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The International NTThe International NT--proBNP proBNP 
ConsensusConsensus



Topics
•• Natriuretic peptide biologyNatriuretic peptide biology

•• NTNT--proBNP: Lab AspectsproBNP: Lab Aspects

•• Population TestingPopulation Testing

–– High Risk PopulationsHigh Risk Populations

•• NTNT--proBNP testing in Primary Care proBNP testing in Primary Care 
Diagnosis of HFDiagnosis of HF

•• NTNT--proBNP Testing for Diagnostic proBNP Testing for Diagnostic 
Evaluation of Acute DyspneaEvaluation of Acute Dyspnea

•• The Differential Diagnosis of an The Differential Diagnosis of an 
Elevated NTElevated NT--proBNPproBNP

•• Grey Zone NTGrey Zone NT--proBNP ValuesproBNP Values

•• NTNT--proBNP in Ischemic Heart proBNP in Ischemic Heart 
DiseaseDisease

•• NTNT--proBNP for Prognosis in Acute proBNP for Prognosis in Acute 
DyspneaDyspnea

•• NTNT--proBNP for Prognosis in proBNP for Prognosis in 
Chronic Heart FailureChronic Heart Failure

•• NTNT--proBNP for Inpatient Monitoring proBNP for Inpatient Monitoring 
of Acute Heart Failureof Acute Heart Failure

•• NTNT--proBNP for Outpatient proBNP for Outpatient 
Monitoring of Chronic Heart FailureMonitoring of Chronic Heart Failure

•• NTNT--proBNP and Renal DiseaseproBNP and Renal Disease

•• NTNT--proBNP and ObesityproBNP and Obesity

•• Pediatric Applications of NTPediatric Applications of NT--
proBNPproBNP



Background studies

NTNT--proBNP in acute dyspneaproBNP in acute dyspnea……



•• Mean age 71 yearsMean age 71 years

•• Optimal Optimal ““rule inrule in””
cut point = 2875 cut point = 2875 
ng/Lng/L

Lainchbury, et al, J Am Lainchbury, et al, J Am CollColl CardiolCardiol, 2003;42:728, 2003;42:728



Lainchbury, et al, J Am Lainchbury, et al, J Am CollColl CardiolCardiol, 2003;42:728, 2003;42:728

NTNT--proBNP is proBNP is stronglystrongly
correlated to BNP in correlated to BNP in 
acute dyspneaacute dyspnea



Lainchbury, et al, J Am Lainchbury, et al, J Am CollColl CardiolCardiol, 2003;42:728, 2003;42:728



•• Mean age 71 yearsMean age 71 years

•• Optimal Optimal ““rule outrule out””
cut point=253 cut point=253 ng/Lng/L

•• Optimal Optimal ““rule inrule in”” cut cut 
point=973 point=973 ng/Lng/L



•• Mean age 72.5 yearsMean age 72.5 years

•• Optimal NTOptimal NT--proBNP cut proBNP cut 
point=825 point=825 ngng/L./L.

•• Equivalent diagnostic Equivalent diagnostic 
accuracy to optimal BNP cut accuracy to optimal BNP cut 
point.point.



The PRIDE Study

Januzzi, et al, Am J Januzzi, et al, Am J CardiolCardiol 2005;95:9482005;95:948

•• Prospective, blinded study of 599 patients Prospective, blinded study of 599 patients 
presenting to the ED at Massachusetts presenting to the ED at Massachusetts 
General Hospital with complaints of General Hospital with complaints of 
dyspnea.dyspnea.
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Results: Predictors of CHF

PredictorPredictor
Odds Odds 
RatioRatio 95% CI95% CI P valueP value

Elevated NTElevated NT--proBNPproBNP 44 21.0-91.0 <0.0001
Interstitial edema on chest X-ray 11 4.5-26.0 <0.0001
Orthopnea 9.6 4.0-23.0 <0.0001
Loop diuretic use at presentation 3.4 1.8-6.4 0.01
Rales on pulmonary examination 2.4 1.2-5.2 0.05
Age (per year) 1.03 1.01-1.05 0.01
Cough 0.43 0.23-0.83 0.05
Fever 0.17 0.05-0.50 0.03

Januzzi, et al, Am J Januzzi, et al, Am J CardiolCardiol 2005;95:9482005;95:948
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Projected Cost Savings: PRIDE

$3,779

$3,289

$2,900
$3,000
$3,100
$3,200
$3,300
$3,400
$3,500
$3,600
$3,700
$3,800
$3,900

Conventional NT-proBNP

Siebert, et al, Am J Siebert, et al, Am J CardiolCardiol, 2006;98:800., 2006;98:800.



The IMPROVE-CHF Study

Prospective, Randomized Support of Prospective, Randomized Support of 
NTNT--proBNP TestingproBNP Testing

Circulation, 2007Circulation, 2007



Randomized, Prospective Data Illustrating 
Cost-Effectiveness of NT-proBNP
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Moe et al, Circulation, 2007;115:3103Moe et al, Circulation, 2007;115:3103



Effect of Selective NT-proBNP Testing On 
Costs/Outcomes: 

Results of the Randomized IMPROVEResults of the Randomized IMPROVE--CHF TrialCHF Trial

Effect of Selective NTEffect of Selective NT--proBNP proBNP 
Testing on Utilization/CostsTesting on Utilization/Costs

Effect of Selective NTEffect of Selective NT--proBNP proBNP 
Testing on OutcomesTesting on Outcomes

Moe, et al, Circulation, 2007;115:3103Moe, et al, Circulation, 2007;115:3103



Which cutWhich cut--points should we points should we 
be using?be using?



ROC for NT-proBNP in PRIDE  



Looks an awful lot like BNP…
PRIDEPRIDE Breathing Not ProperlyBreathing Not Properly



What is the best singlesingle cut point? 



Is there anything to do to improve the 
comparatively poor PPV of NP’s?

PRIDEPRIDE Breathing Not ProperlyBreathing Not Properly



Causes of lower positive predictive 
value of natriuretic peptides



ICON Study Group:ICON Study Group:
Januzzi, Baggish (Boston)Januzzi, Baggish (Boston)

BayesBayes--GenisGenis, Ordonez, , Ordonez, SantaloSantalo (Barcelona)(Barcelona)
van Kimmenade, Pinto (Maastricht)van Kimmenade, Pinto (Maastricht)

Richards, Lainchbury (Christchurch)Richards, Lainchbury (Christchurch)



•• International NTInternational NT--proBNP Collaboration proBNP Collaboration 
data (acute setting):data (acute setting):

–– 300 pg/ml, age independent300 pg/ml, age independent

•• 99% sensitive99% sensitive
•• 60% specific60% specific
•• 98% NPV98% NPV

Age-independent “rule out” cut point

Januzzi, et al, Januzzi, et al, EurEur H Journal 2005H Journal 2005



•• International NTInternational NT--proBNP Collaboration proBNP Collaboration 
data (acute setting):data (acute setting):

Age-stratified “rule in” cut point

83%83%55%55%92%92%73%73%85%85%1800 pg/ml1800 pg/mlAll >75 years (n=519)All >75 years (n=519)

86%86%66%66%88%88%84%84%90%90%OverallOverall

85%85%88%88%82%82%82%82%90%90%900 pg/ml900 pg/mlAll 50All 50--75 years (n=554)75 years (n=554)
95%95%99%99%76%76%93%93%97%97%450 pg/ml450 pg/mlAll <50 years (n=183)All <50 years (n=183)

AccuracyAccuracyNPVNPVPPVPPVSpecificitySpecificitySensitivitySensitivity
OptimalOptimal
cutcut--pointpointAge strataAge strata

Superior to single cutSuperior to single cut--point strategy in multivariable bootstrapping modelspoint strategy in multivariable bootstrapping models

To diagnose acute HF: the To diagnose acute HF: the ““triple cut pointtriple cut point’’’’

Januzzi, et al, Januzzi, et al, EurEur H Jour 2006;27:330H Jour 2006;27:330





Optimal Application of Optimal Application of 
NTNT--proBNP testingproBNP testing

Troubleshooting:Troubleshooting:

Elevated NTElevated NT--proBNPproBNP
Prior heart failurePrior heart failure
Low NTLow NT--proBNPproBNP

Grey Zone NTGrey Zone NT--proBNPproBNP



Know the Differential Diagnosis of Know the Differential Diagnosis of 
an Elevated Natriuretic Peptidean Elevated Natriuretic Peptide

•• Unrecognized HFUnrecognized HF
•• Prior HFPrior HF
•• LVHLVH
•• Valvular heart diseaseValvular heart disease
•• Atrial fibrillationAtrial fibrillation
•• Advancing ageAdvancing age
•• MyocarditisMyocarditis
•• ACSACS
•• Pulmonary hypertensionPulmonary hypertension
•• Congenital heart diseaseCongenital heart disease

•• AnemiaAnemia
•• Pulmonary embolismPulmonary embolism
•• Cardiac surgeryCardiac surgery
•• Sleep apneaSleep apnea
•• Critical illnessCritical illness
•• SepsisSepsis
•• BurnsBurns
•• Renal failureRenal failure
•• ToxicToxic--metabolic insultsmetabolic insults



Interpreting NT-proBNP in those 
with Prior Heart Failure

• Those with prior heart failure who are not destabilized at 
the time of evaluation usually have considerably lower 
NT-proBNP values than those who are destabilized.

• It is useful to have a comparison to “dry” NT-proBNP 
values (i.e. a measurement taken in the office when the 
patient appears stable).

• A change >25% from the “dry” NT-proBNP generally 
suggests a significant clinical change.

• Irrespective of clinical stability, the “dry” NT-proBNP 
value is profoundly prognostic!



Know the Differential Diagnosis of an Know the Differential Diagnosis of an 
Unexpectedly Low Natriuretic PeptideUnexpectedly Low Natriuretic Peptide

•• ObesityObesity

•• NonNon--systolic heart failuresystolic heart failure

•• Mild acute heart failureMild acute heart failure

•• Isolated right heart failureIsolated right heart failure

•• Partially treated heart failurePartially treated heart failure



Managing Grey Zone Values
• Grey zone values are defined as those values 

between the ‘rule out’ (300 ng/L) and the age 
adjusted ‘rule in’ value for NT-proBNP.

• Although age stratification reduces grey zone 
results, they are still present in up to 20% of 
patients with acute dyspnea.

• Knowledge of the differential diagnosis for the 
causes of a grey zone NT-proBNP result is 
important.



Non-Heart Failure Associations 
with Grey Zone Values

Diagnosis Diagnosis Patients (n =99)Patients (n =99)
Chronic obstructive pulmonary disease/asthmaChronic obstructive pulmonary disease/asthma 12 (12%)12 (12%)

Pneumonia/bronchitisPneumonia/bronchitis 12 (12%)12 (12%)

Acute Acute corcoronary syndrome/chest painonary syndrome/chest pain 12 (12%)12 (12%)

Arrhythmia/bradycardiaArrhythmia/bradycardia 8 (8%)8 (8%)

Lung cancer (including metastases)Lung cancer (including metastases) 5 (5%)5 (5%)

Anxiety disorderAnxiety disorder 5 (5%)5 (5%)

Pulmonary emboliPulmonary emboli 3 (3%)3 (3%)

Pulmonary hypertensionPulmonary hypertension 1 (1%)1 (1%)

PericarditisPericarditis 1 (1%)1 (1%)

Other* Other* 21 (21%)21 (21%)

UnknownUnknown 19 (19%)19 (19%)

van Kimmenade, et al, Am J van Kimmenade, et al, Am J CardiolCardiol, 2006; 98:386, 2006; 98:386



Predictors of Acute Heart Failure in 
those with Grey Zone Values

CharacteristicCharacteristic Odds RatioOdds Ratio 95% CI95% CI PP valuevalue
CoughCough 0.180.18 0.060.06--0.520.52 .001.001

Use of loop diuretic on presentationUse of loop diuretic on presentation 3.993.99 1.581.58--10.110.1 .003.003

Paroxysmal nocturnal dyspneaParoxysmal nocturnal dyspnea 4.504.50 1.321.32--15.415.4 .02.02

JugularJugular veinvein distentiondistention 3.053.05 1.061.06--8.798.79 .04.04

Prior heart failurePrior heart failure 2.632.63 1.021.02--6.806.80 .05.05

Lower extremity edemaLower extremity edema 2.962.96 0.940.94--9.319.31 .06.06

S3 gallopS3 gallop 10.410.4 0.820.82--130.7130.7 .07.07

Clinical variables matter in patients with grey zone NTClinical variables matter in patients with grey zone NT--proBNP valuesproBNP values

van Kimmenade, et al, Am J van Kimmenade, et al, Am J CardiolCardiol, 2006; 98:386, 2006; 98:386



Outcomes in the ‘grey zone’

van Kimmenade, et al, AJC, 2006van Kimmenade, et al, AJC, 2006



Logical use of natriuretic peptide Logical use of natriuretic peptide 
values: it isnvalues: it isn’’t black and white!t black and white!



Conclusions

•• NTNT--proBNP testing is a useful adjunct to proBNP testing is a useful adjunct to 
history and physical examination for the history and physical examination for the 
evaluation of the dyspneic patient in the ED.evaluation of the dyspneic patient in the ED.

•• When evaluating a dyspneic patient, results When evaluating a dyspneic patient, results 
of NTof NT--proBNP testing should be used in proBNP testing should be used in 
context with history and physical context with history and physical 
examination.examination.

•• Logical use of NTLogical use of NT--proBNP testing is costproBNP testing is cost--
effective for the evaluation and triage of the effective for the evaluation and triage of the 
patient with suspected acute HF.patient with suspected acute HF.



Conclusions

•• To To excludeexclude acute destabilized heart failure an NTacute destabilized heart failure an NT--
proBNP <300 proBNP <300 ng/Lng/L is recommended.is recommended.

•• To To identifyidentify acute destabilized heart failure, an ageacute destabilized heart failure, an age--
independent NTindependent NT--proBNP cutproBNP cut--point of 900 point of 900 ng/Lng/L has has 
similar sensitivity/specificity/PPV as BNP = 100 similar sensitivity/specificity/PPV as BNP = 100 ng/Lng/L..

•• Age stratification of NTAge stratification of NT--proBNP reduces false proBNP reduces false 
negatives negatives andand false positives, and improves PPV false positives, and improves PPV 
without a change in overall sensitivity or specificity.without a change in overall sensitivity or specificity.

•• The ICON The ICON ‘‘tripletriple--cut pointcut point’’ of 450/900/1800 of 450/900/1800 ng/Lng/L is is 
recommended for its superior performance.recommended for its superior performance.



Conclusions

•• Optimal application of an elevated NTOptimal application of an elevated NT--proBNP is in proBNP is in 
the context of knowledge of the correct differential the context of knowledge of the correct differential 
diagnosis.diagnosis.

•• In a patient with prior HF a change of 25% or more In a patient with prior HF a change of 25% or more 
from the from the ““drydry”” NTNT--proBNP is a significant rise.proBNP is a significant rise.

•• Grey zone values should not be ignored.Grey zone values should not be ignored.
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