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� Context.—The N-terminal prohormone of the brain
natriuretic peptide (NT-proBNP) is a major diagnostic
biomarker for heart failure.

Objective.—To compare the analytical and clinical
performance of 3 NT-proBNP immunoassays: the Atellica
IM NT-proBNP assay (Siemens Healthcare Diagnostics),
the Alere NT-proBNP assay (Abbott Laboratories), and the
Elecsys proBNP II assay (Roche Diagnostics).

Design.—For the Atellica IM NT-proBNP assay, analyt-
ical performance, including precision, linearity, and
carryover, was fully evaluated. Method comparisons
among the 3 assays were performed using the Passing-
Bablok regression and the j agreement test. To evaluate
the clinical performance of the assays, 160 patient samples
were used from patients with (n¼ 81) or without (n¼ 79)
heart failure.

Results.—The analytical performance of the Atellica IM

NT-proBNP assay was acceptable according to the
manufacturer’s claims. The Atellica IM NT-proBNP assay
showed a positive bias compared with the Elecsys proBNP
II assay. The Cohen j values among the 3 assays were
satisfactory (.0.80) and comparable. There were no
significant differences in areas under the curve. However,
for the diagnosis of heart failure, the Elecsys proBNP II
showed a higher specificity and positive likelihood ratio
than the other assays.

Conclusions.—All 3 NT-proBNP assays showed accept-
able concordance, and their clinical performance was
comparable. However, the Elecsys proBNP II might be a
more discriminating NT-proBNP assay to diagnose heart
failure.

(Arch Pathol Lab Med. 2023;147:949–956; doi: 10.5858/
arpa.2021-0587-OA)

Heart failure (HF) remains a major cause of morbidity
and mortality despite improvements in treatment.1–7

The term HF refers to a clinical syndrome caused by
structural or functional abnormalities. HF results in impair-
ment of left ventricular filling and reduced cardiac output.
However, symptoms of HF, such as dyspnea and fatigue, are
nonspecific. Thus, it is often difficult to distinguish HF from
other diseases. It is confirmed only by the patient’s history

and physical examination.3,8 As initial screening tests, serum
or plasma natriuretic peptide levels, chest radiography, and
electrocardiography (ECG) are recommended for patients
with suspected HF. When an abnormality is suspected,
echocardiography is recommended.1

Brain natriuretic peptide (BNP) and the N-terminal
prohormone of BNP (NT-proBNP) are widely used bio-
markers for HF diagnosis.1,3,9,10 Their secretion is stimulated
by myocardial wall stress. These specific peptides have been
proven to be elevated in HF compared with other natriuretic
peptides.10 In the European Society of Cardiology and
American College of Cardiology Foundation/American
Heart Association/Heart Failure Society of America guide-
line, BNP and NT-proBNP are considered to be first-line
biomarkers for patients with suspected HF.2,3

ProBNP is the 108-amino-acid prohormone, which is
cleaved into a biologically active 32-amino-acid hormone,
BNP, and a biologically inactive 76-amino-acid N-terminal
fragment, NT-proBNP.9–12 BNP is cleared by binding to a
specific natriuretic peptide receptor and proteolyzed by
neutral endopeptidase. NT-proBNP is cleared mainly by
renal excretion.13 For these reasons, the half-life of NT-
proBNP (approximately 22 minutes) is shorter than that of
BNP (approximately 90–120 minutes).9,11,14 Previous studies
have reported that commercially available BNP and NT-
proBNP assays are concordant and showed acceptable and
comparable performance for diagnosing HF.14–16 In some
studies, NT-proBNP is reported to have more diagnostic
benefits than BNP as it has an enhanced sensitivity.11,17

Currently, there are several NT-proBNP assays available
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from numerous manufacturers. However, they can be
different because of the variations in monoclonal antibodies
used.10 Therefore, this study aimed to evaluate the analytical
and clinical performances of recent NT-proBNP immuno-
assays for the diagnosis of HF.

MATERIALS AND METHODS

NT-proBNP Assays

Three NT-proBNP assays were evaluated for comparison: the
Atellica IM NT-proBNP assay (Siemens Healthcare Diagnostics,
Tarrytown, New York), the Alere NT-proBNP assay (Abbott
Laboratories, Chicago, Illinois), and the Elecsys proBNP II assay
(Roche Diagnostics, Basel, Switzerland). The Elecsys proBNP II
assay was used in our laboratory at the time of this study, and the
Atellica IM NT-proBNP and Alere NT-proBNP assays were used
for comparison.

The Atellica IM NT-proBNP assay is a 2-site sandwich
immunoassay that uses direct chemiluminescence technology. A
biotinylated sheep monoclonal anti-human antibody that is
directed to N-terminal amino acids 14 to 21 serves as the primary
antibody. This is followed by a sheep monoclonal anti–NT-proBNP
antibody that is directed to N-terminal amino acids 27 to 32 as the
secondary antibody.18 According to the Urgent Field Safety Notice
CC 20-01.A-2.OUS issued in December 2019, Siemens Healthcare
Diagnostics19 corrected the positive bias up to 13% compared with
the existing NT-proBNP assays and realigned the lots from those
ending at 042 and above. This new lot was used in this study.

The Alere NT-proBNP assay is a 2-step immunoassay that uses
chemiluminescent microparticle immunoassay technology. A bio-
tinylated anti–NT-proBNP-coated paramagnetic microparticle di-
rected against N-terminal amino acids 4 to 13 was used in the first
step. This was followed by an anti–NT-proBNP acridinium-labeled
conjugate directed against N-terminal amino acids 26 to 32 in the
second step.18

The Elecsys proBNP II assay is a 2-step sandwich immunoassay
that uses electrochemiluminescence immunoassay technology. A
biotinylated mouse monoclonal anti-NT-proBNP antibody directed
against N-terminal amino acids 1 to 21 is the primary antibody.
This is followed by an acridinium-ester–labeled sheep monoclonal
anti–NT-proBNP antibody that is directed against N-terminal
amino acids 39 to 50 as the secondary antibody.17

In this study, the Atellica IM NT-proBNP assay using the Atellica
IM analyzer (Siemens Healthcare Diagnostics) and the Elecsys
proBNP II assay using the Cobas e 801 analyzer (Roche
Diagnostics) were performed at the clinical laboratory of our
hospital. The Alere NT-proBNP assay using the Allinity I analyzer
(Abbott Laboratories) was performed at the clinical laboratory of
another hospital.

Evaluation of Analytical Performance

Precision, linearity, and carryover were evaluated for all 3 NT-
proBNP assays. For the Atellica IM NT-proBNP assay, 3 levels of
quality control materials provided by the manufacturer were
measured in duplicate per run, with 2 separate runs per day for
20 days (80 measures per level), according to Clinical and
Laboratory Standards Institute (CLSI) guideline EP05-A3.20 Two
(Elecsys proBNP II) and 3 (Alere NT-proBNP) levels of quality
control materials were measured in 5 replicates per run, with a
single run per day for 5 days (25 measures per level), according to
CLSI guideline EP15-A3.21 The results of the imprecision study
were expressed as mean 6 SD and coefficient of variation (CV
[%]).

The linearity test was performed according to CLSI EP06-A,22

using linearity validation materials provided by the manufacturer.
Seven levels of validation materials were measured in triplicate. The
decision for acceptance was determined when the percentage
residual, that is, the distance from each data point to the calculated
linear fit target for each level, was less than 10%, except for the
lowest level.

The carryover study was performed according to CLSI EP10-
A3.23 High-level (H1, H2, H3, and H4) and low-level (L1, L2, L3,
and L4) pooled serum samples were analyzed 4 times consecu-
tively. The decision for acceptance was determined when the
carryover was less than 1%, according to the following formula: %
carryover ¼ [L1 � (L3 þ L4)/2]/[(H2 þH3)/2 � (L3 þ L4)/2] 3 100.

For comparison of the methods, the Passing-Bablok regression
with a difference plot and Spearman correlation assay were
performed. In addition, the NT-proBNP levels were divided into
3 subgroups: less than 125 pg/mL, 125 to 300 pg/mL, and 300 pg/
mL or more. To compare the concordance rate for clinical
significance, a weighted j agreement test was performed.1,16,24

Specimens and Data Collection

From July to November 2020, 160 serum specimens were
selected from inpatient and outpatient samples submitted for
physician-ordered NT-proBNP testing in the clinical laboratory of
our hospital. This institution is a tertiary-level, university-affiliated
hospital in South Korea. We collected the remaining samples after
routine measurements covering various concentration ranges
according to CLSI guideline25 EP09-A3. Each sample was aliquoted
into 3 Axygen 1.7-mL MaxyClear Snaplock Microcentrifuge Tubes
(Axygen Scientific Inc, Union City, California). At least 0.5 mL of
serum was collected in each microtube. Samples were stored at
�708C until the target number of samples was collected and used
for the test assays. Each of the 3 aliquots was frozen and
transported to the hospital (Seoul, Korea). On the same day, all
specimens were thawed at room temperature, and each aliquoted
specimen was analyzed using a different assay.

Clinical data were retrospectively collected by reviewing patients’
electronic medical records. The following demographic and clinical
data were collected: age, sex, clinical diagnosis, body mass index,
smoking status, and comorbid diseases. Radiologic (chest x-ray),
ECG, and echocardiographic data were also collected. The
following laboratory data were collected: estimated glomerular
filtration rate (eGFR), C-reactive protein, lactate dehydrogenase,
BNP, creatine kinase MB, and troponin I levels. The eGFR value
was calculated using the Modification of Diet in Renal Disease 4-
variable (isotope dilution mass spectrometry traceable) formula.
The body surface area was calculated using the Dubois formula. All
laboratory data collected in this study were determined using
Atellica CH and IM analyzers (Siemens Healthcare Diagnostics).
This study was approved by the institutional review board, which
waived the requirement for informed consent.

Comparison of Diagnostic Performance

HF diagnostic clinical performance was evaluated using receiver
operating characteristic (ROC) curve analysis, and the area under
the curve (AUC) values were compared. The clinical diagnosis of
HF was determined when a diagnosis of HF was specified in the
diagnosis list on the patient’s chart. The diagnostic agreement for a
reduced left ventricular ejection fraction (LVEF) of less than
40%11,12 and renal impairment24 with eGFR less than 60 mL/min/
1.73 m2 were also compared.

Statistical Analysis

Statistical analyses were performed using SPSS (version 25.0;
IBM Corp, Armonk, New York) and Microsoft Excel 2019 (Micro-
soft Corp, Redmond, Washington) with Analyse-it version 5.81
(Analyse-it Software, Ltd, Leeds, United Kingdom). The study
participants were divided into HF (n ¼ 81) and non-HF (n ¼ 79)
groups, and their clinical data were evaluated. For the numerical
data, the Kolmogorov-Smirnov test was used to confirm the
normal distribution, in which all numerical data were proven to be
nonparametric. Therefore, results were presented as medians and
interquartile ranges and were compared using the Kruskal-Wallis
test followed by a post hoc analysis using the Bonferroni method.
For categorical data, data distributions were presented as frequen-
cies and percentages and compared using a v2 test. To compare
clinical performance and ROC curve analysis, the sensitivity,

950 Arch Pathol Lab Med—Vol 147, August 2023 Comparison of 3 NT-proBNP Assays—Cho et al



specificity, positive predictive value (PPV), negative predictive value
(NPV), positive likelihood ratio (LRþ), and negative likelihood ratio
(LR�) were also calculated. The 95% CIs for each item were also
calculated, and statistical significance was set at P , .05.

RESULTS

Patient Characteristics

The baseline characteristics of the 160 patients are
presented in Table 1. Eighty men and 80 women were
included in the study. The total number of patients

diagnosed with HF was 81. All of these patients had a

chronic status at the time of this study. In terms of medical

history, hypertension and atrial fibrillation were more

frequent in the HF group (P ¼ .04 and P , .001,

respectively). Cardiomegaly and abnormal ECG findings

were more frequent in the HF group than in the non-HF

group (P , .001 for both). Regarding laboratory findings,

NT-proBNP and BNP levels were determined and tested

using the 3 assays. They were much higher in the HF group

Table 1. Baseline Characteristics of the Study Participants

HF Group (n ¼ 81) Non-HF Group (n ¼ 79) P Value

Age, median (IQR), y 66 (57–75) 63 (54–70) .19

Sex, No. (%) .87

Male 41 (50.6) 39 (49.4)

Female 40 (49.4) 40 (50.6)

Smoking, No. (%) .64

Current smoker 13 (16.0) 15 (19.0)

Ex-smoker 3 (3.7) 5 (6.3)

Never smoker 65 (80.2) 59 (74.7)

Body mass index, No. (%), kg/m2 .59

,18.5 6 (7.4) 8 (10.1)

18.5–24.9 33 (40.7) 29 (36.7)

25.0–29.9 33 (40.7) 34 (43.0)

�30.0 9 (11.1) 8 (10.1)

Underlying disease, No. (%)

Hypertension 57 (70.4) 44 (55.7) .04a

Diabetes mellitus 23 (28.4) 22 (27.8) .94

Hyperlipidemia 8 (10.4) 9 (11.8) .78

Pulmonary disease 17 (21.0) 19 (24.1) .64

Cerebrovascular accident 6 (7.4) 5 (6.3) .79

Renal disease 12 (14.8) 5 (6.3) .08

Malignancy 15 (18.5) 7 (8.9) .11

Other cardiac disease, No. (%)

Coronary artery disease 36 (45.6) 26 (32.1) .08

Cardiac myopathy 9 (11.1) 4 (5.1) .13

Atrial fibrillation 21 (25.9) 4 (5.1) ,.001a

Radiologic findings, No. (%)

Cardiomegaly 40 (49.4) 15 (19.0) ,.001a

Pleural effusion 10 (12.3) 9 (11.4) .72

Other abnormal findings 8 (9.9) 9 (11.4) .76

Abnormal ECG, No. (%) 62 (76.5) 37 (46.8) ,.001a

Laboratory findings, median (IQR)

eGFR, mL/min/1.73 m2 76.0 (59.7–90.8) 90.9 (75.7–106.5) ,.001a

CRP, mg/L 30.0 (13.0–62.3) 40.0 (14.5–94.5) .50

LDH, U/L 238.0 (208.3–272.9) 199.5 (186.0–236.0) .13

BNP, pg/mL 386.7 (111.5–647.1) 28.8 (20.2–75.4) ,.001a

CK-MB, lg/L 2.4 (1.9–3.0) 1.5 (1.2–2.0) .09

Troponin I, pg/mL 33.4 (11.2–55.6) 34.0 (17.2–50.7) .97

NT-proBNP level, median (IQR), pg/mL

Elecsys proBNP II 563 (177–1118) 37 (58–108) ,.001a

Atellica IM NT-proBNP 728 (252–1412) 79 (53–139) ,.001a

Alere NT-proBNP 582 (161–1137) 63 (33–120) ,.001a

Abbreviations: BNP, brain natriuretic peptide; CK-MB, creatine kinase–muscle brain; CRP, C-reactive protein; ECG, echocardiography; eGFR,
estimated glomerular filtration rate; HF, heart failure; IQR, interquartile range; LDH, lactate dehydrogenase; non-HF, non–heart failure; NT-proBNP,
N-terminal prohormone of brain natriuretic peptide.
a P value , .05 represents statistical significance.
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(P , .001 for all), whereas the eGFR was significantly lower
in the HF group (P , .001).

Analytical Performance

The precision results were acceptable, according to the
manufacturer’s claims (Supplementary Table 1; see the
supplemental digital content containing 1 table and 1 figure
at https://meridian.allenpress.com/aplm in the August 2023
table of contents). The within-run imprecision (repeatabil-
ity) of all 3 NT-proBNP assays ranged from 1.5% to 3.0%.
The within-laboratory (total) imprecision ranged from 1.6%
to 4.5%, which was acceptable according to both the
manufacturers’ claims and the Westgard database of
biologic variation (an imprecision of 5%).26 In the linearity
test, all 3 NT-proBNP assays demonstrated approximate
linearity across the claimed analytical measuring range with
a percentage residual of less than 10%, except for the lowest
level, in which the best-fit regression was a linear equation
(data not shown). The carryover test showed an acceptable
result of less than 1%.

Method Comparison

The method comparison results using the Passing-Bablok
regression are summarized in Table 2 and Figure 1, A
through F. The Atellica IM NT-proBNP assay, compared
with the Elecsys proBNP II assay, showed 11.1% and 13.1%
positive bias at 125 and 300 pg/mL, respectively. Similarly,
the Atellica IM NT-proBNP assay compared with the Alere

NT-proBNP assay showed 10.9% and 12.3% positive bias at
125 and 300 pg/mL, respectively. In contrast, the Alere NT-
proBNP assay showed a relatively low bias of 1% to 2%.
However, the Atellica IM NT-proBNP assay showed good
concordance in patient classification according to the NT-
proBNP value with the other tested assays. The Cohen j
values were 0.85 (95% CI, 0.78–0.93) compared with the
Elecsys proBNP II assay and 0.82 (95% CI, 0.74–0.90)
compared with the Alere NT-proBNP assay. Moreover, the
Cohen j value between the Alere NT-proBNP and Elecsys
proBNP II assays was 0.89 (95% CI, 0.82–0.95) (Table 3). To
show the discordant results directly, the overall NT-proBNP
concentration values obtained using the 3 different instru-
ments were plotted across the clinical decision points in
ascending order in a single chart (Figure 2).

Diagnostic Performance

The ROC curve analyses of the 3 NT-proBNP assays for
diagnostic agreement of HF, reduced LVEF (less than 40%),
and renal impairment (eGFR ,60 mL/min/1.73 m2) were
compared (see Supplementary Figure 1). The AUC values
for the diagnosis of HF were as follows: 0.89 (95% CI, 0.84–
0.95) for Elecsys proBNP II, 0.90 (95% CI, 0.85–0.96) for
Atellica IM NT-proBNP, and 0.87 (95% CI, 0.81–0.93) for
Alere NT-proBNP. The AUC values for reduced LVEF were
as follows: 0.72 (95% CI, 0.58–0.87) for Elecsys proBNP II,
0.76 (95% CI, 0.64–0.88) for Atellica IM NT-proBNP, and
0.71 (95% CI, 0.57–0.85) for Alere NT-proBNP. The AUC

Table 2. Results of the Passing-Bablok Regression (X-Axis Versus Y-Axis)

Slope
(95% CI)

Intercept
(95% CI)

Expected Value
at 125 pg/mL

(95% CI)
% Bias at
125 pg/mL

Expected Value
at 300 pg/mL

(95% CI)
% Bias at
300 pg/mL

Elecsys proBNP II versus
Atellica IM NT-proBNP

1.14
(1.09 to 1.18)

�3.69
(�5.80 to �1.78)

138.81
(134.99 to 141.56)

11.05 339.17
(326.61 to 347.50)

13.05

Elecsys proBNP II versus
Alere NT-proBNP

1.05
(1.00 to 1.11)

�5.03
(�7.77 to �2.18)

126.22
(122.34 to 131.44)

0.98 305.88
(293.03 to 319.13)

1.96

Alere NT-proBNP versus
Atellica IM NT-proBNP

1.12
(1.03 to 1.20)

�1.37
(�4.51 to 2.23)

138.63
(129.85 to 146.18)

10.90 336.76
(311.21 to 354.91)

12.25

Table 3. Concordance Analysis of the 3 Assaysa

Atellica IM NT-proBNP

j (95% CI),125 pg/mL 125–300 pg/mL .300 pg/mL
Agreement, %

(95% CI)

Elecsys proBNP II

,125 72 9 0 88.9 (80.2–94.0) 0.85 (0.78–0.93)

125–300 1 16 4 76.2 (54.9–89.4)

.300 0 0 56 100.0 (93.6–100.0)

Alere NT-proBNP

Elecsys proBNP II

,125 75 6 0 92.6 (84.8–96.6) 0.89 (0.82–0.95)

125–300 1 18 2 85.7 (65.4–95.0)

.300 0 2 54 96.4 (87.9–99.0)

Atellica IM NT-proBNP

,125 69 4 0 94.5 (86.7–97.8) 0.82 (0.74–0.90)

125–300 7 17 2 65.4 (46.2–80.6)

.300 0 5 56 91.8 (82.2–96.4)

a N-terminal prohormone of brain natriuretic peptide (NT-proBNP) levels are divided into 3 subgroups: ,125 pg/mL, 125–300 pg/mL, and �300 pg/
mL.
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Figure 1. Passing-Bablok regression and difference plots for the Atellica IM NT-proBNP (y-axis) versus the Elecsys proBNP II (x-axis), the Alere NT-
proBNP (y-axis) versus the Elecsys proBNP II (x-axis), and the Atellica IM NT-proBNP (y-axis) versus the Alere NT-proBNP (x-axis): (A) and (B), (C)
and (D), and (E) and (F), respectively. For (A), (C), and (E), P values . .05 for the CUSUM test for linearity indicate that the relationship between 2
assays is linear and therefore the Passing-Bablok regression is applicable.
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values for renal impairment were as follows: 0.77 (95% CI,
0.67–0.88) for Elecsys proBNP II, 0.77 (95% CI, 0.66–0.88)
for Atellica IM NT-proBNP, and 0.79 (95% CI, 0.68–0.89) for
Alere NT-proBNP. There were no statistical differences
between the AUC values (P values of AUCs for reduced
LVEF, Atellica versus Alere .30, Atellica versus Elecsys .43,
and Elecsys versus Alere .59; and P values of AUCs for renal
impairment, Atellica versus Alere .62, Atellica versus Elecsys
.28, and Elecsys versus Alere .92).

Table 4 shows a comparison of the clinical performance
for diagnostic agreement, presented as sensitivity, specific-
ity, PPV, NPV, LRþ, and LR-. The cutoff value of the 3 NT-
proBNP assays was 125 pg/mL.1,3,8,14,24 For the diagnosis of
HF, Elecsys proBNP II showed lower sensitivity (70.4%) but
higher specificity (91.1%) and LRþ (7.94) than the other
assays. The diagnostic performances of the 3 assays were
similar with respect to the estimation of reduced LVEF and
renal impairment.

DISCUSSION

Serum NT-proBNP concentration is useful for diagnosing,
monitoring, and determining the prognosis of patients with
HF.1–3,9,27–30 In this study, the analytical performances of 3
NT-proBNP assays, including precision, linearity, and
carryover, were acceptable according to the manufacturer’s
claims. The comparison results obtained from the Passing-
Bablok regression showed more than 10% positive bias at
the medical decision level compared with the Elecsys
proBNP II and Alere NT-proBNP assays. These relative
biases among assays may be related to the calibrators and
antibodies used by each manufacturer. However, the
concordance rates using weighted j agreement analysis
were like those of the Elecsys proBNP II assay. Biases
determined using the Passing-Bablok equation varied
among the 3 assays. However, the concordance rates were
consistent with those from a previous study, in which the
Roche assay was evaluated with other assays.14 The ROC
curve analysis of the 3 NT-proBNP assays showed no
significant differences in the AUC values for diagnosing HF,

Figure 2. Scatterplot showing log-transformed N-terminal prohormone of the brain natriuretic peptide (NT-proBNP) concentrations determined
using the 3 NT-proBNP assays. Samples are ordered using the median NT-proBNP concentration. Horizontal lines at the proposed medical decision
points (2.09 and 2.48, corresponding to the log-transformed values of 125 and 300 pg/mL, respectively) are included. The discordance between the
interpretative categories (log-transformed values of 2.09 and 2.48) is indicated by solid markers; all other results are indicated by hollow markers.

Table 4. Comparison of the Diagnostic Performance of the 3 Assays for the Diagnosis of Heart Failure, Reduced Left
Ventricular Ejection Fraction (LVEF; ,40%), and Renal Impairment (Estimated Glomerular Filtration Rate [eGFR] ,60

mL/min/1.73 m2), Mean (95% CI), With Cutoff of 125 pg/mL

Sensitivity, % Specificity, % PPV, % NPV, % LRþ, % LR�, %

Heart failure

Elecsys proBNP II 70.4 (59.7–79.2) 91.1 (82.8–95.6) 89.1 (79.8–94.4) 75.0 (68.0–80.9) 7.94 (4.03–16.34) 0.33 (0.23–0.45)

Atellica IM NT-proBNP 74.1 (63.6–82.4) 82.3 (72.4–89.1) 81.1 (72.4–87.5) 75.6 (67.9–81.9) 4.18 (2.63–6.92) 0.32 (0.21–0.45)

Alere NT-proBNP 72.8 (62.3–81.3) 83.5 (73.9–90.1) 81.9 (73.1–88.4) 75.0 (67.5–81.3) 4.43 (2.72–7.49) 0.33 (0.22–0.46)

LVEF ,40%

Elecsys proBNP II 75.0 (50.5–89.8) 58.6 (48.1–68.4) 25.0 (18.6–32.7) 92.7 (84.3–96.8) 1.81 (1.15–2.56) 0.43 (0.17–0.87)

Atellica IM NT-proBNP 81.3 (57.0–93.4) 55.2 (44.7–65.2) 25.0 (19.3–31.7) 94.1 (85.0–97.8) 1.81 (1.21–2.46) 0.34 (0.12–0.80)

Alere NT-proBNP 81.3 (57.0–93.4) 55.2 (44.7–65.2) 25.0 (19.3–31.7) 94.1 (85.0–97.8) 1.81 (1.21–2.46) 0.34 (0.12–0.80)

eGFR ,60 mL/min/1.73 m2

Elecsys proBNP II 66.7 (48.8–80.8) 68.0 (59.3–75.6) 33.9 (26.3–42.4) 89.2 (83.1–93.3) 2.09 (1.41–2.95) 0.49 (0.28–0.77)

Atellica IM NT-proBNP 73.3 (55.6–85.8) 62.3 (53.4–70.4) 32.4 (25.9–39.6) 90.5 (83.8–94.6) 1.95 (1.38–2.63) 0.43 (0.23–0.73)

Alere NT-proBNP 73.3 (55.6–85.8) 63.9 (55.1–71.9) 33.3 (26.6–40.8) 90.7 (84.1–94.7) 2.03 (1.43–2.77) 0.42 (0.22–0.71)

Abbreviations: LR�, negative likelihood ratio; LRþ, positive likelihood ratio; NPV, negative predictive value; PPV, positive predictive value.
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estimating reduced LVEF, and determining renal impair-
ment. All 3 NT-proBNP assays showed acceptable diagnos-
tic performance as determined by ROC curve analysis,
consistent with a previous study.31 Moreover, diagnostic
agreement, such as sensitivity, specificity, PPV, NPV, LRþ,
and LR�, was also similar for estimating reduced LVEF and
determining renal impairment. The sensitivity and specific-
ity were similar to those in the previous study.11 However,
for the diagnosis of HF, the Elecsys proBNP II showed low
sensitivity but high specificity and LRþ. This is in line with
the positive biases of the Atellica IM NT-proBNP and Alere
NT-proBNP compared with those of the Elecsys proBNP II,
which were determined using the Passing-Bablok equa-
tions. This may be due to the variability and bias among the
NT-proBNP assays.14,17,32

The high sensitivity for reduced LVEF and relatively low
sensitivity for diagnosing HF may be due to the presence of
HF with preserved ejection fraction (HFpEF). In acute
settings, the diagnostic performances of HF with reduced
ejection fraction and HFpEF are reported to be similar.30

However, a previous meta-analysis study33 reported that
NT-proBNP showed a higher PPV than NPV. In a nonacute
setting, distinguishing HFpEF from other diseases is
difficult, as the NT-proBNP level in patients with HFpEF
can be closer to normal than in acute settings. For
estimating renal impairment, NT-proBNP assays showed a
relatively good concordance with NPV; however, they
lacked specificity. A previous study reported that the NT-
proBNP to BNP ratio is higher in patients with an eGFR less
than 60 mL/min/1.73 m2 than in those with an eGFR greater
than 60 mL/min/1.73 m2.24 It has been reported that NT-
proBNP is thought to be mainly cleared by the kidneys. BNP
is thought to be cleared primarily by endopeptidases and
receptor-mediated clearance.13 Increased NT-proBNP levels
may be associated with renal impairment. However, a
systematic review suggested that the cutoff value in patients
with renal impairment should be raised.8 Therefore, the
relationship between the NT-proBNP level and renal
impairment remains unclear, and further studies with larger
populations are recommended.

This study had certain limitations. First, we collected
patient samples focused on NT-proBNP concentration
distribution rather than the overall incidence rate of HF to
cover various concentration ranges for comparison. There-
fore, the proportion of HF in our samples was higher than
the prevalence rate of HF.7 Therefore, the statistical results
could be overestimated.

Second, this study focused on the comparison among 3
assays. We collected only 160 samples, which met the
minimum number of 120 for method comparison according
to CLSI guideline25 EP09-A3. For a comparison of diagnos-
tic and clinical performance and for consideration of the
prevalence of HF, further studies with a larger number of
samples are required.

Third, we relied solely on the electronic medical record
diagnosis to determine patients with HF. We could collect
only limited clinical data for method evaluation and
comparison because the need for informed consent was
waived by the institutional review board. For this reason, we
could not directly select patients. None of the patients were
diagnosed with acute HF. Furthermore, we could not collect
data on New York Heart Association functional classifica-
tion. It has been reported that serum NT-proBNP concen-
tration is strongly associated with the New York Heart
Association classification.9,11,29 Further studies based on

clinical research are warranted to cover disease severity and
prognosis.

This study evaluated and compared the analytical and
diagnostic performances of recent NT-proBNP immunoas-
says. There were certain analytical differences among the 3
assays. However, these assays showed acceptable clinical
and diagnostic performance and could be used to diagnose
HF in clinical settings. In conclusion, this study provides
clinical evidence that NT-proBNP assays have beneficial
diagnostic performance for routine testing.

References

1. Metra M, Teerlink JR. Heart failure. Lancet. 2017;390(10106):1981–1995.
doi:10.1016/S0140-6736(17)31071-1

2. Yancy CW, Jessup M, Bozkurt B, et al. 2017 ACC/AHA/HFSA focused
update of the 2013 ACCF/AHA guideline for the management of heart failure: a
report of the American College of Cardiology/American Heart Association Task
Force on Clinical Practice Guidelines and the Heart Failure Society of America.
Circulation. 2017;136(6):e137–e161. doi:10.1161/CIR.0000000000000509

3. McDonagh TA, Metra M, Adamo M, et al. 2021 ESC guidelines for the
diagnosis and treatment of acute and chronic heart failure [published correction
appears in Eur Heart J. 2021;42(48):4901].Eur Heart J. 2021;42(36):3599–3726.
doi:10.1093/eurheartj/ehab368

4. Bui AL, Horwich TB, Fonarow GC. Epidemiology and risk profile of heart
failure. Nat Rev Cardiol. 2011;8(1):30–41. doi:10.1038/nrcardio.2010.165

5. Ziaeian B, Fonarow GC. Epidemiology and aetiology of heart failure. Nat
Rev Cardiol. 2016;13(6):368–378. doi:10.1038/nrcardio.2016.25

6. Groenewegen A, Rutten FH, Mosterd A, Hoes AW. Epidemiology of heart
failure. Eur J Heart Fail. 2020;22(8):1342–1356. doi:10.1002/ejhf.1858

7. Virani SS, Alonso A, Benjamin EJ, et al. Heart disease and stroke statistics—
2020 update: a report from the American Heart Association. Circulation. 2020;
141(9):e139–e596. doi:10.1161/CIR.0000000000000757

8. Hill SA, Booth RA, Santaguida PL, et al. Use of BNP and NT-proBNP for the
diagnosis of heart failure in the emergency department: a systematic review of the
evidence [published correction appears in Heart Fail Rev. 2014;19(4):565].Heart
Fail Rev. 2014;19(4):421–438. doi:10.1007/s10741-014-9447-6

9. Weber M, Hamm C. Role of B-type natriuretic peptide (BNP) and NT-
proBNP in clinical routine. Heart. 2006;92(6):843–849. doi:10.1136/hrt.2005.
071233

10. Semenov AG, Feygina EE. Standardization of BNP and NT-proBNP
immunoassays in light of the diverse and complex nature of circulating BNP-
related peptides. Adv Clin Chem. 2018;85:1–30. doi:10.1016/bs.acc.2018.02.
001

11. Seino Y, Ogawa A, Yamashita T, et al. Application of NT-proBNP and BNP
measurements in cardiac care: a more discerning marker for the detection and
evaluation of heart failure. Eur J Heart Fail. 2004;6(3):295–300. doi:10.1016/j.
ejheart.2003.12.009

12. Rørth R, Jhund PS, Yilmaz MB, et al. Comparison of BNP and NT-proBNP in
patients with heart failure and reduced ejection fraction. Circ Heart Fail. 2020;
13(2):e006541. doi:10.1161/CIRCHEARTFAILURE.119.006541

13. Wahl HG, Graf S, Renz H, Fassbinder W. Elimination of the cardiac
natriuretic peptides B-type natriuretic peptide (BNP) and N-terminal proBNP by
hemodialysis. Clin Chem. 2004;50(6):1071–1074. doi:10.1373/clinchem.2003.
030692

14. Sykes E, Karcher RE, Eisenstadt J, et al. Analytical relationships among
Biosite, Bayer, and Roche methods for BNP and NT-proBNP. Am J Clin Pathol.
2005;123(4):584–590. doi:10.1309/F86F-VEFD-GX06-DTUV

15. Sanz MP, Borque L, Rus A, Vicente B, Ramı́rez Y, Lasa L. Comparison of
BNP and NT-proBNP assays in the approach to the emergency diagnosis of acute
dyspnea. J Clin Lab Anal. 2006;20(6):227–232. doi:10.1002/jcla.20146

16. Masotti S, Musetti V, Prontera C, et al. Evaluation of analytical
performances using standardized analytical protocols and comparison of clinical
results of the new ADVIA BNP and NT-proBNP immunoassays for the Centaur
XPT platform. Clin Chem Lab Med. 2019;57(6):911–917. doi:10.1515/cclm-
2018-0760

17. Yeo KT, Dumont KE, Brough T. Elecsys NT-ProBNP and BNP assays: are
there analytically and clinically relevant differences? J Card Fail. 2005;11(5
suppl):S84–S88. doi:10.1016/j.cardfail.2005.04.017

18. Xiao P, Li H, Li X, Song D. Analytical barriers in clinical B-type natriuretic
peptide measurement and the promising analytical methods based on mass
spectrometry technology. Clin Chem Lab Med. 2019;57(7):954–966. doi:10.
1515/cclm-2018-0956

19. Atellica IM NT-proBNP (PBNP) positive bias to predicate method. Urgent
Field Safety Notice CC 20-01.A-2.OUS. Tarrytown, NY: Siemens Healthcare
Diagnostics Inc; 2019.

20. CLSI. Evaluation of Precision of Quantitative Measurement Procedures;
Approved Guideline. 3rd ed. Wayne, PA: Clinical and Laboratory Standards
Institute; 2014.

21. CLSI. User Verification of Precision and Estimation of Bias; Approved
Guideline. 3rd ed. Wayne, PA: Clinical and Laboratory Standards Institute; 2014.

Arch Pathol Lab Med—Vol 147, August 2023 Comparison of 3 NT-proBNP Assays—Cho et al 955



22. CLSI. Evaluation of the Linearity of Quantitative Measurement Procedures:
A Statistical Approach; Approved Guideline. Wayne, PA: Clinical and Laboratory
Standards Institute; 2003.

23. CLSI. Preliminary Evaluation of Quantitative Clinical Laboratory Measure-
ment Procedures; Approved Guideline. 3rd ed. Wayne, PA: Clinical and
Laboratory Standards Institute; 2006.

24. Farnsworth CW, Bailey AL, Jaffe AS, Scott MG. Diagnostic concordance
between NT-proBNP and BNP for suspected heart failure. Clin Biochem. 2018;59:
50–55. doi:10.1016/j.clinbiochem.2018.07.002

25. CLSI. Measurement Procedure Comparison and Bias Estimation Using
Patient Samples. 3rd ed. Wayne, PA: Clinical Laboratory and Standards Institute;
2018.

26. Westgard QC. Desirable specifications for total error, imprecision, and bias,
derived from intra- and inter-individual biologic variation. https://www.westgard.
com/biodatabase1.htm. Updated 2014. Accessed June 30, 2021.

27. Santaguida PL, Don-Wauchope AC, Oremus M, et al. BNP and NT-proBNP
as prognostic markers in persons with acute decompensated heart failure: a
systematic review. Heart Fail Rev. 2014;19(4):453–470. doi:10.1007/s10741-
014-9442-y

28. McKie PM, AbouEzzeddine OF, Scott CG, et al. High-sensitivity troponin I
and amino-terminal pro–B-type natriuretic peptide predict heart failure and

mortality in the general population. Clin Chem. 2014;60(9):1225–1233. doi:10.
1373/clinchem.2014.222778

29. Januzzi JL, van Kimmenade R, Lainchbury J, et al. NT-proBNP testing for
diagnosis and short-term prognosis in acute destabilized heart failure: an
international pooled analysis of 1256 patients: the International Collaborative
of NT-proBNP Study. Eur Heart J. 2006;27(3):330–337. doi:10.1093/eurheartj/
ehi631

30. Salah K, Stienen S, Pinto YM, et al. Prognosis and NT-proBNP in heart
failure patients with preserved versus reduced ejection fraction. Heart. 2019;
105(15):1182–1189. doi:10.1136/heartjnl-2018-314173

31. Chen YY, Li SL, Lin HL, Li WD, Zhu XZ, Zhang HL. A chemiluminescence
immunoassay for the detection of NT-proBNP. Anal Biochem. 2020;611:113950.
doi:10.1016/j.ab.2020.113950

32. Mueller T, Gegenhuber A, Poelz W, Haltmayer M. Comparison of the
Biomedica NT-proBNP enzyme immunoassay and the Roche NT-proBNP
chemiluminescence immunoassay: implications for the prediction of symptom-
atic and asymptomatic structural heart disease. Clin Chem. 2003;49(6, pt 1):976–
979. doi:10.1373/49.6.976

33. Remmelzwaal S, van Ballegooijen AJ, Schoonmade LJ, et al. Natriuretic
peptides for the detection of diastolic dysfunction and heart failure with preserved
ejection fraction—a systematic review and meta-analysis. BMC Med. 2020;18(1):
290. doi:10.1186/s12916-020-01764-x

956 Arch Pathol Lab Med—Vol 147, August 2023 Comparison of 3 NT-proBNP Assays—Cho et al

https://www.westgard.com/biodatabase1.htm
https://www.westgard.com/biodatabase1.htm

