic
heart failureincreaseswith age, withan approximateincidence
of 15% to25% in patients <60 years of age, 35%t040%in
those between 60 and 70 years of age, and 50% in patients
>70yearsof age®. Thediagnosis of diastolic heart failure
cannot be distinguished from that of systolic heart failure
based on history, physical examination, chest X-ray, andECG
alone®. Clinically, the diagnosis of abnormal diastolic
performanceisbasedonexclusion, ie, theabsenceof systolic
dysfunctioninpatientswithclinical CHF.

Krishnaswamy et d *°reported theutility of BNPindis-
tinguishing diastolicin additionto systolic dysfunction. L eft
ventricular (LV) functionwasassessedin400 patients. In147
patients, LV functionwasconsidered normal and BNPlevels
werelow at 30+36 pg/mL , wherethosewith systolicdysfunc-
tion had amean level of 416+413 pg/mL. Patientswith
preserved systolic function but with diastolic dysfunction
hadvauesof 391+89 pg/mL (P<0.001 comparedwithnormdl).
The areaunder the ROC curvefor BNP levelsto detect
diastolic dysfunction by echocardiography in patientswith
CHFand norma systolicfunctionwas0.958*; andto detect
any abnormal echocardiographic finding was 0.95 (91%
confidenceinterval: 0.93t0 0.97) 1°. Other authors 22 have
also reported increased levels of BNP in the presence of
diastolic dysfunction.

Morerecently, Lubienet a * studied 294 patientsrefer-
red for assessment of LV function by echocardiography.
Thegoa wasto differentiatethevariousLV filling patterns
by Doppler vel ocity recordingsinindividua swithnorma LV
systolic function. Patientswith systolic dysfunction were
excluded. Patientsdiagnosed withany evidenceof diastolic
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Fig. 3 - Relationship between BNP and congestive heart failure severity as
measured by New York Heart Association Functional Class. (Copyright Biosite
Diagnostics, 2001).
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dysfunction had amean BN P concentration of 286+31 pg/
mL; thoseinthenormal LV group had amean BNP concen-
tration of 33+3pg/mL. Patientswithrestrictive-likefilling
patterns on echocardiography had the highest BNP levels
(40866 pg/ml), and patientswith symptomshad higher BNP
levelsinall diastolicfilling patterns(fig. 4). Theareaunder
the receiver-operating characteristiccurvefor BNPto de-
tect any diastolic dysfunction in patientswith normal sys-
tolicfunctionwas0.92 (95%Cl, 0.87t00.95; P<0.001). This
isthefirst study of thedifferent LV filling patternsvisualized
by Doppler velocity recordingsandtofinally concludethat
arapid assay for BNP can reliably detect the presence of
diastolic abnormalitieson echocardiography.

These studies concluded that BNP levels cannot
alonedifferentiate between systolic and diastolic dysfunc-
tionandthat alow BNPlevel inthesetting of normal systo-
licfunctionmight likely ruleout clinically significant diasto-
lic dysfunction. In fact, for some patients, thefinding of a
normal BNPlevel may precludetheneed for echocardiogra
phy. In patients with normal systolic function and clinical
CongestiveHeart Failure, anelevated BNPlevel appearsto
substantiate the diagnosis of diastolic dysfunction.

BNP and hemodynamicmonitoringin
heartfailure

Clinical findingshave demonstrated limited reliability
for indicating the hemodynamic status of Congestive Heart
Failure patients*51¢. A number of reports”® have sugges-
ted that “tail ored vasodilatation,” aimed at normalizing pul -
monary artery wedge pressureand systemicvascular resis-
tanceinHFwithventricular dilation, resultsinabetter clini-
cal outcomethan doesempirictreatment. Stevensoneta
demonstrated adecade ago that patients with severe heart
failurelisted for transplant who wereableto respond favo-
rably totailored therapy had al-year mortality of 38% while
nonresponders had 83% 1-year mortality. The benefits of
tailoring therapy withthehel p of aSwan-Ganz catheter resi-
desoninthe notion that reducing filling pressuresto near
normal levelsleadstoideal cardiac output . Thiscould
occur becauseof areductioninmitral regurgitation, but also
from decreasesin myocardia oxygen consumption.

However, thetail ored vasodil atation approach requires
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Fig. 4- BNPlevelsin patientswith normal function by echocardiography and with
diastolicdysfunction. Dataare expressed asboth mean + SEM (A) and geometriclog
mean (B). Bothweresignificant at P<0.001. Adapted from L ubienet al. 4.
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expensiveinpatient care and an invasive procedurefor in-
sertion of aSwan-Ganz catheter. A smpleand reliableblood
test that correlatesto changesin pulmonary wedge pressure
during heart failuremanagement would beof significant vaue.

Plasmaconcentrationsof BNPnot only reflect left ven-
tricular filling pressure® but arealso closely correlated to
thechangesinthe pulmonary capillary wedge pressure du-
ring hospitalization (r=0.73, P<.05) ?. Patientsthat failed to
respond to tailored therapy could beidentified by BNP
levels, and these patientswereal so morelikely to bere-ad-
mitted 2. That being said, BNP may be an effectiveway to
improvethein-hospital management of patientswith severe
heart failureaswell asto allow the possibility of an outpa-
tient tailored therapy, obviating theneedfor invasivehemo-
dynamicmonitoring.

BNPand atrial fibrillation

Atrial fibrillation (A-Fib) isafrequent diseaseamong
theelderly, patientswith Congestive Heart Failure, and el -
derly patients with Congestive Heart Failure. It iswell
knownthat BNPisanoninvasivetool thatisreliably corre-
lated withleft ventricular end-diastolic pressure, anditisin
fact amarker of themyocardia stretch?. A previousstudy®
demonstrated that A-Fib isan independent determinant of
higher plasmaANFlevels. Although BNPand particularly
ANF are expected to be elevated in patients with atrial
fibrillation with or without LV dysfunction, it has been
shown that both peptidestend to decrease after successful
direct DC cardioversion 2. Other authors % have shown
that in patientswith A-Fib, BNPisincreased and the atrial
myocardium itself has been reported as the source of in-
creased BN P production. Another pieceof evidenceof cor-
relation between arrhythmiasthat invol ve atrioventricul ar
uncoupling and BNP levels comes from astudy that sho-
wed increased plasma BNP levelsin patientswith a pace-
maker in VVI mode when compared with apacemaker in
DDD or AAl mode?. After atrial cardioversion, BNPgra-
dually drops?.

BNP and ischemicheart disease

A significant number of studies have demonstrated
that after amyocardial infarction, ahigher level of BNPisas-
sociatedwithalarger infarct size?, anincreased likelihood
of ventricular remodeling 2, alower gjectionfraction?, and
anincreasedrisk of heart failureand death %.

Most recently, BNP has been evaluated in the whole
spectrum of acute coronary syndromes. A subgroup analy-
sisfromthe OPUSTIMI 16 study revealed that higher levels
of plasma BNP were associated with coronary stenoses
greater than 50% and with positive exercise stress tests
(P<0.001)%.

DelLemoset al * reported that the baselinelevel of B-
typenatriuretic peptidewascorrel ated with therisk of death,
heart failure, or myocardial infarction at 30 daysand 10
months. Thisassoci ation remained significant in subgroups
of patientswho had myocardial infarctionwith ST-segment
elevation (P=0.02), patientswho had myocardial infarction
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without ST-segment el evation (P<0.001), and patientswho
had unstableangina (P<0.001). Survivorshad amean BNP
level of 80 pg/mL and patientswho died within 30 daysafter
theindex M1 hadamean BNPlevel of 153 pg/mL (P<0.001).
These findings were independent of troponin levels, age,
presence or absence of heart failure, renal failure, and ST
segment deviation.

These authors concluded that a single measurement
of BNP, obtained in thefirst few days after the onset of is-
chemic symptoms, provides predictiveinformationfor use
in risk stratificationacrossthe spectrum of acute coronary
syndromes. Cardiac neurohormonal activation may bekey
information among patientsat highrisk for death after acute
coronary syndromes.

BNPininterventional proceduresand acute
coronary syndromes

BNPIlevel hasalso been tested in the setting of percu-
taneous coronary interventions (PCl) and has been found
tobeeevated duringandimmediately after theballoondila-
tation. Furthermore, plasmaBNPlevel sreturnedto baseline
shortly after the procedure 3. The mechanism behind this
finding isthat BNPincreasesinresponseto acutely increa-
sed LV pressures secondary to transient myocardial ische-
miainduced by PCI. To confirmthistentative mechanism,
Tateishi et a * studied agroup of patientsundergoing diag-
nostic coronary angiography and compared them to ano-
ther group of patients undergoing coronary interventions.
Although no hemodynamic changeswere observed before
and after the procedure, plasmaBNPwasincreased only in
thegroup of patientswho underwent PCI. Considering this
result, BNPwould possi bly account for minimal hemodyna:
micimpact secondary to balloon-induced ischemiathat is
otherwise undetected by conventional hemodynamic mea-
surements. The BNPvariation during angiopl asty may be-
come asurrogate marker to indicate how much ischemic
myocardiumisunder aparticul ar coronary supply.

Finally, in agreement with the above-mentioned re-
sults, BNPlevel hasbeen definitely associated withincrea-
sed risk of cardiac eventsin 450 patients presenting with
acutecoronary syndromes. Inamulti-marker approach for
risk stratification in acute coronary syndromes, BNP has
been shown to add independent prognostic information =,

BNP and diabetesmellitus
Itiswell known that diabetic patientshaveanincrea-

sed risk of ischemic heart disease and ahigher incidence of
Congestive Heart Failure. Diabetic patients also have a
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higher prevalence of both diastolic and systolic LV dys-
function®. Theseabnormalitiesarefrequently asymptoma-
tic particularly in diabetic patients, although they can be
treated with well-established modalitieswith proven effica-
cy, suchas A CE-inhibitorsand beta-blockers®.

Although echocardiography isthecornerstonefor the
diagnosisof LV dysfunction, in diabetic patientsit hassig-
nificant drawbacks: itisnot readily availablein diabetic cli-
nics, itisusually reserved for symptomatic patients; anditis
too expensiveto be used as a screening tool, especialy in
asymptomatic patients. Yet, identification of diabetic pa-
tientswith LV dysfunctionisextremely important. To test
the hypothesis of whether BNP levelswould serveasa
screeningtool in diabetic patientsto assessthe presenceor
absence of cardiac dysfunction, Maisel et a * studied 111
diabetic patientsreferred for echocardiography to the San
Diego Veterans Administration Healthcare System. In pa-
tientswithnormal LV function, BNPwas39+8pg/mL. This
was significantly less than that in patients with systolic
dysfunctioninwhichBNPwas379+138pg/mL orinpatients
with diastolic dysfunctioninwhich BNPwas474+106 pg/
mL. Patients with systolic and diastolic dysfunction had
BNPlevelsof 958+169 pg/mL. Theareaunder thereceiver-
operating characteristic curve showing the sensitivity and
specificity of BNPversustheechocardiographic diagnosis
was0.953. They concluded that asimpleand rapid assay for
BNP could be used to reliably screen diabetic patientsfor
the presence or absence of LV dysfunction, especially for
detecting early LV dysfunctionin asymptomatic patients.

Conclusion

Insummary, BNPisaneurohormonethat issynthesi-
zedinthecardiac ventriclesandisanindicator of raisedin-
tracardiac pressure. It may beincreased dueto avariety of
structural cardiac diseases, such as Congestive Heart
Failure, LV systolicor diastolic dysfunction, rapid atrial fi-
brillation, acuteischemia, or significant valvedisease. Thus,
the value of BNP residesin its high negative predictive
value (> 96%). Nevertheless, BNP isbecoming ageneral
screening test for echocardiogram requests, regardl ess of
thereason for theechocardiogram, an extremely useful and
reliabletool inthe diagnosisand prediction of the severity
of Congestive Heart Failurein the emergency room, apo-
tential surrogatemarker for hemodynamic monitoringin pa-
tientswith severeheart failure, aswell asaprognostic mar-
ker in patientswho have had an acutemyocardia infarction.
Several other applicationsare under investigation, and so-
meauthorshave dared to comparethe usefulnessof BNPin
heart diseasetotherolethat creatinineplaysin patientswith
renal disease.
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