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Use of Natriuretic Peptide Measurement in the
Management of Heart Failure

Structured Abstract

Objectives.

e To assess the diagnostic accuracy of B-type natriuretic peptide (BNP) and N-terminal
proBNP (NT-proBNP) for detecting heart failure (HF)

e To determine whether BNP and NT-proBNP are independent predictors of mortality and
morbidity in HF and whether they add to the predictive value of other markers

e To ascertain whether treatment guided by BNP or NT-proBNP improves outcomes in HF
compared with usual care

e To assess the biological variation of BNP and NT-proBNP in HF and non-HF
populations

Data sources. Medline®, Embase™, AMED, Cochrane Central Register of Controlled Trials,
Cochrane Database of Systematic Reviews, and CINAHL from 1989 to June 2012. Reference
lists of included articles, systematic reviews, and gray literature were also searched.

Review methods. Studies were evaluated for eligibility and quality, and data were extracted on
study design, demographics, diagnostic test characteristics, predictor factors, interventions,
outcomes, and test-performance results.

Results. In emergency settings, BNP (51 studies) and NT-proBNP (39 studies) had high
sensitivity and low specificity, and were useful for ruling out but less useful for ruling in HF.
Similar results were shown in primary care settings for BNP (12 studies) and NT-proBNP (20
studies). The majority of studies assessing prognosis (183 studies) showed associations between
BNP and NT-proBNP and all-cause and cardiovascular mortality, morbidity, and composite
outcomes across different time intervals in patients with decompensated and chronic stable HF.
Most of these were early-phase predictor-finding studies rather than model-validation or impact
studies. Incremental predictive value was assessed in decompensated acute HF (7 studies) and
chronic HF (15 studies). Almost all studies showed that calibration and discrimination statistics
confirmed the added incremental value of BNP and NT-proBNP. Fewer studies used
reclassification and model validation computations to establish incremental value. In the general
population (seven studies), an association exists between NT-proBNP and mortality (all-cause,
cardiovascular, and sudden cardiac) and morbidity (HF and atrial fibrillation). Overall, therapy
guided by BNP/NT-proBNP was shown to reduce all-cause mortality but was graded as low
strength of evidence. Seven studies assessed biological variation. The difference in serial results
was higher for BNP than NT-proBNP, and the index of individuality for BNP and NT-proBNP
was very low.

Conclusions. BNP and NT-proBNP had good diagnostic performance for ruling out HF but were
less accurate for ruling in HF. BNP and NT-proBNP had prognostic value in HF and the general
population. Therapeutic value was inconclusive. Data on biological variation expressed the
differences in results and individuality expected in patients, suggesting that serial measurements
need to be interpreted carefully.
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Executive Summary

Background

Heart failure (HF) is a major concern for health care systems because of its chronic nature
and resource implications. HF affects approximately 5.7 million Americans, and 670,000 new
cases are diagnosed annually.! Based on current population estimates,? HF is present in 1.8
percent of Americans. The estimated total cost for HF in 2010 was $39.2 billion, or 1 to 2
percent of all health care expenditures.’ Health care professionals, who face an aging population
coupled with the need to be efficient with health care dollars, require sound evidence regarding
the diagnosis and management of this disease.

The diagnosis of HF remains a difficult clinical challenge. The diagnosis is based on a
constellation of symptoms and signs, supported by objective evidence of impairment of heart
function.

B-type natriuretic peptide (BNP) and N-terminal proBNP (NT-proBNP) have emerged as
promising markers for HF diagnosis, prognosis, and treatment. These peptides are secreted into
the bloodstream by cardiac myocytes in response to increased ventricular wall stress,
hypertrophy, and volume overload. Elevated levels of these peptides are evident in persons with
HF, and it is well established that a low result can exclude HF.?

Reviews of the prognostic use of BNP and NT-proBNP have shown that these peptides are
independent predictors of mortality and other cardiac outcomes in patients with HF.>" In
addition, the reviews suggest that discharge or post-treatment BNP and NT-proBNP are the
optimal predictors of prognosis compared with BNP or NT-proBNP measured at other points in
time. The reviews also found that BNP and NT-proBNP could add useful information to the
standard cardiovascular disease (CVD) risk assessment in certain populations.

Optimization of therapy for patients with HF remains challenging due to the difficulty of
diagnosing the condition in the absence of clinically evident signs and symptoms. Measurement
of BNP or NT-proBNP has been advocated to guide treatment. This approach is taken because
the peptides are independently associated with prognosis® and their concentrations decrease with
effective therapy.? It is unclear whether biomarker-assisted therapy (to achieve a concentration
below a target value) or intensified therapy (adjustment of therapy based on a change in
biomarker concentration) reduces mortality, rehospitalization, or quality of life (QOL) compared
with usual care.

Furthermore, knowledge of the variation of a test measure is important when treatment is
based on a difference between serial measurements. We do not currently know how much of a
difference in BNP or NT-proBNP concentrations is clinically important. Variation in a test
measure is a function of the analytical variation of the assay method (bias and precision) and the
inherent biological variation of the molecule tested. The biological variation may also be a
function of disease severity, sex, medications, and comorbidity.

A comprehensive systematic review of BNP and NT-proBNP was completed in 2006 by the
McMaster University Evidence-based Practice Center (EPC) for the Agency for Healthcare
Research and Quality (AHRQ).? Due to the vast amount of literature published since the last
review, the obsolescence of certain assay types used in earlier studies of BNP and NT-proBNP,
and new Key Questions (KQs) that account for the evolution of (and continuing uncertainty
within) the field, an entirely new systematic review was required to provide an assessment of the
“state of the science” in this field. To summarize the current body of scientific knowledge, this
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review examined the diagnostic, prognostic, and therapeutic use of BNP and NT-proBNP and
whether the biological variation of BNP and NT-proBNP differs in HF and non-HF populations.

Key Questions
The Key Questions for our review are as follows:

Key Question 1: In patients presenting to the emergency department or
urgent care facilities with signs or symptoms suggestive of heart failure:

a. What is the test performance of BNP and NT-proBNP for HF?

b. What are the optimal decision cutpoints for BNP and NT-proBNP to
diagnose and exclude HF?

c. What determinants affect the test performance of BNP and NT-
proBNP (e.g., age, gender, comorbidity)?

Key Question 2: In patients presenting to a primary care physician with risk
factors, signs, or symptoms suggestive of HF:

a. What is the test performance of BNP and NT-proBNP for HF?

b. What are the optimal decision cutpoints for BNP and NT-proBNP to
diagnose and exclude HF?

c. What determinants affect the test performance of BNP and NT-
proBNP (e.g., age, gender, comorbidity)?

Key Question 3: In HF populations, is BNP or NT-proBNP measured at
admission, discharge, or change between admission and discharge an
independent predictor of morbidity and mortality outcomes?

Key Question 4: In HF populations, does BNP measured at admission,
discharge, or change between admission and discharge add incremental
predictive information to established risk factors for morbidity and mortality
outcomes?

Key Question 5: Is BNP or NT-proBNP measured in the community setting
an independent predictor of morbidity and mortality outcomes in general
populations?

Key Question 6: In patients with HF, does BNP-assisted therapy or
intensified therapy improve outcomes compared with usual care?

Key Question 7: What is the biological variation of BNP and NT-proBNP in
patients with HF and without HF?
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Analytic Framework

To guide this systematic review and facilitate the interpretation of the KQs, we developed an
analytic framework (Figure A) that depicts the logical progression and interconnection of all
seven KQs.

The analytic framework describes the interconnection among the study questions examining
diagnosis, prognosis, therapy, and screening. For diagnosis of patients with signs and symptoms
compatible with HF, the two settings are acute care (KQ1) and primary care (KQ2). A third
setting is the general, undifferentiated population without overt signs or symptoms of HF (KQ5).
KQ5 examines the ability of BNP/NT-proBNP to predict mortality and morbidity outcomes in
this population. Prognosis of patients with established HF is addressed in KQ3 and KQA4.
Prognosis in which the outcome is associated with the concentration of BNP/NT-proBNP is
addressed in KQ3, whereas other prognostic measures are dealt with in KQ4. Once a diagnosis
of HF has been made, patients are treated. KQ6 examines randomized controlled trials (RCTSs)
comparing usual care with therapy guided by BNP/NT-proBNP to assess outcome measures. The
outcomes to be examined, if reported, include mortality, hospitalization, change in New York
Heart Association (NYHA) class, and quality of life. In addition, information on the biological
variation of BNP and NT-proBNP was gathered (KQ7).

Figure A. Analytic framework

Ka7
| »| Biological variation
BNP and NT-proBNP
Therapy guided or
assisted by BNP and

Acute care (ED): (KQ 1) N1-praBFterany | Mortality
Signs or symptoms > " | e All-cause
of heart failure l Heart failure || (KQ 6) ¢ Heart failure

. _ (KQ2) » | Hospitalization
E%T?Qétﬁ:j signs > Wsual car * Heart failure
or symptoms of s All-cause
heart failure ¢ Planned

(KQ 3) ¢ Unplanned

BNP or NT-proBNP value

A\ 4

Change in NYHA class

(KQ 4)

Quality of life

v

Incremental value relative
to other prognostic factors

General Population v
(KQ 5)

Note: BNP = B-type natriuretic peptide; ED = emergency department; KQ = Key Question; NT-proBNP = N-terminal proBNP;
NYHA = New York Heart Association.
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Methods

Input From Stakeholders

The EPC convened a group of experts in the fields of BNP, NT-proBNP, HF, and systematic
review methods to form the Technical Expert Panel (TEP). Members of the TEP provided
clinical and methodological expertise and input to help interpret the KQs guiding this review,
identify important issues, and define parameters for the review of evidence. Discussions among
the EPC, the AHRQ Task Order Officer, and the TEP occurred during a series of teleconferences
and via email.

The KQs were nominated by a professional society. The KQs were revised for scope and
clarity in conjunction with the TEP and the Task Order Officer.

Search Strategy

Six databases (Medline®, Embase™, AMED, Cochrane Central Register of Controlled Trials,
Cochrane Database of Systematic Reviews, and CINAHL) were searched and results captured
for the period from January 1989 to June 2012. Search strategies were adjusted to conform to the
parameters of each database. We also reviewed the reference lists of eligible studies during full-
text screening and cross-checked all potentially relevant citations with our citation database.
Hand-searching was not done. Gray literature searches included the U.S. Food and Drug
Administration (FDA), Health Canada, and European Medicines Agency Web sites; clinical trial
registers (clinicaltrials.gov, clinicaltrialsregister.eu, metaRegister of Current Controlled Trials,
Clinical Trial Registries, Clinical Study Results, and World Health Organization Clinical Trials);
and Conference Papers Index and Scopus (for the previous 2 years only). We limited conference
searches to the American Heart Association and the American College of Cardiology
conferences.

Study Selection

For KQs 1, 2, and 7, the only excluded study design was the case report. For KQs 3 to 5,
cross-sectional and case-control studies were excluded. For KQ6, only RCTs were included. In
addition, we excluded letters, editorials, commentaries, and conference proceedings. Systematic
reviews and meta-analyses were excluded, although their reference lists were examined for
potentially relevant citations. Table A shows study selection criteria.

Data Extraction

Trained data extractors compiled relevant information from individual studies using
standardized forms and a reference guide. During the course of writing the report, investigators
reviewed the extracted information for accuracy and made corrections as necessary.
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Table A. Participant selection criteria

Category Criteria

Populations KQs 1-2: Adults presenting to emergency department or urgent care (KQ1) or primary care settings
(KQ2) with signs or symptoms consistent with HF.

KQs 3—4: Adults with all types of HF.

KQ5: Adults in community settings with no disease specified for the study.

KQ6: Adults being treated for chronic HF.

KQ7: Adults with and without HF.

Interventions KQs 1-2: FDA-approved assay for BNP or NT-proBNP at admission or discharge or change in

and BNP/NT-proBNP between admission and discharge using any cutpoint.
Prognostic KQs 3—4: BNP or NT-proBNP measured at admission or discharge or change between admission
Factors and discharge; analysis done by appropriate statistical metrics.

KQ5: BNP or NT-proBNP assay using any cutpoint.
KQ6: Medical therapy based on BNP or NT-proBNP concentration.
KQ7: Multiple measurements of BNP or NT-proBNP per subject.

Comparators KQs 1-2: Any method of diagnosing HF that does not use BNP or NT-proBNP.

KQs 3—-4: NYHA class of HF, ejection fraction, degree of hyponatremia, decreasing peak exercise
oxygen uptake, decreasing hematocrit, widened QRS interval on 12-lead ECG, chronic
hypotension, resting tachycardia, renal insufficiency, intolerance to conventional therapy, and
refractory volume overload, or risk prediction scores.

KQ5: Any predictive scoring system.

KQ6: Medical therapy based on usual care for HF patients.

KQ7: No comparators.

Outcomes KQs 1-2: Test performance characteristics (i.e., sensitivity, specificity, positive and negative LR,
DOR, and area under ROC curve).

KQs 3-6: Mortality, including all cause and HF; morbidity, including hospitalization (HF, all cause,
planned, and unplanned); change in NYHA class; and quality of life. Composite outcomes of
mortality or morbidity that were not cardiac or HF specific were excluded.

KQ7: Calculation of hiological variation.

Timing or Any length of followup.
Followup
Setting KQ1: Emergency or urgent care departments only.

KQ2: Primary care settings only.

KQs 3—4: Limited to patients admitted to acute care hospitals or recruited from outpatient
clinics/ambulatory care settings, hospital settings, or family practice settings.

KQ5: Primary care (i.e., community or family practice or equivalent).

KQs 6—7: No restriction on inclusion of articles based on setting.

Note: BNP = B-type natriuretic peptide; DOR = diagnostic odds ratio; ECG = electrocardiogram; FDA = U.S. Food and Drug
Administration; HF = heart failure; KQ = Key Question; LR = likelihood ratio; NT-proBNP = N-terminal proBNP; NYHA =
New York Heart Association; ROC=receiver operating characteristic.

Assessment of Risk of Bias

To assess the risk of bias for individual studies, we followed the methods recommended by
AHRQ’s “Methods Guide for Effectiveness and Comparative Effectiveness Reviews” (Methods
Guide)® and “Methods Guide for Medical Test Reviews.”*? A single rater assessed each study
using prescribed tools, clear decision rules, and standardized forms. Piloting of the standardized
guide, followed by discussion among the raters, ensured clarity and consistency across raters.

A number of published systems were adapted for use, depending on the study design and the
type of analysis. For observational studies, the Newcastle-Ottawa Scale was used;™* for RCTSs,
the Jadad scale;*? for prognosis studies, a modified version of the guidelines proposed by Hayden
et al.;** and for diagnosis, the QUADAS-2 (Quality Assessment of Diagnostic Accuracy Studies-
2).1* All modifications and instruments used can be found in the full report.
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Data Synthesis

We present study results in four key sections based on diagnosis (KQs 1 and 2), prognosis
(KQs 3 to 5), treatment (KQ6), and biological variation (KQ7). All included studies are
summarized in narrative form and in summary tables in the full report.

Meta-analysis was carried out only for KQs 1 and 2. Two-by-two contingency tables were
created for each study where true positive, false positive, false negative, and true negative could
be estimated. Sensitivity and specificity, diagnostic odds ratio, and likelihood ratios with 95%
confidence intervals were recalculated for each primary study from the contingency tables.
Extracted data were pooled using exact binomial rendition®® of the bivariate mixed-effects
regression model developed by van Houwelingen®®*’ and modified for synthesis of diagnostic
test data.'® The bivariate regression model fits a two-level model, with independent binomial
distributions in each study and a bivariate normal model for the logit transforms between studies.
Summary sensitivity, specificity, and the corresponding positive likelihood, negative likelihood,
and diagnostic odds ratios are derived as functions of the estimated model parameters. This
approach corresponds to the empirical Bayesian approach to fitting the hierarchical summary
receiver operating characteristic (HSROC) model.*” Initial analyses considered the level of
statistical heterogeneity across the individual studies that were included in the meta-analysis. The
Cochran’s Q test was used as a measure of statistical heterogeneity in all the meta-analyses and
the 12 as a measure of inconsistency.”

Evaluating the Strength of the Evidence

Evaluating the strength of the body of evidence was conducted according to the Methods
Guide® and “Methods Guide for Medical Test Reviews.”*° We graded the strength of evidence
(SOE) for KQs1 and 2 (outcomes of sensitivity and specificity) and KQG6 (death, all cause). We
omitted KQs 3 to 5 because criteria to evaluate and score prognostic studies have not been fully
developed.’® We also omitted KQ7 because it asks about biological variation rather than a
clinical or diagnostic outcome.

The following strength ratings were used:

e High: High confidence that the evidence reflects the true effect. Further research is very

unlikely to change our confidence in the estimate of effect.

e Moderate: Moderate confidence that the evidence reflects the true effect. Further research

may change our confidence in the estimate of effect and may change the estimate.

e Low: Low confidence that the evidence reflects the true effect. Further research is likely

to change the confidence in the estimate effect and is likely to change the estimate.

e Insufficient: Evidence either is unavailable or does not permit a conclusion.

Results

Results of Literature Search

Results of the review are organized by KQ. The full report includes evidence and summary
tables showing findings from individual studies for each KQ.

The search yielded 25,864 records identified from six bibliographic databases. An additional
35 records were identified from three gray literature sources: regulatory agency Web sites,
clinical trial databases, and conference sources. After duplicates were removed, a total of 16,893
records were screened at the title-and-abstract level; a total of 3,616 citations moved on to be
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screened at full text. Following the application of full-text screening criteria, 310 papers were
eligible for all research questions in this review.

A total of 104 papers were allocated for diagnostic accuracy. From these, 76 articles were
evaluated for KQ1 and 28 for KQ2. For KQ3, KQ4, and KQ5, 190 unique articles were eligible
to address the research questions related to prognosis; of these, 183 were eligible for KQ3, 22 for
KQ4, and 7 for KQ5. A total of nine articles were evaluated for treatment guided by BNP or NT-
proBNP for KQG6. Seven articles for KQ7 focused on biological variation.

Key Question 1: In patients presenting to the emergency department or
urgent care facilities with signs or symptoms suggestive of heart failure:

a. What is the test performance of BNP and NT-proBNP for HF?

b. What are the optimal decision cutpoints for BNP and NT-proBNP to
diagnose and exclude HF?

c. What determinants affect the test performance of BNP and NT-
proBNP (e.g., age, gender, comorbidity)?

BNP

Fifty-one publications met the criteria for KQ1 and examined cutpoints for BNP.*"* Two of
these papers were RCTs,>*® 9 were cohort studies,**°0/616364666769.71 ang the remaining 40 were
cross-sectional studies.

Test Performance and Optimal Decision Cutpoints

Papers reporting information on the lowest cutpoint presented by the authors returned a
pooled estimate for sensitivity of 95 percent (95% confidence interval [CI], 93 to 97%) and a
pooled estimate for specificity of 67 percent (95% CI, 58 to 75%). Twenty-one papers reported
on the manufacturers’ suggested cutpoint of 100 pg/mL, resulting in a pooled estimate for

sensitivity of 95 percent (95% Cl, 93 to 96%) and for specificity of 66 percent (95% CI, 56 to
74%).23,25,29,31—33,35,36,38,39,44,45,47,50—54,59,65,70

Twenty-eight papers®32>27-29,31-33,35.36,39,41.44-54.56. 58,6567 oy amined an optimal cutpoint, which

was defined using various definitions, such as the cutpoint that would maximize accuracy. The
pooled estimate for sensitivity was 91 percent (95% ClI, 88 to 94%) and for specificity was 80
percent (95% CI, 74 to 85%). Using the optimal cutpoint resulted in a higher overall estimate of
the positive likelihood ratio (LR+) of 4.61 (95% ClI, 3.49 to 6.09) compared with either the
lowest cutpoint (2.85; 95% CI, 2.23 to 3.65) or the manufacturers’ suggested cutpoint (2.76; 95%
Cl, 2.12 to 3.59). The negative likelihood ratio (LR-) was not statistically significantly different
(p >0.05).

Choosing the lowest cutpoint, the manufacturers’ suggested cutpoint, or the optimal cutpoint
had little effect on the diagnostic performance of the test. The test displayed high sensitivity and
a high LR-, but low specificity and low LR+.

Determinants Affecting Test Performance

Age: Eight articles??233>394048:3986 £4,nd increasing age to be associated with increased BNP
concentrations, but the effect on the diagnostic performance of the test was not clear in the
papers.
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Sex: Maisel et al.? reported that the difference in BNP concentrations between men and women

was not significant. Conversely, Knudsen et al.> noted differences in sensitivity and specificity
between males and females using 100 pg/mL as the decision point (males: sensitivity 94.3%,
specificity 54.9%; females: sensitivity 90.0%, specificity 55.2%).

Ethnicity: Maisel et al.?? reported that the prevalence of HF in their study population was
significantly greater among whites than among African Americans. Similarly, the mean
concentration of BNP was significantly greater in the white population with HF than in the
African American population with HF (200 vs. 117 pg/mL; p <0.001).

Obesity: Three papers*-**®® showed that increasing body mass index (BMI) was inversely
associated with BNP concentrations. This finding was consistent whether BMI and BNP were
examined in the whole population®*®° or the population was examined in two groups, namely
those with or without HF.*
Renal function: Four*>*®*%7 articles examined estimated glomerular filtration rate (éGFR), and
one®® examined serum creatinine concentration. The BNP concentration was inversely related to
renal function. As eGFR decreased or creatinine concentration increased, the BNP concentration
increased.

Diabetes: One study® reported a nonsignificant difference in areas under the curve (AUCs)
calculated for patients with or without diabetes. AUC was 0.878 (95% CI, 0.837 to 0.913) for
patients with diabetes and 0.888 (95% ClI, 0.860 to 0.912) for patients without diabetes.

NT-proBNP

Thirty-nine articles met the criteria for KQ1 and examined NT-proBNp. 2384245
48,51,55,61,63,64,66,67,69,72-95 Eleven papers were prospectlve COhOI’t StudieS’61,63,64,66,67,69,85,86,90,94,95 one
was a case-control study,®* and the study design could not be determined in two papers.®*% The
remaining papers (n = 25) used a cross-sectional design.

Test Performance and Optimal Cutpoints

The 39 papers evaluating NT-proBNP in the emergency department used several cutpoints,
ranging from 100% to 6,550*% pg/mL or ng/L. Reported sensitivities ranged from 53 percent®’ to
100 percent®®*"*1® (mean = 85.1%; median = 88%); specificities from 5 percent*’ to 100
percent*® (mean = 70.9%; median = 73.2%); LR+ from 1.05*" to 115.03;* and LR- from 0.02%%*
to 0.35.°® AUCs ranged from 0.6°* to 0.99"° (mean = 0.88; median = 0.89).

Determinants Affecting Test Performance

Age: The effect of age-optimized cutpoints was unclear. Some articles suggested improved test
performance with age-optimized cutpoints and others did not.

Race and sex: Krauser et al.” reported that the area under the receiver operating characteristic
(ROC) curve was not different for men versus women or for African Americans versus others.
There was no difference in the median NT-proBNP concentration between men and women or
between African Americans and others.
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Obesity: A single paper’® concluded that BMI-adjusted cutpoints performed well over a wide
variety of BMIs. Despite lower sensitivity at the high range of BMI, the predictive values were
unchanged.

Renal function: Two papers*®°
proBNP concentration.

reported an inverse association between renal function and NT-

Key Question 2: In patients presenting to a primary care physician with risk
factors, signs, or symptoms suggestive of HF:

a. What is the test performance of BNP and NT-proBNP for HF?

b. What are the optimal decision cutpoints for BNP and NT-proBNP to
diagnose and exclude HF?

c. What determinants affect the test performance of BNP and NT-
proBNP (e.g., age, gender, comorbidity)?

BNP
Twelve articles met the criteria for this KQ.%%” One study used a prospective cohort
design,'® and the remaining studies (n = 11) used a cross-sectional design.

Test Performance and Optimal Decision Cutpoints

Three cutpoints were selected: lowest presented, manufacturers’ suggested, and the optimal
cutpoint as chosen by the authors. The pooled sensitivity using the optimal cutpoint was 82
percent (95% ClI, 69 to 90%), and the pooled specificity was 64 percent (95% ClI, 45 to 79%).
Summary LR+ and LR- were 2.27 (95% CI, 1.43 to 3.62) and 0.28 (95% CI, 0.16 to 0.49),
respectively.

Pooling using the lowest cutpoint produced slightly higher sensitivity and correspondingly
lower specificity: 89 percent (95% ClI, 77 to 95%) and 54 percent (95% CI, 41 to 66%),
respectively. The LR+ and LR- gave similar results: 1.94 (95% ClI, 1.47 to 2.57) and 0.20 (95%
Cl, 0.09 to 0.44), respectively.

The pooled sensitivity of 76 percent (95% ClI, 59 to 87%) based on the manufacturers’
cutpoint of 100 pg/mL was lower than that for the optimal cutpoint. Corresponding specificity
was increased to 71 percent (95% ClI, 52 to 85%), compared with 64 percent for the optimal
cutpoint. The LR+ and LR- gave results similar to those for the optimal cutpoint: 2.63 (95% ClI,
1.59 to 4.36) and 0.34 (95% CI, 0.20 to 0.57), respectively.

Determinants Affecting Test Performance

Age: A single study examined the effect of age on BNP.*™* A higher cutpoint was required in
older patients (>65 years) than in younger patients (<65 years) to detect left ventricular ejection
fraction (LVEF) <45 (250 vs. 82 pg/mL) and advanced diastolic dysfunction (DD) (236 vs. 70
pg/mL).

Sex: Test performance did not show statistically significant sex differences in a study by Fuat et
al.%” in which the AUC was 0.79 for men and 0.80 for women. In a study by Park et al.,"* for
patients with LVEF <45, the AUC was 0.89 for men and 0.93 for women; for patients with
advanced DD, the AUC was 0.89 for men and 0.91 for women.

ES-9



BMI: An inverse correlation of BNP with BMI was shown in one study: AUCs for diagnosis of
decompensated HF were 0.78 (95% CI, 0.71 to 0.84) for normal-weight patients; 0.72 (95% ClI,
0.66 to 0.79) for overweight patients; and 0.62 (95% Cl, 0.54 to 0.70) for obese patients.'? For
detecting LVEF <45 in another study,'®* the AUC was 0.93 in patients >25 kg/m? (cutpoint, 151
pg/mL; sensitivity, 85%; specificity, 85%) and 0.90 in patients <25 kg/m? (cutpoint, 154 pg/mL;
sensitivity and specificity, 81%). For detecting advanced DD, the AUC was 0.84 in patients >25
kg/m? (cutpoint, 82 pg/mL; sensitivity and specificity, 80%) and 0.92 in patients <25 kg/m?
(cutpoint, 140 pg/mL; sensitivity and specificity, 83%).

Renal function: One study assessed the effect of renal function on test performance.'®* Patients
were grouped by clearance rates (=60 mL/min and <60 mL/min). For detecting LVEF <45, AUC
estimates were 0.92 (cutpoint, 89 pg/mL; sensitivity and specificity, 82%) for clearance rates >60
mL/min and 0.87 (cutpoint, 264 pg/mL; sensitivity and specificity, 78%) for clearance rates <60
mL/min. For detecting advanced DD, AUC estimates were 0.89 (cutpoint, 70 pg/mL; sensitivity,
83%; specificity, 82%) for clearance rates >60 mL/min and 0.88 (cutpoint, 247 pg/mL;
sensitivity and specificity, 78%) for clearance rates <60 mL/min.

NT-proBNP

Twenty articles met the criteria for KQ2 examining NT-proBNP in primary care
settings.”"¥9:101102106.108-122 1y studies used a prospective cohort design.*****® Study design
could not be determined in one of the articles.*** The remaining studies (n = 17) used a cross-
sectional design. The 19 studies evaluating NT-proBNP in primary care settings used several
cutpoints ranging from 25 to 6,180"** pg/mL or ng/L (mean = 635; median = 379).

Test Performance and Optimal Decision Cutpoints

Three cutpoints were selected: lowest presented, the optimal cutpoint as chosen by the
authors, and the manufacturers’ recommended cutpoint of 125 pg/mL for patients <75 years of
age and 450 pg/mL for patients >75 years of age. When the optimal cutpoint chosen by the
authors was used, the pooled sensitivity was 0.88 (95% CI, 0.81 to 0.93), and seven of the
studies”” ML 5ra4yced sensitivities greater than 0.90.

Choosing the lowest cutpoint selected by the authors produced increased pooled sensitivity
when compared with the optimal cutpoint, with no decrease in pooled specificity. All but three
studies' M8 produced sensitivities greater than 0.90.

It was determined that at least four studies were needed in each group to present summary
estimates; however, only two studies satisfied our criteria for NT-proBNP according to
manufacturers’ cutpoint, and thus they were not presented.

Determinants Affecting Test Performance

Age: Two studies investigated the influence of age on the diagnostic ability of NT-proBN
As was seen in the studies of BNP, the optimal cutpoint was higher in older patients. For
detecting LVEF <45 in one study,'® AUCs were 0.88 in patients >65 years (cutpoint 1,446
pa/mL; sensitivity 82%; specificity 81%) and 0.91 in patients <65 years (cutpoint, 379 pg/mL;
sensitivity and specificity, 84%). One study'®* determined optimal cutpoints of 1,446 pg/mL for
those >65 years and 379 pg/mL for those <65. A second study™? determined cutpoints of 652
pg/mL for those >75 years and 357 pg/mL for those <75 years.

101,112
P.
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Sex: Five studies investigated the relationship between sex and NT-proBNP’s ability to diagnose
HF 271011093117 ysing optimal AUC analysis, a range of different cutpoints can be established
for men and women. Typically the optimized cutpoint for men was lower than that for women.

BMI: Two studies examined the relationship between NT-proBNP and BMI.1°*'%? One study
showed an inverse correlation of NT-proBNP with BMI.**

Renal function: One study™ examined the effect of renal function on the ability of NT-proBNP
to identify patients with LVEF <45 and advanced DD. The optimized cutpoints were higher with
lower creatinine clearance.

Strength of Evidence for BNP and NT-proBNP for All Cutpoints in
KQ1 and KQ?2

Risk of Bias

Using the QUADAS-2 tool, we rated the risk of bias for both sensitivity and specificity. In
the four domains (patient selection, index test, reference standard, and flow and timing), the risk
of bias was rated as low.

Directness

KQ1 and KQ2 pertain to diagnostic accuracy and assessment of sensitivity and specificity.
These concepts are well understood by clinicians and can be applied in a clinical setting, so we
rate this domain as direct.

Precision
For both BNP and NT-proBNP, the Cls around the summary estimates for sensitivity and
specificity are not precise. We rate this domain as imprecise.

Consistency

In terms of BNP sensitivity, the directions of the estimates are consistent, and with the
exception of a single study,'® are very similar. In terms of NT-proBNP sensitivity, the directions
of the estimates are consistent and the Cls are small. Therefore, we rate this domain as consistent
for both BNP and NT-proBNP. Ho