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Abstract. – OBJECTIVE: Acute heart failure 
is a syndrome defined as the new onset de no-
vo heart failure or worsening [acutely decom-
pensated heart failure (ADHF)] leading to symp-
toms and signs of HF, mostly related to system-
ic congestion as based on the European Society 
of Cardiology (ESC) definition. India has a huge 
burden of heart failure patients. Several factors 
have been identified as precipitating acute HF 
hospitalizations. These include myocardial isch-
emia, no adherence to medications, arrhythmias, 
infection, uncontrolled hypertension (HTN), ane-
mia, renal impairment, and diet. However, there is 
a dearth of studies assessing their effect on mor-
tality in patients admitted with acute heart failure. 
Many previous studies have shown that BNP and 
NT-pro-BNP are independent predictors of mor-
tality and other cardiac outcomes in patients with 
heart failure (HF) and ADHF. However, no studies 
have provided any clear direction with respect to 
the critical cut-off values that suggest high mor-
tality. Comprehensive knowledge of the correla-
tion of Pro-BNP and precipitating factors of heart 
failure with mortality can help in prognostication 
and clinical management of AHF patients.

PATIENTS AND METHODS: This was a pro-
spective observational cross-sectional study 
conducted in the Emergency Department of the 
Postgraduate Institute of Medical Education and 
Research, Chandigarh which is a teaching and 
research hospital located in North India. Patients 
were enrolled from 1st August 2021 to 28th Febru-
ary 2022. Patients who met inclusion criteria were 
enrolled; they were followed for 5 days. After 5 
days outcomes were recorded. Various precipi-
tating factors for hospitalization were identified 
and their clinical impact on mortality was noted. 
Pro-BNP values were obtained at admission and 
their correlation with mortality and patient out-
come after 5 days was noted. Values of Pro-BNP 

were compared among those who survived after 
5 days vs. those who had fatal outcomes.

RESULTS: The most common precipitating fac-
tor for AHF was poor medical compliance which 
did not affect mortality. It was followed by sepsis 
which significantly increases mortality in patients 
of AHF. ACS was also an important precipitating 
factor for AHF, though it had no effect on mor-
tality. The mortality in the group of patients with 
very high Pro-BNP levels ≥ 2000 pg/ml was sig-
nificantly higher than in the group of patients who 
had moderately elevated Pro-BNP < 2000 pg/ml. 
The median value of Pro-BNP was significantly 
higher in patients who had fatal outcomes [3670 
(IQR- 2745 to 3980)] as compared to patients who 
survived after 5 days of hospitalization [1340 
(IQR- 987 to 1670)].

CONCLUSIONS: Poor compliance with med-
ications and sepsis are the most common pre-
cipitating factors for acute heart failure in north 
Indian patients. Sepsis as a precipitating factor 
is a significant risk factor for in-hospital mortality 
in acute heart failure patients presenting to the 
emergency department. Pro-BNP values above 
2000 pg/ml in patients with acute heart failure 
requiring emergency admission are associated 
with a poor prognosis.

Key Words:
Acute coronary syndrome, Heart failure with reduced 

ejection fraction, Heart failure with preserved ejection 
fraction, Myocardial infarction, Acute heart failure, B-type 
natriuretic peptide.

Abbreviations

ACS-Acute coronary syndrome, HFrEF-Heart failure 
with reduced ejection fraction, HFpEF-Heart failure 
with preserved ejection fraction, AF-Atrial fibrillation, 

European Review for Medical and Pharmacological Sciences 2022; 26: 6459-6468

Corresponding Author: Saurabh C Sharda, MD; e-mail: saurabhcsharda@gmail.com

M.S. BHATIA1, S.C. SHARDA1, R. ATTRI2, A.K. PANNU1, N. DAHIYA3

1Department of Internal Medicine, Postgraduate Institute of Medical Education and Research 
(P.G.I.M.E.R.), Chandigarh, India

2Department of General Medicine, Dr. B.R. Ambedkar State Institute of Medical Sciences, Mohali, 
Punjab, India

3Department of Cardiology, Postgraduate Institute of Medical Education and Research (P.G.I.M.E.R.), 
Chandigarh, India

Correlation of mortality with Pro-BNP 
and precipitating factors of acute heart failure 
in patients presenting to a medical emergency 
of tertiary care hospital: an observational study 
from north India



M.S. Bhatia, S.C. Sharda, R. Attri, A.K. Pannu, N. Dahiya

6460
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Introduction

Heart failure is a complex clinical syndrome 
that results from the structural or functional im-
pairment of ventricular filling or ejection of blood, 
which in turn leads to the cardinal clinical symp-
toms of dyspnoea and fatigue and signs of heart 
failure namely edema and rales. Acute heart failure 
is a syndrome defined as the new onset [de novo 
heart failure] or worsening [acutely decompensat-
ed heart failure (ADHF)] leading to symptoms and 
signs of HF, mostly related to systemic congestion 
as based on the European Society of Cardiology 
(ESC) definition1. Heart failure (HF) is a global 
pandemic affecting an estimated 26 million people 
worldwide and resulting in significant mortality, 
morbidity, and cost of care2,3. India has a huge bur-
den of heart failure patients. An Indian study done 
in 2016 showed prevalence of heart failure was 1.2 
per 1000 population which means around 10 mil-
lion patients suffered from HF4. Despite the recent 
advance in the management of heart failure, symp-
tomatic heart failure still carries a poor prognosis. 
In-hospital mortality estimates for AHF range from 
4-6% in the US and up to 9% in the UK5,6. Several 
factors have been identified as precipitating acute 
HF hospitalizations7-9. These include myocardial 
ischemia, poor adherence to medications, arrhyth-
mias, infection, uncontrolled hypertension (HTN), 
anemia, renal impairment, and diet10,11. However, 
there is a dearth of studies assessing their effect 
on mortality in patients admitted with acute heart 
failure. Many previous studies have shown that 
BNP and NT-pro-BNP are independent predictors 
of mortality and other cardiac outcomes in patients 
with heart failure (HF) and ADHF12-16. However, 
no studies have provided any clear direction with 
regards what are the critical cut-off values that 
suggest high mortality. Moreover, no studies from 
the Indian subcontinent looked at the correlation of 
Pro-BNP and precipitating factors of heart failure 
with mortality. Comprehensive knowledge of the 
correlation of Pro-BNP and precipitating factors of 
heart failure with mortality can help in prognosti-
cation and clinical management of AHF patients.

The primary objective is to study the correla-
tion of pro BNP value with mortality in acute 
heart failure patients. The secondary objective is 
to study the prevalence of various precipitating 

factors for hospitalization with acute heart failure 
in the north Indian population and their clinical 
impact on mortality.

Patients and Methods

Study Design & Setting
This was a prospective observational cross-sec-

tional study conducted in the Emergency De-
partment and emergency medical ward of the 
Postgraduate Institute of Medical Education and 
Research, Chandigarh which is a teaching and 
research hospital located in North India. Patients 
were enrolled from 1st August 2021 to 28th Febru-
ary 2022. The data from the observation file of pa-
tients in the Emergency Department was recorded 
and analysed. 

Outcomes
The patients were monitored for 5 days after 

receiving standard medical care. After 5 days the 
outcome of patients was evaluated as:

A) Identification of various precipitating factors 
for hospitalization with heart failure and their clin-
ical impact on in-hospital mortality within 5 days 
of their hospitalization. 

B) To study the relationship of Pro-BNP values 
in patients of AHF on in-hospital mortality within 
5 days of their hospitalization.

Inclusion Criteria
All patients admitted to the Emergency Depart-

ment who were aged ≥ 18 and were diagnosed with 
acute heart failure were enrolled. Acute HF was 
defined as a syndrome with symptoms and signs 
of HF in either the new-onset [de novo heart fail-
ure (HF)] or worsening [acutely decompensated 
heart failure (ADHF)], mostly related to systemic 
congestion as based on the European Society of 
Cardiology (ESC) definition. 

Exclusion Criteria
Patients discharged from the emergency room 

without admission within six hours were exclud-
ed from the study. Patients who did not provide 
informed consent to participate in the study were 
also excluded.

Sample Size Calculation
Sample size was calculated using Kelsey meth-

od for 95% two-sided confidence interval and 80% 
power with expected mortality of 25% in the very 
high pro-BNP group [> 2000] and 5% in the mod-
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erately high NT pro-BNP group [≤ 2000]; and, 
ratio of patients in moderately high NT pro-BNP 
group to very high pro-BNP group of 4:1. The re-
quired sample size was 200, with 40 patients in 
very high NT pro-BNP group and 160 patients in 
the moderately high NT pro-BNP group. 

Data Collection
200 adult patients who presented to medical 

emergency from 1st August 2021 to 28th Febru-
ary 2022 who meet our inclusion criteria were 
enrolled in this study. Acute heart failure was 
broadly defined as a rapid onset of new or wors-
ening signs and symptoms of HF. All the patients 
were asked about their detailed medical history, 
particularly regarding the previous CAD, DCMP, 
HF, arrhythmias; any new medication recently 
started was also noted, if they were on any pre-
vious treatment, their compliance was enquired. 
Details regarding diet or any recent changes in the 
diet were enquired. Any recent history of fever 
or history suggestive of infection was noted. Any 
history suggestive of recent worsening of angina 
or new-onset angina was noted. Any history sug-
gestive of arrhythmias like palpitations or missed 
beats was also noted. All patients enrolled were 
screened for Acute Coronary syndrome. Tropo-
nin T levels were measured in all patients. All 
patients were subjected to 2D Echocardiography 
to assess LV systolic function and look for val-
vular regurgitation.  Pro-BNP levels at the time 
of admission were measured in all patients. A 
screen for any occult infection procalcitonin was 
measured in all the patients. They underwent all 
basic routine investigations like kidney function, 
liver function tests, and complete hemogram. 
They were given standard treatment. No form 
of treatment was denied to any patient. Patients 
were followed for 5 days. After 5 days outcomes 
were recorded. Various precipitating factors for 
hospitalization were identified and their clinical 
impact on mortality was noted. Pro-BNP values 
were obtained at admission and their correlation 
with mortality and patient outcome after 5 days 
was noted. Values of Pro-BNP were compared 
among those who survived after 5 days vs. those 
who had fatal outcomes.

Statistical Analysis
The prevalence of various precipitating factors 

in including participants with acute failure was re-
ported. The group of patients with AHF who died 
within 5 days of hospitalization were compared 
with patients who had good outcomes with respect 

to precipitating factors and Pro-BNP. Categorical 
variables were compared using the chi-squared 
test and Fisher exact test. Continuous variables 
were compared using the Mann-Whitney U test. 
p-value <0.05 was considered significant. We also 
pre-specified that included participants with AHF 
would be categorized into moderately elevated 
group Pro-BNP (≤2000) and very high Pro-BNP 
values group (>2000). The mortality in moderately 
elevated group Pro-BNP was compared with very 
high Pro-BNP values group.

Ethical Considerations
Ethics approval was given by the indepen-

dent Institute Ethics Committee of Postgradu-
ate Institute of Medical Education and Research 
(PGIMER), Chandigarh (Ref. No.- NK/7678/
Study/588). Consent to participate in the study was 
taken from all patients. 

Results

Participants
200 patients who presented with acute heart 

failure to a medical emergency during the study 
period were enrolled in the study. As shown in 
Figure 1, out of total 200 patients 59.5% (n=119) 
were males and 40.5% (n=81) were females. The 
mean age for males was 57.782 with (SD -13.56), 
the mean age for females was 57.691 with (SD-
14.953).

Baseline Cardiac Illness
As depicted in Figure 2, out of 200 patients 

84% (n=168) had HFrEF (left ventricular ejection 
fraction is 50% or less) and 16% (n=32) had HF-
pEF (left ventricular ejection fraction ≥50 percent). 
Valvular heart disease was present in 30% (n=60) 
and absent in 70% (n=140). The mortality in pa-
tients with HFrEF (21 deaths out of 168) did not 
differ significantly from HFpEF (2 deaths out of 
32) fisher exact test odds ratio of 2.136, 95% CI 
(0.479 to 19.768), and p=0.544. Deaths in patients 
with acute heart failure with valvular heart disease 
were significantly higher (14 deaths out of 60 pa-
tients) as compared to patients who did not have 
valvular heart disease (9 deaths out of 140) (X2 
=11.793, p<0.001).

Comorbidities
The most common comorbidity found in the 

study was diabetes. As depicted in Figure 3, it was 
present in 76% (n=153) of the patients’ the majority 
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of the 72.5% (145) had poorly controlled glycaemic 
status. Diabetes was absent in 23% (47) of patients 
only. The mortality was significantly higher in pa-
tients with diabetes 8.5% (n=17) as compared to 
non-diabetic patients where mortality was 2.5% 
(n=5).

Precipitating Factors
Anaemia was noted as one of the precipitating 

factors for acute heart failure in the study. It was 
present in 7.5% (n=15) patients only. There was no 
difference in mortality in patients who had anemia 
(1 death out of 15) as compared to those who did 

Figure 1. Age group and sex of the patients with AHF in relation to patient outcomes on day 5 of hospitalization. 

Figure 2. The relationship between left ventricular ejection fraction and valvular abnormalities with mortality in patients with AHF.
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not have anemia (22 deaths out of 185) fishers exact 
test odds ratio was 1.885, 95% CI (0.261 to 83.457), 
p=1.00 which was not significant. Sepsis in the study 
was defined as the combination of 3 parameters i.e. 
presence of fever, TLC count more than 11,000, and 
procalcitonin value more than 0.5 ng/ml. Sepsis was 
one of the most common precipitating factors for 
acute heart failure in the study as depicted in Figure 

4, and it was present in 41% (n=81) patients. The 
mortality was higher in patients with acute heart 
failure who had sepsis as precipitating factor (16 
deaths out of 82) as compared to those who did not 
have sepsis as precipitating factor (7 deaths out of 
118 patients), X2=8.766, df=1, p=0.003 which was 
significant. Poor medical compliance to treatment 
was the most frequent precipitating factor for acute 

Figure 3. The relationship between diabetes and mortality in patients hospitalized with acute heart failure.

Figure 4. The relationship between sepsis and mortality in patients hospitalized with acute heart failure.
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heart failure which was encountered in our study. 
It was present in 75.5% (n=151) of patients. Poor 
medical compliance did not affect the mortality of 
patients with acute heart failure (20 deaths out of 
150) as compared to patients who had good com-
pliance to treatment (3 deaths out of 48), X2=1.844, 
df=1, p=0.174 which was statistically not significant. 
Arrhythmias as precipitant were present in 36% 
(n=72). Atrial fibrillation was the most common 
tachyarrhythmia noted in the study it was present in 
32.5% (n=65) patients. A small number of patients 
3.5% (n=7) had bradyarrhythmia. Acute coronary 
syndrome as the precipitating factor for acute heart 
failure was defined based on ECG changes and car-
diac troponin values. As depicted in Figure 5, T 
wave depression along with ST changes were pres-
ent in 59.5% (n=119) and ST-elevation was present 
in 14% (n=28) patients, 26.5% (n=53) patients have 
no ischemic changes on ECG. Troponin T was pos-
itive in 44.5% (n=89) patients.ST-elevation MI was 
present in13% (n=26) patients whereas NSTEMI 
was present in 31.5% (n=63) patients. There was 
no difference in mortality among patients who had 
ACS (11 deaths out of 89) as compared to those who 
did not have ACS as precipitating factor (12 deaths 
out of 111), X2=0.116, df=1, p=0.733 which was not 
significant statistically.

Pro-BNP Values
As depicted in Figure 6 the mortality in the 

group of patients with very high Pro-BNP levels ≥ 

2000 pg/ml (21 deaths out of 48) was significantly 
higher than the group of patients who had moder-
ately elevated Pro-BNP <2000 pg/ml (2 deaths out 
of 152), X2=64.543, df=1, p<0.001 which is statis-
tically significant. The median value of Pro-BNP 
was significantly higher in patients who had fatal 
outcomes 3670 (IQR- 2745 to 3980) as compared 
to patients who survived after 5 days of hospital-
ization. Their median value was 1340 (IQR- 987 
to 1670). Mann Whitney U=272.5, p<0.001 which 
was statistically significant.

Discussion

This study highlights the importance of Pro-
BNP values and various precipitating factors of 
acute heart failure in patients presenting to a 
medical emergency and their relationship with 
mortality. The mean age of patients in our study 
was 57.745 (SD-14.104) whereas a similar study 
carried out in Israel had a mean age of 70 ± 
10 suggesting that Indian patients may develop 
acute failure at least one decade earlier com-
pared to the western population17. The majori-
ty of the patients in our study had 84% HFrEF 
and 16% had HFpEF. An earlier study estimated 
that as many as 40 to 60% of patients with HF 
have HFpEF as defined by a normal LVEF18. In 
contrast, our study had a higher prevalence of 
HFrEF as compared to HFpEF. The reason we 

Figure 5. The relationship between acute coronary syndrome and mortality in patients hospitalized with acute heart failure.
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found higher patients in HFrEF in our study was 
due to the fact that the HFrEF is more commonly 
present as AHF in comparison to HFpEF which 
has more or less subacute presentations. In our 
study mortality of patients with HFrEF was 
similar to patients who had HFpEF. Our results 
did not match with previous studies where the 
risk of death from any cause was lower than in 
HFpEF as compared to HFrEF19. Valvular heart 
disease and heart failure frequently coexist. In 
our study valvular heart disease was present in 
30% of patients which was significantly higher 
compared to the western population; according 
to the study it was 14%. The high incidence of 
valvular heart disease in the Indian subcontinent 
might be due to the high burden of rheumatic 
heart disease. Mortality in patients with acute 
failure with valvular heart disease was signifi-
cantly high as compared to those who didn’t 
have valvular heart disease. This is probably 
because a very little number patients opt for 
valve replacement due to the high cost involved 
and lack of availability of surgical centres that 
are doing valve replacement. Diabetes and heart 
failure often occur concomitantly, and each dis-
ease independently increases the risk for the oth-
er. In HF cohorts, including both HFrEF and 
HFpEF, the prevalence of DM ranges from 10% 
to 47%20-22. In our study diabetes was present in 
76% of patients. These high numbers of diabe-

tes are explained by the simple fact that India 
has a very high prevalence (8.9%) of diabetes 
and an estimated 77 million patients with dia-
betes live in India. The prevalence of anemia in 
patients with HF is ≈30% in stable and ≈50% 
in hospitalized patients, regardless of whether 
patients have HFrEF or HFpEF23. Anaemia is in-
dependently associated with increased mortality 
and hospitalizations in patients with both HFrEF 
and HFpEF24,25. Paradoxically, anemia was pres-
ent in only 7.5% of patients with AHF in our 
study and was not associated with increased 
mortality. The probable reason for this is that 
anemia is a correctable precipitating factor. Sep-
sis was one of the most common precipitating 
factors for acute heart failure and was present 
in 41% of patients. The mortality was higher in 
patients with acute heart failure who had sepsis 
as precipitating factor. Our results are similar 
to another study which has shown sepsis is a 
common driver of hospitalization in HFrEF and 
often presents without classical signs. It is as-
sociated with high mortality rates, comparable 
to decompensated HF, and a major burden of 
rehospitalization caused by recurrent episodes 
of infection26. Poor medical compliance to treat-
ment was the most frequent precipitating factor 
for acute heart failure which was encountered 
in our study. It was present in 75.5% of patients. 
Our results were different from a study done 

Figure 6. Boxplot of serum Pro-BNP concentrations in pg/ml in relation to patient outcomes at 5 days of hospitalization.
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in Israel where non-compliance to treatment 
was present in only 17% of patients. Our study 
highlights that non-compliance to treatment is 
much more prevalent in India as compared to 
the western population. Fortunately, poor med-
ical compliance did not affect the mortality of 
patients with acute heart failure as compared to 
patients who had good compliance to treatment. 
Atrial fibrillation was the most common tach-
yarrhythmia noted in our study (32.5% of pa-
tients). Atrial fibrillation (AF) and heart failure 
have emerged as new cardiovascular epidemics 
over the last decade. The reported prevalence of 
AF in modern heart failure series ranges from 
13% to 27%27-29. Acute coronary syndrome as 
precipitating factor was present in 44.5% of pa-
tients. ST-elevation MI was present in 13% of 
patients whereas NSTEMI was present in 31.5% 
of patients. There was no difference in mortal-
ity among patients who had ACS as compared 
to those who did not have ACS as precipitating 
factor. Our results were similar to another study 
done in Israel in which an acute ischemic pre-
cipitant was identified in (46%) of individuals. 
The majority of patients with an ischemic pre-
cipitant had a non-ST elevation MI, only (15%) 
had a STEMI17. Previous studies have shown that 
Pro-BNP is an independent predictor of mortal-
ity and other cardiac outcomes in patients with 
heart failure (HF)30-33. In our study, the mortality 
in the group of patients with very high Pro-BNP 
levels >2000 pg/ml was significantly higher than 
in the group of patients who had moderately ele-
vated Pro-BNP <2000 pg/ml. The median value 
of Pro-BNP was significantly higher in patients 
who had fatal outcomes 3670 (IQR- 2745 to 
3980) as compared to patients who survived af-
ter 5 days of hospitalization; their median value 
was 1340 (IQR- 987 to 1670) suggesting that val-
ues of Pro-BNP above 2000 pg/ml are associated 
with poor prognosis.

Strengths of the Study
This study was done in the Emergency Depart-

ment of an academic tertiary care hospital in north 
India in which patients of different age groups 
were enrolled.

Limitations of the Study
This was a single-centre study and all the pa-

tients were enrolled from emergency only and no 
patient was enrolled from Out-Patient Department 
(OPD), where relatively stable patients receive 
treatment and follow-up.

Conclusions

Poor compliance with medications and sepsis 
are the most common precipitating factors for 
acute heart failure in north Indian patients. Sepsis 
as a precipitating factor is a significant risk factor 
for in-hospital mortality in acute heart failure pa-
tients presenting to the Emergency Department. 
Pro-BNP values above 2000 pg/ml in patients with 
acute heart failure requiring emergency admission 
are associated with a poor prognosis.

Conflict of Interest
The Authors declare that they have no conflict of interests.

Acknowledgments
We acknowledge Professor Sanjay Jain and Professor 
Navneet Sharma for their guidance and support.

Informed Consent
Patients gave written informed consent for participation in 
the study.

Authors’ Contribution
MSB proposed the idea of the study. MSB and ND collect-
ed the data. SCS did the statistical analysis. MSB and RA 
drafted the manuscript; SCS and AKP contributed substan-
tially to its revision. All authors have read and approved the 
manuscript.

Funding
None.

ORCID ID
M.S. Bhatia- https://orcid.org/ 0000-0002-6286-1231
S.C. Sharda- https://orcid.org/0000-0001-7039-0276
R. Attri- https://orcid.org/0000-0003-3445-859X
A.K. Pannu- https://orcid.org/0000-0002-4476-3478
N. Dahiya- https://orcid.org/0000-0002-1534-6923

Ethics Approval
Study was approved by the Institute Ethics Committee, 
Postgraduate Institute of Medical Education and Research 
(PGIMER), Chandigarh (Ref. No.- NK/7678/Study/588).

References

  1)	 Searle J, Frick J, Möckel M. Acute heart failure 
facts and numbers: acute heart failure populations. 
ESC Heart Fail 2016; 3: 65-70.



Correlation of mortality with Pro-BNP and precipitating factors of acute heart failure in patients  

6467

  2)	 Ambrosy AP, Fonarow GC, Butler J, Chioncel 
O, Greene SJ, Vaduganathan M, Nodari S, Lam 
CSP, Sato N, Shah AN, Gheorghiade M. The 
global health and economic burden of hospital-
izations for heart failure: lessons learned from 
hospitalized heart failure registries. J Am Coll 
Cardiol 2014; 63: 1123-1133.

  3)	 Gerber Y, Weston SA, Redfield MM, Chamberlain 
AM, Manemann SM, Jiang R, Killian JM, Roger 
VL. A contemporary appraisal of the heart failure 
epidemic in Olmsted County, Minnesota, 2000 to 
2010. JAMA Intern Med 2015; 175: 996-1004.

  4)	 Chaturvedi V, Parakh N, Seth S, Bhargava B, Ra-
makrishnan S, Roy A, Saxena A, Gupta N, Mis-
ra P, Rai S, Krishnan A, Pandav CS, Sharma R, 
Prasad S. Heart failure in India: the INDUS (IN-
Dia ukieri study) study. J Practice Cardiovasc Sci 
2016; 2: 28-35.

  5)	 Adams KF Jr, Fonarow GC, Emerman CL, Le-
Jemtel TH, Costanzo MR, Abraham WT, Berkow-
itz RL, Galvao M, Horton DP; ADHERE Scientif-
ic Advisory Committee and Investigators. Char-
acteristics and outcomes of patients hospital-
ized for heart failure in the United States: ratio-
nale, design, and preliminary observations from 
the first 100,000 cases in the Acute Decompen-
sated Heart Failure National Registry (ADHERE). 
Am Heart J 2005; 149: 209-16.

  6)	 Desai NR, Ross JS, Kwon JY, Herrin J, Dharma-
rajan K, Bernheim SM, Krumholz HM, Horwitz LI. 
Association Between Hospital Penalty Status Un-
der the Hospital Readmission Reduction Program 
and Readmission Rates for Target and Nontarget 
Conditions. JAMA 2016; 316: 2647-2656.

  7)	 Arrigo M, Gayat E, Parenica J, Ishihara S, Zhang J, 
Choi DJ, Park JJ, Alhabib KF, Sato N, Miro O, Mag-
gioni AP, Zhang Y, Spinar J, Cohen-Solal A, Iwashy-
na TJ, Mebazaa A; GREAT Network. Precipitating 
factors and 90-day outcome of acute heart failure: a 
report from the intercontinental GREAT registry. Eur 
J Heart Fail 2017; 19: 201-208.

  8)	 Arrigo M, Tolppanen H, Sadoune M, Feliot E, 
Teixeira A, Laribi S, Plaisance P, Nouira S, Yil-
maz MB, Gayat E, Mebazaa A; GREAT Network. 
Effect of precipitating factors of acute heart fail-
ure on readmission and long-term mortality. ESC 
Heart Fail 2016; 3: 115-121.

  9)	 Berkovitch A, Maor E, Sabbag A, Chernomor-
dik F, Elis A, Arbel Y, Goldenberg I, Grossman 
E, Klempfner R. Precipitating Factors for Acute 
Heart Failure Hospitalization and Long-Term Sur-
vival. Medicine (Baltimore) 2015; 94: e2330. 

10)	 Miró Ò, Aguirre A, Herrero P, Jacob J, Martín-Sán-
chez FJ, Llorens P; en nombre del grupo ICA-SE-
MES. Estudio PAPRICA-2: papel del factor pre-
cipitante del episodio de insuficiencia cardia-
ca aguda en el pronóstico a medio plazo [PA-
PRICA-2 study: Role of precipitating factor of an 
acute heart failure episode on intermediate term 
prognosis]. Med Clin (Barc) 2015; 145: 385-389.

11)	 Aguirre Tejedo A, Miró Ò. Prevalencia de facto-
res precipitantes de insuficiencia cardiaca aguda 

y su impacto pronóstico: una revisión sistemática 
[Precipitating factors in acute heart failure: a re-
view]. Emergencias 2017; 29: 185-193.

12)	 Worster A, Balion CM, Hill SA, Santaguida P, Is-
maila A, McKelvie R, Reichert SM, McQueen MJ, 
Booker L, Raina PS. Diagnostic accuracy of BNP 
and NT-proBNP in patients presenting to acute 
care settings with dyspnea: A systematic review. 
Clin Biochem 2008; 41: 250-259.

13)	 Kotecha D, Flather MD, Atar D, Collins P, Pepper 
J, Jenkins E, Reid CM, Eccleston D; Alternative 
Risk Markers in Coronary Artery Disease (ARM-
CAD) Study. B-type natriuretic peptide trumps 
other prognostic markers in patients assessed for 
coronary disease. BMC Med 2019; 17: 72.

14)	 Doust JA, Pietrzak E, Dobson A, Glasziou P. How 
well does B-type natriuretic peptide predict death 
and cardiac events in patients with heart failure: 
systematic review. BMJ 2005; 330: 625.

15)	 Vesbianu D, Vesbianu C, Bernstein P, Kouides R. 
Plasma brain natriuretic peptide—an independent 
predictor of mortality and rehospitalization in con-
gestive heart failure ¬– a meta-analysis. World 
Heart J 2008; 1: 349-354.

16)	 Avellino A, Collins SP, Fermann GJ. Risk strati-
fication and short-term prognosis in acute heart 
failure syndromes: a review of novel biomarkers. 
Biomarkers 2011; 16: 379-392.

17)	 Salam A, M, Sulaiman K, Alsheikh-Ali A, A, Singh 
R, AlHabib K, F, Al-Zakwani I, Asaad N, Al-Qa-
htani A, Al-Jarallah M, AlMahmeed W, Bulbanat 
B, Ridha M, Bazargani N, Amin H, Al-Motarreb A, 
Panduranga P, AlFaleh H, Shehab A, Al Suwaidi 
J: Precipitating Factors for Hospitalization with 
Heart Failure: Prevalence and Clinical Impact Ob-
servations from the Gulf CARE (Gulf aCute heArt 
failuRe rEgistry). Med Princ Pract 2020; 29: 270-
278. 

18)	 Dunlay SM, Roger VL, Redfield MM. Epidemiol-
ogy of heart failure with preserved ejection frac-
tion. Nat Rev Cardiol 2017; 14: 591-602.

19)	 Lam CSP, Gamble GD, Ling LH, Sim D, Leong 
KTG, Yeo PSD, Ong HY, Jaufeerally F, Ng TP, 
Cameron VA, Poppe K, Lund M, Devlin G, Trough-
ton R, Richards AM, Doughty RN. Mortality asso-
ciated with heart failure with preserved vs. re-
duced ejection fraction in a prospective interna-
tional multi-ethnic cohort study. Eur Heart J 2018; 
39: 1770-1780.

20)	 From AM, Leibson CL, Bursi F, Redfield MM, 
Weston SA, Jacobsen SJ, Rodeheffer RJ, Rog-
er VL. Diabetes in heart failure: prevalence and 
impact on outcome in the population. Am J Med 
2006; 119: 591-599. 

21)	 Shindler DM, Kostis JB, Yusuf S, Quinones MA, 
Pitt B, Stewart D, Pinkett T, Ghali JK, Wilson AC. 
Diabetes mellitus, a predictor of morbidity and 
mortality in the Studies of Left Ventricular Dys-
function (SOLVD) trials and registry. Am J Cardi-
ol 1996; 77: 1017-1020. 

22)	 Cleland JG, Swedberg K, Follath F, Komajda M, 
Cohen-Solal A, Aguilar JC, Dietz R, Gavazzi A, 



M.S. Bhatia, S.C. Sharda, R. Attri, A.K. Pannu, N. Dahiya

6468

Hobbs R, Korewicki J, Madeira HC, Moiseyev VS, 
Preda I, van Gilst WH, Widimsky J, Freemantle 
N, Eastaugh J, Mason J; Study Group on Diagno-
sis of the Working Group on Heart Failure of the 
European Society of Cardiology. The EuroHeart 
Failure survey programme: a survey on the quali-
ty of care among patients with heart failure in Eu-
rope, part 1: patient characteristics and diagno-
sis. Eur Heart J 2003; 24: 442-463. 

23)	 Anand IS, Gupta P. Anemia and Iron Deficiency 
in Heart Failure: Current Concepts and Emerging 
Therapies. Circulation 2018; 138: 80-98.

24)	 Tang YD, Katz SD. The prevalence of anemia in 
chronic heart failure and its impact on the clinical 
outcomes. Heart Fail Rev 2008; 13: 387-392.

25)	 Go AS, Yang J, Ackerson LM, Lepper K, Rob-
bins S, Massie BM, Shlipak MG. Hemoglobin lev-
el, chronic kidney disease, and the risks of death 
and hospitalization in adults with chronic heart 
failure: the Anemia in Chronic Heart Failure: 
Outcomes and Resource Utilization (ANCHOR) 
Study. Circulation 2006; 113: 2713-2723.

26)	 Drozd M, Garland E, Walker AMN, Slater TA, 
Koshy A, Straw S, Gierula J, Paton M, Lowry J, 
Sapsford R, Witte KK, Kearney MT, Cubbon RM. 
Infection-Related Hospitalization in Heart Failure 
With Reduced Ejection Fraction: A Prospective 
Observational Cohort Study. Circ Heart Fail 2020; 
13: e006746.

27)	 Middlekauff HR, Stevenson WG, Stevenson LW. 
Prognostic significance of atrial fibrillation in ad-
vanced heart failure: a study of 390 patients. Cir-
culation 1991; 84: 40-48.

28)	 Carson PE, Johnson GR, Dunkman WB, Fletch-
er RD, Farrell L, Cohn JN. The influence of atrial 
fibrillation on prognosis in mild to moderate heart 
failure: the V-HeFT Studies: the V-HeFT VA Co-
operative Studies Group. Circulation 1993; 87: 
102-110.

29)	 Mahoney P, Kimmel S, DeNofrio D, Wahl P, Loh 
E. Prognostic significance of atrial fibrillation in 
patients at a tertiary medical center referred for 
heart transplantation because of severe heart 
failure. Am J Cardiol 1999; 83: 1544-1547. 

30)	 Balion CM, McKelvie R, Reichert SM, Santagui-
da P, Booker L, Worster A, Raina PS, McQueen 
MJ, Hill SA. Monitoring the response to pharma-
cologic therapies in patients with stable chronic 
heart failure: Is BNP or NT-proBNP a useful as-
sessment tool? Clin Biochem 2008; 41: 266-276.

31)	 Di Angelantonio E, Chowdhury R, Sarwar N, Ray 
KK, Gobin R, Saleheen D, Thompson A, Gudna-
son V, Sattar N, Danesh J. B-type natriuretic pep-
tides and cardiovascular risk. Systematic Review 
and Meta-Analysis of 40 Prospective Studies. Cir-
culation 2009; 120: 2177-2187.

32)	 Vesbianu D, Vesbianu C, Bernstein P, Kouides 
R. Plasma brain natriuretic peptide—an indepen-
dent predictor of mortality and rehospitalization in 
congestive heart failure—a meta-analysis. World 
Heart J 2008; 1: 349-354.

33)	 Oremus M, Raina PS, Santaguida P, Balion CM, 
McQueen MJ, McKelvie R, Worster A, Booker L, 
Hill SA. A systematic review of BNP as a predic-
tor of prognosis in persons with coronary artery 
disease. Clin Biochem 2008; 41: 260-265. 


