Journal of Practical Emergency Medicine. 2023; 10(1): e20

ORIGINAL RESEARCH

Value of Mid-Regional Pro-Atrial Natriuretic Peptide and
Brain Natriuretic Peptide for Detection of Acute Heart
Failure in Patients with Dyspnea: Diagnostic Accuracy
Study

Kambiz Masoumi!’?, Hasan Motamed!, Javad Mozafari!, Seyedeh Azadeh Mosallaei®*

1. Emergency Medicine Department, Imam Khomeini General Hospital, Ahvaz Jundishapur University of Medical Sciences, Ahvaz, Iran.
2. Air Pollution and Respiratory Diseases Research Center, Ahvaz Jundishapur University of Medical Sciences, Ahvaz, Iran.

3. Emergency Medicine Department, Ahvaz Jundishapur University of Medical Sciences, Ahvaz, Iran.

Received: June 2023; Accepted: July 2023; Published online: 14 August 2023

Abstract: Background: The measurement of mid-regional pro-atrial natriuretic peptide (MR-proANP) as a clinical
biomarker has become a potent diagnostic value for identifying patients with heart failure. This study aimed
to determine the diagnostic value of MR-proANP in heart failure in comparison with brain natriuretic peptide
(BNP). Methods: This prospective diagnostic accuracy study evaluated two biomarkers in consecutive patients
presenting to the emergency department (ED) with acute dyspnea. Blood samples were collected immediately
from the participants. A diagnostic value of MR-proANP versus BNP for the diagnosis of acute heart failure was
analyzed. All patients underwent transthoracic echocardiography to classify the diagnosis as dyspnea due to
heart failure or due to other causes. Patients without a subsequent diagnosis of heart failure were compared as
the controls. The diagnostic performance was evaluated by receiver operating characteristics (ROC) analysis.
Results: Overall, 100 patients with heart failure and 85 controls were included in the study. The plasma levels of
BNP and MR-proANP were significantly higher in the heart failure patients than in the control patients (p<0.001).
MR-proANP levels significantly correlated with BNP levels (r=0.745, p<0.001). The ROC analysis demonstrated
an area under the curve (AUC) of 0.872 (95% CI: 0.815-0.917) for MR-proANP and an AUC of 0.814 (95% CI:
0.751-0.868) for BNP. The AUC of MR-proANP was significantly higher than BNP to detect heart failure in pa-
tients with dyspnea (p=0.008). The optimal cut-off point of plasma MR-proANP was 134 pmol/L (sensitivity:
88.1%; specificity: 84.5%; PPV: 87.3%; NPV: 85.5%). Conclusion: MR-proANP may be a useful biomarker for the
diagnosis of acute heart failure in patients with dyspnea presenting to ED. The diagnostic value of MR-proANP
was superior to BNP for diagnosing heart failure.

Keywords: Biomarkers; Natriuretic peptide; Heart failure; Diagnostic; Accuracy

Masoumi K, Motamed H, Mozafari ], Mosallaei SA. Value of Mid-Regional Pro-Atrial Natriuretic Peptide and Brain Natri-
uretic Peptide for Detection of Acute Heart Failure in Patients with Dyspnea: Diagnostic Accuracy Study. J Pract Emerg Med. 2023; 10(1): e20.
https://doi.org/10.22037/jpem.v10i1.42165.

1. Introduction portance of heart failure as a major health problem is given

. . . more attention (2, 3).
Heart failure (HF) is one of the most important causes of

mortality and morbidity in people over 65 years of age (1).
More than 80% of heart failure cases are over 65 years old,

Despite recent advances in the management of heart failure,
the prognosis remains poor. Half of all heart failure patients
die within four years after being diagnosed, with more than
50% of subjects with severe heart failure dying within the first
year (4, 5).

Nowadays, the early detection of heart failure is one of the

and due to the aging of the population of countries, the im-
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and reduce mortality in heart failure subjects. Recognizing
the modifiable risk factors, controlling, and treating them
helps to improve the prognosis, reduce the length of hospi-
tal stay, and mortality, as well as improve the quality of life in
these patients (3, 6).

At present, the diagnosis of heart failure in a patient present-
ing with dyspnea is based on Framingham clinical criteria
and echocardiography (7). Although the gold standard di-
agnostic method is echocardiography, it is not available in
many centers, is expensive, and may not be possible to per-
form accurately in many acute conditions (7, 8). Echocardio-
graphy is also time-consuming and requires individual and
specialized skills to perform and interpret (7-9).

The use of biomarkers for screening and diagnosis of HE
which leads to the early diagnosis of left ventricular dysfunc-
tion, and thus early treatment, can be useful (10, 11). In-
deed, biomarkers play a principal role in identifying cases at
risk for HF (10-12). Brain Natriuretic Peptide (BNP) and N-
terminal pro-BNP which are secreted in response to myocar-
dial stress, are useful markers for the prognosis of heart fail-
ure (12, 13). Atrial natriuretic peptide (ANP) is released from
myocardial cells in response to volume expansion and a pos-
sible increased wall stress (14). The release of both ANP and
BNP is increased in patients with left ventricular dysfunction
(15).

However, newer biomarkers that reflect different pathophys-
iological mechanisms are needed to diagnose and evaluate
the disease, advancing screening methods as well as specific
therapies. Numerous studies have examined biomarkers in
the early diagnosis of heart failure. A previous study found
that MR-proANP might be more sensitive and specific than
BNP in diagnosing heart failure patients with preserved ejec-
tion fraction (11). In the present study, the diagnostic value
of mid-regional pro-ANP (MR-proANP) in patients with sus-
pected heart failure and comparison with BNP was investi-
gated.

2. Methods
2.1. Study design

This prospective diagnostic accuracy study was performed at
Imam Khomeini Hospital in Ahwaz, Iran, between January
and December 2021. The study was approved by the Re-
search Ethics Committees of Ahvaz Jundishapur University
of Medical Sciences (IR.AJUMS.REC.1397.113). Written in-
formed consent was obtained from all participants.

2.2. Participants

All consecutive patients with acute dyspnea who visited the
emergency department (ED) were enrolled. Inclusion crite-
ria were patients 20-70 years of age and willingness to partic-
ipate in the study. Patients with renal injury (serum creati-

nine exceeding 1.2 mg/dl), acute coronary syndrome (based
on the laboratory findings and ECG), and a history of pul-
monary thromboembolic events were excluded. In addition,
atrial fibrillation or flutter is associated with higher concen-
trations of NPs. Moreover, there is a linear decrease in NP
levels with increasing BMI, the higher the BMI the lower the
cut-off concentration. Therefore, we defined a high BMI>25
and atrial flutter or fibrillation based on the electrocardio-
gram (ECQG) as additional exclusion criteria.

3. Index test and data collection

Emergency medicine residents visited all patients and took
over their management. They obtained demographic data
(age and sex), history, physical exam, and ECG from each
patient. After informed consent had been obtained, on ad-
mission blood samples were collected immediately from the
cases. Emergency medicine residents were unaware of the
study design.

Blood samples were immediately centrifuged, and the
plasma was frozen at —-80°C. The plasma levels of BNP were
measured within 24 h of sample collection by radioim-
munoassay kits provided by Biotech Co, Ltd (Wuhan, China).
Plasma MR-proANP concentrations were determined within
one day of sample collection by an automated immunoflu-
orescent assay (B.R.A.H.M.S Kryptor compact, Hennigsdorf,
Germany). All blood samples were processed by staff blinded
from any patient data.

3.1. Reference standard

All patients underwent transthoracic echocardiography (M-
mode, 2D, and Doppler flow) to classify the diagnosis as dys-
pnea due to heart failure or due to another cause in the first
24 hours after admission (16). The results were recorded in a
checklist.

Echocardiographers and patients were blinded to the plasma
level of biomarkers. Patients with left ventricular ejection
fraction (LVEF) <40% were considered to have heart failure.
Patients without a subsequent diagnosis of heart failure were
considered the control group. The correlations of biomarkers
with echocardiography results were analyzed to compare the
diagnostic value of biomarkers.

3.2. Data analysis

Cochran’s formula was used to calculate the sample size.
The sample size was 97 people with a 95% confidence level,
a margin of error of 10%, and a population proportion of
0.5. Data analysis was done using SPSS software version
25.0 (IBM, Armonk, NY, USA). The Kolmogorov-Smirnov test
was used to check the normal distribution of variables. Vari-
ables were described by frequency (percentage) and mean
(standard deviation) or 95% confidence interval (CI). The
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Variables Total (n=185) Heart failure (n=100) No heart failure (n=85) p value
Age (year) 54.11 £ 10.60 55.12+11.86 52.93 +£10.43 0.435
Gender (male) 124 (67.0%) 71 (71.0%) 53 (62.4%) 0.316
Biomarker level
MR-proANP (pmol/L) 321.35+208.63 469.01 +177.00 147.41 £42.95 <0.001
BNP (pg/ml) 13.77 £7.53 20.01 £3.99 6.44+2.14 <0.001
Values are expressed as the mean + standard deviation or number (%).
MR-proANP: mid-regional pro-atrial natriuretic peptide; BNP: brain natriuretic peptide.
Diagnostic value of MR-proANP and BNP for diagnosing heart failure
Variables MR-proANP BNP
Cut-off 134 pmol/L 9.6 pg/ml
Sensitivity 88.1 (80.2 - 93.7) 76.2 (66.7 - 84.1)
Specificity 84.5 (75.0 - 91.5) 85.7 (76.4 - 92.4)
LR+ 5.69 (3.44 - 9.43) 5.34 (3.13-9.11)
LR- 0.14 (0.082 - 0.24) 0.28 (0.19 - 0.40)
PPV 87.3(80.5-91.9) 86.5 (79.0 - 91.6)
NPV 85.5 (77.5-91.0) 75.0 (67.7 - 81.1)
AUC 0.872 (0.815-0.917) 0.814 (0.751-0.868)

Values are expressed with 95% confidence interval (CI). AUC = area under the curve, MR-proANP: mid-regional pro-atrial
natriuretic peptide, BNP: brain natriuretic peptide, PPV: Positive predictive value, NPV: Negative predictive value,

LR+: Positive likelihood ratio, LR-: Negative likelihood ratio.

Chi-square test was performed for the comparisons between
qualitative variables. Mann-Whitney test was performed
for nonparametric data. Receiver-operating characteristics
(ROC) analysis was used to assess the area under the curve to
detect heart failure for both MR-proANP and BNP. The cut-
off value of serum biomarkers was calculated according to
Youden’s index. The two-sided p-value of less than 0.05 was
considered statistically significant.

4. Results

Overall, 185 patients with dyspnea were enrolled in this
study. Of these, 100 patients had heart failure. Another 85
patients were considered as the control group. The majority
of participants were men (67.0%). The mean age of partici-
pants was 54.11 + 10.60 years (ranging from 28 to 70 years).
Patient characteristics are reported in Table 1.

The MR-proANP plasma level in the heart failure group was
469.01 + 177.00 pmol/L (ranging from 160 to 840 pmol/L),
and 147.41 + 42.95 pmol/Lin the control group (ranging from
68 to 234 pmol/L). The plasma level of BNP was 20.01 + 3.99
pg/ml for the heart failure group (ranging from 7.8 to 28.0
pg/ml) and 6.44 + 2.14 pg/ml for the control group (ranging
from 3.5 to 12.6 pg/ml). The plasma level of BNP and MR-
proANP in the heart failure patients was significantly higher
than in the control patients (p<0.001).

The diagnostic value of biomarkers was evaluated by ROC
analysis. The ROC analysis demonstrated an AUC of 0.872

(95% CI: 0.815-0.917) for MR-proANP and an AUC of 0.814
(95% CI: 0.751-0.868) for BNP to predict heart failure (Figure
1). The optimal cut-offs of plasma BNP and MR-proANP were
9.6 pg/ml and 134 pmol/L, respectively. The AUC of MR-
proANP was significantly higher than BNP to detect heart
failure in patients with dyspnea (p = 0.008).

Serum levels of MR-proANP and BNP were good biomarkers
for differentiating heart failure and other causes of dyspnea
with a sensitivity of 88.1% and 76.2%, a specificity of 84.5%
and 85.7%, a PPV of 87.3% and 86.5%, an NPV of 85.5% and
75.0%, respectively (Table 2).

5. Discussion

The most common manifestation of heart failure is shortness
of breath, a complaint that is neither specific nor sensitive to
predict the presence of heart failure. In addition, although
the physical findings in HF are relatively specific, their sensi-
tivity is limited (only 50-60%) (10).

Plasma natriuretic peptides assay is a useful test in evaluat-
ing subjects with dyspnea in the ED and is especially useful
as part of the assessment of suspected HF when the diagnosis
is unclear (17). In the current study, diagnostic values of MR-
proANP and BNP were compared in patients with dyspnea.
As the main findings, plasma concentrations of MR-proANP
and BNP were significantly higher in patients with heart fail-
ure than in those without heart failure, and the MR-proANP
was significantly better than BNP to detect heart failure in pa-
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tients with dyspnea.

The diagnostic performances of BNP and MR-proANP were
acceptable for detecting heart failure. This is similar to pre-
vious studies (18, 19) and supports current guideline recom-
mendations for using natriuretic peptides to rule out acute
heart failure.

Dieplinger et al. evaluated 10 biomarkers for the diagnosis of
acute heart failure. They enrolled 251 patients with dyspnea.
The median plasma levels of all biomarkers were higher in
patients with heart failure than in patients with other causes
of dyspnea. They found that AUC for BNP (0.92) and MR-
proANP (0.88) were significantly higher than the other eight
biomarkers (20).

Maisel et al. in the multicenter trial evaluated the utility of
MR-proANP as compared to BNP in 1641 patients presenting
to the ED with dyspnea (14). They demonstrated that MR-
proANP was similar to BNP for the diagnosis of acute heart
failure. The AUCs for BNP and MR-proANP were 0.91 and
0.90.

The ROC analysis in the present study demonstrated an AUC
of 0.87 for MR-proANP and an AUC of 0.814 for BNP to pre-
dict heart failure. The AUC for MR-proANP in previous stud-
ies was similar to the current study (0.88 and 0.90 vs 0.87) and
higher in BNP (0.92 and 0.91 vs 0.81) (14,20). The reason can
be the difference in the studied patients and the exclusion
of patients with renal failure and obesity, from the present
study.

Consistent with the current study, in previous studies, pa-
tients with heart failure had significantly higher median
plasma levels of MR-proANP than patients with other causes
of shortness of breath (17, 21, 22). Also, the diagnostic per-
formance of MR-proANP (AUC of 0.87 and 0.92) was similar
to the present study (AUC of 0.87).

Gegenhuber et al. reported that the diagnostic accuracy
achieved by MR-proANP was similar to that achieved by BNP
and that both peptides may be equally useful for detecting
acute heart failure in patients with shortness of breath. the
AUC for MR-proANP was 0.876 (21).

In a systematic review and meta-analysis by Clerico et al., the
mean AUC for BNP was 0.818 (23). This was consistent with
the current study. These findings show that both BNP and
MR-proANP have a good diagnostic value for acute heart fail-
ure.

The cut-off concentration with the highest accuracy for
plasma MR-proANP was 134 pmol/L, in the present study. In
previous studies, a cut-off point of 120 pmol/L was recom-
mended for MR-proANP to rule out acute HF (3, 24). How-
ever, in the present study, a cut-off of 134 pmol/L gave the
highest accuracy for diagnosis in patients with heart failure
(sensitivity 0.82, specificity 0.86, PPV 0.87, and NPV 0.80).
Natriuretic peptide levels are affected by factors such as age,
sex, BMI, renal function, and even activity levels. A previous

study found four key confounders (i.e., age, sex, BMI, and
renal function) (13). Renal function and BMI are two of the
strongest confounders of NP concentration (10). In the cur-
rent study, there was no significant difference between the
patients in terms of age and sex, and obese patients (BMI>25)
and patients with a history of renal failure were excluded
from the study.

Therefore, biomarkers could be measured in patients pre-
senting with dyspnea to facilitate early diagnosis and the
early exclusion of heart failure. Of course, there are some lim-
itations to measuring biomarkers. First, patients may present
with more than one cause of dyspnea. Thus, a high plasma
level of biomarkers does not exclude the presence of other
diseases such as pulmonary arterial hypertension which can
be caused by underlying lung diseases and leads to BNP el-
evation. Also, it would have been better if patients with this
condition had been excluded from the study (like pulmonary
embolism) but due to the difficulty of doing this task, the au-
thors can just mention this issue as another limitation of their
study. Second, in severe chronic HE they may have persis-
tently elevated plasma levels of BNP regardless of treatment,
and the biomarker levels could not help to guide manage-
ment. Third, in some patients with acute decompensated
heart failure, plasma BNP concentrations are not diagnostic.
In patients with concomitant disorders such as pneumonia
and decompensated heart failure, very high BNP concentra-
tions, although specific for decompensated heart failure, do
not rule out the presence of other significant diseases. An-
other limitation is that in two-gate case-control design diag-
nostic studies which use control estimates of diagnostic ac-
curacy is inflated compared with studies using a cohort of
consecutive patients (single-gate study). On average, the di-
agnostic odds ratio can be 3-fold higher in two-gate sampling
using healthy controls vs single-gate studies (25).

6. Conclusion

The plasma concentration of BNP and MR-proANP in the pa-
tients with heart failure was statistically higher than in pa-
tients without heart failure and the diagnostic value of MR-
proANP was superior to BNP for diagnosing heart failure.
Therefore, MR-proANP is a better biomarker for acute heart
failure diagnosis in patients with dyspnea.
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