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ABSTRACT
Purposes: The purpose of this study was to evaluate the diagnos�c and prognos�c value of mid-
regional pro-atrial natriure�c pep�de (MR-proANP) for the evalua�on of pa�ents presen�ng to 
the emergency department with acute dyspnea. Methods: We prospec�vely evaluated MR-
proANP in consecu�ve pa�ents presen�ng with acute dyspnea in a medical emergency unit 
during a 30-day period. This biomarker was tested for its poten�al to predict diagnoses and 
survival. Results: Overall, n = 230 pa�ents were included. Of these, 67.4% had acute heart 
failure, 32.6% had pneumonia, and 4.7% died. The level of MR-proANP was the highest in 
pa�ents with acute heart failure. NYHA scores and levels of MR-proANP correlated posi�vely. 
MR-proANP achieved an AUC of 0.93 for the diagnosis of acute heart failure. Using a cut-off of 
153 pmol/L, sensi�vity was 93% and specificity 85%. PPV was 93% and NPV 86.5%. In �me-
dependent analyses, MR-proANP had a high AUC for death during the first month. Just only mid-
regional pep�de was independently prognos�c and reclassified risk at one month [MR-proANP, 
hazard ra�o (HR) =10.87]. Conclusion: Among pa�ents with acute dysponea, MR-proANP is not 
only accurate for diagnosis of acute heart failure, but also independently prognos�c to 1 month 
of the follow-up.
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1. INTRODUCTION

Making the correct diagnosis in dyspneic 

pa�ents with suspected acute heart failure 

(AHF) is challenging, and confirmatory in only 

40 - 50% of cases, especially in cases ac-

companied by pneumonia. Several studies 

have shown that when added to rou�ne 

history, clinical examina�on, and conven-

�onal inves�ga�ons (for example, chest 

radiography) , measurement of p lasma 

natriure�c pep�de levels improves diagnos�c 

accuracy, and has led to these markers being 

recommended in interna�onal guidelines for 

the diagnosis and management of heart failure 

[1, 2]. Pneumonia is one of the most common 

triggers of acute decompensated heart failure. 

The differen�al diagnosis among heart failure 

and pneumonia or worsening heart failure due 

to pneumonia is s�ll challenging.

Recently, a novel immunoassay was developed 

for the detec�on of the stable prohormone 

fragment of atrial natriure�c pep�de (ANP) 

[2] . The prohormone fragment is stoi-

chiometrically related to the synthesis of the 
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biologically ac�ve, but unstable, fragment, 

and can serve as a surrogate of the mature 

hormone. Mid-regional epitopes of pro-

hormones may be more stable to degrada�on 

by exoproteases than epitopes in the N- or C-

terminus. Recently, the BACH (Biomarkers in 

Acute Heart Failure) mul�na�onal study 

showed that mid-region proANP (MR-proANP) 

is as useful as BNP for establishing a diagnosis 

of acute heart failure in dyspnoeic pa�ents 

presen�ng to the Emergency Department (ED) 

with shortness of breath and may provide 

addi�onal clinical u�lity in situa�ons where 

BNP is difficult to interpret [3].

Un�l now, in Viet Nam, however, the values 

of this kind of pro hormone in dyspneic 

pa�ents due to heart failure and pneumonia 

were unknown. The purposes of this study 

were to determine the thresholds of MR-

proANP in diagnos�c acute heart failure and 

prognos�c short term (30 days) on pa�ents 

admi�ed to the emergency department (ED) 

at Cho Ray hospital.

2. METHODS
2.1. Pa�ent popula�on
This research was a prospec�ve, 230 pa�ents 

presen�ng to the ED with acute dyspnea, from 

May of 2014 to May of 2015 at Cho Ray 

hospital. Pa�ents were excluded if they were
< 18 years of age, had acute dyspnea due to 

myocardial infarc�on, had severe renal failure 
2(eGFR < 30mL/minutes/1.73m ) or were 

receiving hemodialysis.

For each the pa�ent enrolled in this study, ED 

physicians, blinded to the marker results, 

assessed the probability that pa�ent had AHF 

or pneumonia.

2.2. Confirma�on of diagnosis: from Cardio-

logist and pulmonologist

Pa�ents were classified according to two 

groups: heart failure and pneumonia. The 

diagnosis of heart failure was based on ESC 

2012, when a pa�ent had typical symptoms and 

specific signs, had abnormali�es in cardiac 

ultrasonography: le� ventricular systole and/or 

diastole dysfunc�on [3]. The later was 

confirmed when pa�ents had clinical symptoms 

(fever, dullness to percussion, egophony, 

tachycardia and tachypnea, decreased breath 

sounds, rales) and abnormal chest X-ray 

(pulmonary infiltrates) [4].

We categorized the severity of heart failure 

based on NYHA: group 1: NYHA II, III; group 2: 

NYHA IV.

2.3. Measurement of biomarkers
All blood samples were collected in plas�c 

tubes containing ethylenediaminetetraace�c 

acid, and plasma was stored at -70°C in plas�c 

freezer vials. MR-proANP was measured with 

an automated sandwich chemiluminescence 

immunoassay on the KRYPTOR System 

(BRAHMS AG, Hennigsdorf/Berlin, Germany) in 

the core laboratory at the biochemistry 

laboratory in Cho Ray hospital. This automated 

assay is based on the sandwich chemi-

luminescence assays. Performance of MR-

proANP in this laboratory included a limit of 

quan�ta�on of 4.5 pmol/L , within-run 

imprecision coefficient of varia�on (CV) of 1.2% 

and total imprecision (CV) of 5.4% [5].

2.4. Sta�s�cal analysis 
Values are expressed as means and standard 

devia�ons, medians and interquar�le ranges 

(IQRs), or counts and percentages as app-

ropriate. Diagnos�c groups were compared 

with independent-samples t-tests and chi-

square tests as appropriate. All other analyses 

are exploratory and u�lized a p value of 0.05 for 

significance. The secondary analyses u�lized 

logis�c and Cox regressions, and survival curves 

p lo�ed by the Kap lan-Meier  method. 

Addi�onal methods included receiver-

opera�ng characteris�c (ROC) curves and 

Spearman rank-order correla�on.

2.5. Prognos�c value of mid-regional pro-

atrial natriure�c pep�de in prognosis in acute 

dysponea
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Time-dependent AUC analyses were per-

formed to assess the ability of MR-proANP to 

discriminate mortality at 30 days a�er 

admission. From the ROC curves, op�mal cut-

points for prognosis were iden�fied, and used 

to examine the prognos�c value of MR-proANP 

at 30 days. This biomarker was added to mul�-
variate Cox propor�onal hazards models 

containing covariates already known to 

predict death. Hazard ra�o (HR) and 95% CI 

were generated. In these analyses, MR-

p ro A N P w a s e n t e re d a s d i c h o t o m o u s 

variables, using the ROC-op�mal value for 

each; in order to evaluate the individual 

value of the novel marker for prognosis. 

Kaplan-Meier curves for survival at 30 days 

was constructed and compared using the 

log-rank test.

All p-value are two-sided, with a value < 0.05 

considered significant.

3. RESULTS 
3.1. Pa�ents general characteris�cs
The baseline characteris�cs of age, gender 

between the heart failure and pneumonia 

groups are demonstrated in Table 1.

There are no sta�s�cally significant differences 

between the two groups for age, human sex 

ra�o (p > 0.05).

3.2. MR-proANP in acutely decompensated 

heart failure (ADHF) diagnosis
For the diagnosis of ADHF, MR-proANP 

had an AUC of 0.93 (95% CI = 0.895-0.969; 

p < 0.001).

Table 1. The distribu�on of age, gender between AHF and pneumonia groups

Table 2. The cut-points of MR-proANP in diagnosis heart failure and pneumonia

MR-proANP  (pmol/L) Sensi�vity Specificity Jouden index 

149 93% 83.8% 0.768 

150 93% 84.2% 0.77 

153 93% 85% 0.78 

156 92.3% 85% 0.773 

157.5 91.7% 85% 0.767 

Comment: Highest Jouden index 0.78 at the level MR-proANP 153 pmol/L.

 
AHF

 
(n

 
=

 
155)

 

Pneumonia
 

(n
 
= 75)

 
p

 

Age
 

64.1 ± 16
 

66.7 ± 16
 

0.166
 

Sex 

Female (55.5%) Female (46.7%) 
0.052 

Male (44.6%) Male (53.3%) 
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AUC = 0.93.
 

95%  CI:  0.895 - 0.969. 

p < 0.001 

Figure 1. The ROC curve of MR-proANP in diagnosis ADHF

Pa�ents with a final diagnosis of ADHF

had significantly higher MR-proANP concen-

tra�ons, compared with those without [median 

377 (235 - 493) vs 80 (48 - 111) pmol/L; p < 

0.001]. Addi�onally, worse NYHA symptom 

severity was associated with higher median 

MR-proANP concentra�ons: class II = 240 (53 - 

544) pmol/L, class III = 319 (65 - 938) pmol/L, 

and class IV = 504 (166 - 2477) pmol/L (p < 0.001 

across categories).

EF (%) 
The level of MR-proANP (pmol/L) 

Mean SD Min Max Median 

< 35 (n = 67) 519 325 65 1833 407 

35 - 49 (n = 53) 401 332 86 2477 388 

≥ 50 (n = 35) 264 140 53 594 235 

R - 0.4 

P < 0.001 

Table 3. The level of MR-proANP according to ejec�on frac�on in the heart failure group

Comment: The concentra�on of MR-proANP was associated with lower EF, significantly. 

1 - specificity

Comment: MR-proANP could differen�ate acute dyspnea between heart failure and pneumonia, with 

high AUC 0.93, significantly.
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Comment: Mid-regional pro-atrial natriure�c pep�de (MR-proANP) as prognos�c markers at 30 

days for pa�ents presen�ng with acute dyspnea.

NYHA 
The level of MR-proANP (pmol/L) 

Mean SD Min Max Median 

II (n = 15) 260.5 140.4 52.7 544.2 240.1 

III (n = 94) 339.9 156.3 65.4 937.8 319.1 

IV (n = 46) 639.7 451.2 165.6 2477 504.2 

R 0.42 

P < 0.001 

Table 4. The level of MR-proANP according to NYHA class

 

AUC = 0.83.
 

95% CI = 0.721 -
 

0.931.
 

p < 0.001.
 

 

1 - specificity

Figure 2. The ROC curve of MR-proANP in prognosis death a�er 30 days

Comment: At the level of MR-proANP 392 pmol/L, could prognosis survival status within 30 days in 
hospital, with AUC 0.83.

Table 5. The cut-point of MR-propANP in prognosis death a�er 30 days

MR-proANP (pmol/L) Sensi�vity Specificity 

392 82% 72% 
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4. DISCUSSION
In the present study, we found MR-proANP to be 

accurate for the iden�fica�on or exclusion of acute 

heart failure in dyspneic pa�ents, had an AUC 0.93. 

MR-proANP at the level of 153 pmol/L showed 

high sensi�vity (93%), but lower specificity. 

The cut-point in this study is higher than the 
BACH trial because of the following reasons: first 

of all, we just chose two groups of common 
dyspneic pa�ents in ED, namely acute heart 
fa i lure  and  pneumonia;  secondly,  the 
inflammatory factors had also up-regulated on 
MR-proANP concentra�on. In addi�on, we 
revealed that the concentra�on of MR-proANP 
had posi�ve correla�on with the severity of 
heart failure. This means the more significant 
heart failure is, the higher level of MR-proANP is.

Table 6. The level of MR-proANP in two groups

Comment: There were 11 deaths within 30 days (death rate 4.8%). Survivors had a median MR-proANP 
of 242 pmol/L (IQR 103 to 408 pmol/L) and nonsurvivors, 513 pmol/L (IQR 392 to 988 pmol/L, p < 0.0001).

Table 7. Univariable and mul�variable Cox propor�onal hazards analysis for 30 days survival for 
several factors

Variable Chi square HR (90% CI) p (univariable) p (mul�variable) 

Age > 60 4.2 3.35 (0.98 - 11.5) 0.054 # 

Female 1.2 1.97 (0.58 - 6.73) 0.279 # 

EF < 30% 6.35 2.47 (1.15 - 5.3) 0.021 0.372 

MR-proANP > 392 pmol/L 14.6 10.87 (2.35 - 50.3) < 0.001 0.019 

NYHA IV
 

4,632
 

1.5 (1.01 -
 
2.23)

 
0.043

 
0.796

 

MR-proANP  
Survivors (n = 219) Nonsurvivors (n = 11) p 

296 ± 255 764 ± 649 

< 0.001 
Ln MR-proANP  5.5 6.4 

Median  242 513 

Percen�le  25 -  75  103 - 408 392 - 988 

 Time (days)
 Figure 3. Kaplan-Meier survival curves by level of MR-proANP

0.0

0.2

0.4

0.6

0.8

1.0

MR-proANP >= 392 pmol/L 

MR-proANP < 392 pmol/L 
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MR-proANP trong chẩn đoán và �ên lượng bệnh nhân 
khó thở cấp do suy �m và viêm phổi

*Nguyễn Chí Thanh , Vũ Hồng Hải, Nguyễn Văn Trung, Lê Phan Vi Na, 
Nguyễn Ngọc Minh Thư, Thân Thị Tuyết Trinh, Nguyễn Thị Bảo Minh,

 Huỳnh Quốc Tải, Đặng Quý Đức, Trần Quốc Khải

TÓM TẮT
Mục �êu của nghiên cứu này là đánh giá giá trị chẩn đoán và �ên lượng của dấu ấn sinh học MR-proANP 
trên bệnh nhân khó thở cấp tại khoa cấp cứu. Phương pháp nghiên cứu: �ến cứu, chọn liên �ếp các bệnh 
nhân khó thở cấp tại khoa cấp cứu và theo dõi 30 ngày. Thực hiện xét nghiệm MR-proANP trên các đối 
tượng này để đánh giá khả năng chẩn đoán suy �m cấp và �ên lượng sống còn. Kết quả: có 230 bệnh 
nhân, trong số này suy �m cấp chiếm tỷ lệ 67.4%; viêm phổi 32.6%; với 4.7% bệnh nhân tử vong trong 30 
ngày. Nồng độ MR-proANP ở nhóm suy �m cấp cao nhất, MR-proANP có tương quan thuận với mức độ 
suy �m theo NYHA. MR-proANP có giá trị tốt trong chẩn đoán khó thở do suy �m cấp với AUC = 0.83. Tại 
điểm cắt 153 pmol/L với độ nhạy, độ đặc hiệu là 93% và 85%, giá trị �ên đoán dương 93%, giá trị �ên 
đoán âm 86.5%. Ngoài ra, MR-proANP có khả năng dự báo khả năng sống còn của bệnh nhân trong 30 
ngày theo dõi. MR-proANP là yếu tố nguy cơ độc lập trong dự báo khả năng tử vong của nhóm bệnh 
nhân này với HR = 10.87. Kết luận: MR-proANP không chỉ có khả năng chẩn đoán nguyên nhân khó thở 
cấp do suy �m mà còn có thể �ên lượng được khả năng sống còn trên những đối tượng này.

Từ khóa: chẩn đoán, �ên lượng, MR-proANP, suy �m cấp, viêm phổi
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