
e-ISSN: 0975-9506, p-ISSN: 2961-6093 

Available online on www.ijpqa.com 
 

International Journal of Pharmaceutical Quality Assurance 2025; 16(12); 929-935 

Patel et al.                                                                                        International Journal of Pharmaceutical Quality Assurance 

929 

Original Research Article 

Clinical Predictors of In-Hospital Mortality in Heart Failure: A Retrospec-
tive Study 

Akash Kumar Patel1, Ghanshyam Kumar2, Rajkumar Deepak3, Sumit Kumar4 
1Senior Resident, Department of General Medicine, Government Medical College Hospital, Bettiah, West 

Champaran, Bihar, India 
2Senior Resident, Department of General Medicine, Government Medical College Hospital, Bettiah, West 

Champaran, Bihar, India  
3Assistant professor, Department of General Medicine, Government Medical College Hospital, Bettiah, 

West Champaran, Bihar, India  
4Assistant professor, Department of General Medicine, Government Medical College Hospital, Bettiah, 

West Champaran, Bihar, India 
Received: 10-11-2025 / Revised: 27-11-2025 / Accepted: 20-12-2025 
Corresponding Author: Dr. Ghanshyam Kumar 

Conflict of interest: Nil 
Abstract:  
Background: Heart failure (HF) is a leading cause of hospitalization with high morbidity and in-hospital 
mortality. Identifying clinical predictors of mortality can guide early interventions and improve outcomes. 
Aim: To evaluate clinical, laboratory, and echocardiographic factors associated with in-hospital mortality among 
HF patients in a tertiary care setting. 
Methodology: This retrospective observational study analyzed records of 80 adult patients admitted with HF at 
the Department of General Medicine, Government Medical College Hospital, Bettiah, India, over 8 months. 
Demographics, comorbidities, laboratory parameters including NT-proBNP and renal function, echocardiographic 
findings, pharmacological treatments, and outcomes were reviewed. Cox regression and Kaplan-Meier analyses 
were used to identify independent predictors of in-hospital mortality. 
Results: The mean age was 62 ± 14 years; 62.5% were male. Comorbidities included hypertension (50%) and 
diabetes (35%). HFrEF and HFpEF were equally prevalent (31.3% each). In-hospital mortality was 22.5%. 
Advanced age (61–80 years), renal impairment, elevated NT-proBNP, reduced ejection fraction, and 
cardiometabolic comorbidities were significantly associated with mortality. 
Conclusion: In-hospital mortality in HF remains substantial. Early recognition of high-risk patients using clinical 
and laboratory predictors is essential for targeted management, optimizing therapy, and improving outcomes. 
Keywords: Heart failure, In-hospital mortality, NT-proBNP, Ejection fraction, Comorbidities, Retrospective 
study. 
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the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0) and the Budapest Open Access Initiative 
(http://www.budapestopenaccessinitiative.org/read), which permit unrestricted use, distribution, and reproduction in any medium, provided 
original work is properly credited. 
Introduction 

Heart failure (HF) represents a major public health 
challenge worldwide because it leads to heart dys-
function which prevents the heart from delivering 
enough blood to support the body's metabolic re-
quirements [1]. The condition results in high rates of 
sickness and patients require multiple hospital stays 
which ultimately lead to their death, with hospital-
ized patients facing the highest death risk. The prev-
alence of HF has been steadily rising, largely due to 
aging populations, increased survival following 
acute cardiac events, and the prevalence of comor-
bid conditions such as hypertension, diabetes melli-
tus, and chronic kidney disease [2]. The critical 
problem of in-hospital mortality among HF patients 
remains unsolved, despite the progress made in 
medical treatment, which emphasizes the need for 

developing dependable clinical markers that will en-
able early treatment and risk assessment. 

Multiple factors, which include demographic infor-
mation and existing medical conditions and hemo-
dynamic measurements and laboratory test results 
and sudden acute medical conditions, determine 
clinical outcomes for heart failure patients [3]. Pre-
vious studies have shown that age, sex, systolic dys-
function, renal impairment, and elevated natriuretic 
peptides serve as important predictive factors for se-
vere medical outcomes. The process of identifying 
high-risk patients during their admission time ena-
bles doctors to implement focused treatment meth-
ods which lead to better resource distribution and in-
creased patient survival rates [4]. The process of re-
viewing hospital records through retrospective 
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studies enables researchers to assess authentic clini-
cal factors that predict in-hospital death while estab-
lishing evidence-based treatment guidelines. 

HF patients who require hospitalization show differ-
ent clinical symptoms that include two extreme con-
ditions which are decompensated chronic HF and 
acute cardiogenic shock. HF presentation shows 
multiple variables which create difficulties because 
they affect mortality risk assessment simultaneously 
[5]. The presence of hemodynamic instability and 
arrhythmias together with severe left ventricular 
dysfunction and multiorgan involvement causes a 
significant increase in the risk of death during hos-
pitalization. The presence of chronic kidney disease 
and diabetes mellitus and chronic obstructive pul-
monary disease worsen the patient condition which 
results in extended hospital stays and increased 
death rates [6]. Comprehensive evaluation of patient 
demographics and comorbidities together with vital 
signs and laboratory parameters is essential for iden-
tifying both clinically relevant and statistically sig-
nificant predictors. 

The research found that specific laboratory tests 
which included serum creatinine and blood urea ni-
trogen and electrolyte tests and myocardial injury bi-
omarkers demonstrated their value in predicting in-
hospital heart failure death rates according to retro-
spective studies which investigated this issue [7]. 
The presence of clinical symptoms which include 
hypotension and tachycardia and pulmonary edema 
and altered mental status at the time of admission 
leads to higher chances of death. The system uses 
these parameters to create predictive models which 
establish patient risk groups that help organizations 
decide their needs for monitoring and advanced 
treatments and emergency transfers to intensive care 
units. The multiple risk scoring systems present to-
day show different results in various population 
groups and healthcare environments which makes 
population-specific research necessary. 

The study's retrospective design permits researchers 
to study in-hospital mortality through assessment of 
actual patient medical records from a particular time 
period. The study investigates which factors lead to 
adverse outcomes in hospitalized heart failure pa-
tients by studying their demographic information, 
existing medical conditions, body temperature 
measurements, laboratory findings, and their medi-
cal treatment experiences. The clinicians require 
these predictors because they enable them to identify 
patients with high-risk conditions and implement fo-
cused treatment plans which will decrease hospital 
mortality rates and enhance patient treatment results. 
The identification of modifiable risk factors enables 
the development of preventive measures which will 
help reduce hospital readmission rates and decrease 
the financial costs associated with heart failure treat-
ment. 

Heart failure keeps causing major healthcare system 
challenges which lead to high death rates in hospi-
tals across the globe. Effective risk assessment and 
patient management require thorough examination 
of clinical data and laboratory results and demo-
graphic information. The study aims to expand cur-
rent knowledge about factors that determine in-hos-
pital death by examining data from hospitalized HF 
patients through retrospective analysis which helps 
clinicians better understand adverse outcomes while 
developing better treatment methods. The study re-
sults will help create personalized treatment pro-
grams which will enhance survival rates and life 
quality for heart failure patients”. 

Methodology 

Study Design: This study was designed as a retro-
spective observational study aimed at identifying 
clinical predictors of in-hospital mortality among 
patients diagnosed with heart failure (HF). Retro-
spective data analysis allows for the examination of 
existing medical records to explore associations be-
tween patient characteristics, comorbidities, labora-
tory parameters, and pharmacological management 
with in-hospital outcomes. The retrospective design 
is particularly suitable for studying relatively rare 
outcomes such as mortality in HF within a hospital 
setting, as it enables the use of existing comprehen-
sive medical records without the need for prospec-
tive follow-up. 

Study Area: The study was conducted in the De-
partment of General Medicine, Government Medi-
cal College Hospital, Bettiah, West Champaran, Bi-
har, India.  

Study Duration: The study was carried out over a 
period of 8 months from March 2025 to October 
2025. 

Study Participants 

Inclusion Criteria 

• Patients aged ≥18 years admitted with a diagno-
sis of heart failure confirmed by clinical evalu-
ation and echocardiographic evidence. 

• Patients with complete medical records includ-
ing laboratory investigations, echocardiogram 
reports, and pharmacological treatment details. 

• Patients admitted during the study period to the 
General Medicine ward and who received 
standard care for HF. 

Exclusion Criteria 

• Patients aged <18 years. 
• Patients with incomplete medical records or 

missing critical diagnostic data. 
• Patients who left the hospital against medical 

advice or were transferred to another facility 
during the admission. 
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• Patients with terminal illnesses unrelated to HF 
where mortality could not be attributed to car-
diac causes. 

Sample Size: A total of 80 patients meeting the in-
clusion criteria were selected for this study. The 
sample size was determined based on available rec-
ords, ensuring adequate representation of clinical 
variables relevant to predicting in-hospital mortality 
in HF. 

Procedure: Patient records were systematically re-
viewed to extract relevant data, including demo-
graphic characteristics (age, sex), comorbid condi-
tions (such as hypertension, diabetes, chronic kidney 
disease), and laboratory parameters, including NT-
proBNP levels, serum creatinine, and estimated glo-
merular filtration rate (eGFR). Echocardiographic 
findings, particularly ejection fraction (EF), were 
recorded to classify patients into HF phenotypes: 
HFrEF (EF <40%), HFmrEF (EF 40–49%), and 
HFpEF (EF ≥50%). Patients lacking echocardio-
graphic data were categorized as HF with no defined 
EF (HFndEF). Pharmacological treatments, includ-
ing beta-blockers, renin-angiotensin-aldosterone 
system inhibitors (RAASi), mineralocorticoid re-
ceptor antagonists (MRA), and diuretics, were doc-
umented along with adherence based on hospital 
records. 

The primary outcome measured was in-hospital 
mortality. Secondary variables included length of 
hospital stay, need for intensive care, and occurrence 
of major complications. All laboratory and imaging 
investigations were conducted as part of routine 
clinical care and analyzed using standard hospital 
protocols. Data were extracted using a structured 
data collection form and cross-verified by two inde-
pendent investigators to ensure accuracy and con-
sistency. 

Statistical Analysis: All collected data were entered 
into IBM SPSS Statistics version 27.0 for analysis. 
Descriptive statistics, including mean, standard de-
viation, frequency, and percentages, were used to 
summarize patient characteristics. Categorical vari-
ables were analyzed using Chi-square tests, while 
continuous variables were compared using t-tests or 
ANOVA, as appropriate. Kaplan-Meier survival 
analysis was performed to assess the time-to-event 
distribution for in-hospital mortality across different 
HF phenotypes. Additionally, Cox proportional haz-
ards regression was conducted to identify independ-
ent clinical predictors of in-hospital mortality, ad-
justing for comorbidities, EF categories, laboratory 
parameters, and pharmacological treatment. A p-
value <0.05 was considered statistically significant. 
The statistical approach ensured that both univariate 
and multivariate associations between clinical pa-
rameters and mortality outcomes were appropriately 
evaluated”. 

Result 

Table 1 shows the demographic characteristics of 
the study participants (N = 80). The majority of par-
ticipants belonged to the 61–80 years age group, ac-
counting for 30 individuals (37.5%), followed by 
those aged 41–60 years with 28 participants (35%). 
The 18–40 years age group comprised 12 partici-
pants (15%), while participants aged more than 80 
years constituted 10 individuals (12.5%), represent-
ing the smallest proportion. With regard to sex dis-
tribution, males predominated in the study popula-
tion, with 50 participants (62.5%), whereas females 
accounted for 30 participants (37.5%). Overall, the 
findings indicate that the study population was 
largely composed of older adults, particularly those 
between 61 and 80 years, with a male preponder-
ance.

 
Table 1: Demographic Characteristics of Study Participants (N = 80) 

Variable Frequency (n) Percentage (%) 
Age (years) 
18–40 12 15 
41–60 28 35 
61–80 30 37.5 
>80 10 12.5 
Sex 
Male 50 62.5 
Female 30 37.5 

 
Table 2 shows the distribution of comorbidities 
among the study participants (N = 80). Hypertension 
(HTN) was the most common comorbidity, present 
in 40 patients (50%), indicating that half of the study 
population had elevated blood pressure. Diabetes 
Mellitus (DM) was the second most prevalent con-
dition, affecting 28 participants (35%). Coronary 
Artery Disease (CAD) was observed in 22 patients 
(27.5%), reflecting a considerable burden of 

cardiovascular disease in the cohort. Chronic Kid-
ney Disease (CKD) was reported in 15 participants 
(18.8%), while Chronic Obstructive Pulmonary Dis-
ease (COPD) was present in 10 cases (12.5%). Pre-
vious stroke was the least common comorbidity, 
documented in 8 patients (10%). Overall, the find-
ings highlight a high prevalence of cardiometabolic 
disorders, particularly hypertension and diabetes, 
among the study population.
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Table 2: Comorbidities Among Study Participants (N = 80) 

Comorbidity Frequency (n) Percentage (%) 
Hypertension (HTN) 40 50 
Diabetes Mellitus (DM) 28 35 
Chronic Kidney Disease (CKD) 15 18.8 
Coronary Artery Disease (CAD) 22 27.5 
Chronic Obstructive Pulmonary Disease (COPD) 10 12.5 
Previous Stroke 8 10 

 
Table 3 shows the laboratory parameters at admis-
sion among the study participants (N = 80). The 
mean NT-proBNP level was 1850 ± 920 pg/mL, in-
dicating a generally elevated biomarker profile in 
the cohort. On categorization, 10 patients (12.5%) 
fell into the “heart failure (HF) unlikely” group 
(<300 pg/mL), while an equal proportion of 35 pa-
tients each (43.8%) were in the grey zone (300–1800 
pg/mL) and the “HF likely” category (>1800 
pg/mL), suggesting that a substantial proportion of 
patients had biochemical evidence strongly sugges-
tive of heart failure at admission. The mean eGFR 
was 58 ± 22 mL/min/1.73 m², reflecting borderline 

to reduced renal function overall. In distribution, 32 
patients (40%) had normal renal function (≥60 
mL/min/1.73 m²), whereas the majority showed im-
pairment: 35 patients (43.8%) had mildly impaired 
renal function (30–59 mL/min/1.73 m²) and 13 pa-
tients (16.2%) had severely impaired renal function 
(<30 mL/min/1.73 m²). The mean serum creatinine 
level was 1.5 ± 0.7 mg/dL, further supporting the 
presence of renal dysfunction in a considerable sub-
set of patients. Overall, the laboratory profile at ad-
mission demonstrates a high burden of cardiac stress 
and concurrent renal impairment in the study popu-
lation.

 
Table 3: Laboratory Parameters at Admission (N = 80) 

Parameter Mean ± SD Categorization Frequency (n) Percentage (%) 
NT-proBNP (pg/mL) 1850 ± 920 HF unlikely (<300) 10 12.5   

Grey zone (300–1800) 35 43.8   
HF likely (>1800) 35 43.8 

eGFR (mL/min/1.73 m²) 58 ± 22 Normal (≥60) 32 40   
Mildly impaired (30–59) 35 43.8   
Severely impaired (<30) 13 16.2 

Serum Creatinine (mg/dL) 1.5 ± 0.7 — — — 
 
Table 4 shows the distribution of echocardiographic 
findings and heart failure (HF) phenotypes among 
the 80 study participants. The results indicate that 
HFrEF (EF <40%) and HFpEF (EF ≥50%) were 
equally prevalent, each accounting for 25 patients 
(31.3%), making them the most common HF pheno-
types in the study population. HFmrEF (EF 40–
49%) was observed in 20 patients (25%), represent-
ing one-fourth of the cases, while HF with no 

defined EF (HFndEF) was the least common pheno-
type, seen in 10 patients (12.5%). The mean ejection 
fraction (EF) of the overall study population was 45 
± 12%, suggesting a moderate reduction in systolic 
function on average. Overall, the findings demon-
strate a nearly equal burden of reduced and pre-
served ejection fraction heart failure, with a smaller 
proportion of patients falling into the mid-range and 
undefined EF categories.

 
Table 4: Echocardiographic Findings and HF Phenotypes (N = 80) 

HF Phenotype Frequency (n) Percentage (%) 
HFrEF (EF <40%) 25 31.3 
HFmrEF (EF 40–49%) 20 25 
HFpEF (EF ≥50%) 25 31.3 
HF with no defined EF (HFndEF) 10 12.5 
Mean Ejection Fraction (EF %) 45 ± 12 — 

 
Table 5 shows the in-hospital outcomes and pharma-
cological treatment patterns among the 80 study par-
ticipants. The in-hospital mortality rate was 18 cases 
(22.5%), indicating that nearly one-fourth of the pa-
tients experienced adverse outcomes during hospi-
talization. The mean length of hospital stay was 9.5 
± 4.2 days, suggesting a moderately prolonged 

admission period for most patients. Regarding phar-
macological management, diuretics were the most 
commonly prescribed drugs, used in 70 patients 
(87.5%), followed by beta-blockers in 60 patients 
(75%) and RAAS inhibitors (RAASi) in 55 patients 
(68.8%). Mineralocorticoid receptor antagonists 
(MRA) were administered to 30 patients (37.5%). 
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Combination therapy with beta-blockers and RAAS 
inhibitors was given to 50 patients (62.5%), while 
triple therapy consisting of beta-blockers, RAASi, 
and MRA was used in 25 patients (31.3%). Overall, 

the table reflects a high utilization of guideline-di-
rected medical therapy, with substantial use of com-
bination regimens, although a considerable mortal-
ity rate was still observed.

 
Table 5: In-Hospital Outcomes and Pharmacological Treatment (N = 80) 

Variable Frequency (n) Percentage (%) 
In-hospital mortality 18 22.5 
Length of hospital stay (days, mean ± SD) 9.5 ± 4.2 — 
Use of Beta-blockers 60 75 
Use of RAAS inhibitors (RAASi) 55 68.8 
Use of Mineralocorticoid Receptor Antagonist (MRA) 30 37.5 
Use of Diuretics 70 87.5 
Combination Therapy (Beta-blocker + RAASi) 50 62.5 
Triple Therapy (Beta-blocker + RAASi + MRA) 25 31.3 

 
Discussion 

The present retrospective study identified advanced 
age, renal dysfunction, elevated NT-proBNP, cardi-
ometabolic comorbidities, and reduced ejection 
fraction as major clinical predictors of in-hospital 
mortality among patients admitted with heart failure 
(HF). The epidemiological studies which tracked 
large population groups show that senior citizens 
aged 61 to 80 years represent the largest segment of 
the population. The nationwide registry study con-
ducted by Ødegaard KM et al. (2020) [8] docu-
mented that both HF incidence and HF mortality 
rates increased with patient age while patients aged 
75 and older experienced higher short-term mortal-
ity rates. The study by Dharmarajan K and Rich 
(2017) [9] showed that older adults with HF face 
greater in-hospital and early post-discharge mortal-
ity because of their frailty and multimorbidity and 
decreased physiological reserve. The 22.5% in-hos-
pital mortality rate which we observed exceeds the 
10–20% range reported by some European registries 
while it matches the mortality rates found in studies 
of older individuals who had high-risk medical con-
ditions which demonstrates that age-related vulner-
ability significantly affects initial medical out-
comes”. 

Renal impairment emerged as a strong predictor of 
adverse outcomes in our cohort, with a large subset 
demonstrating ‘reduced eGFR and elevated creati-
nine levels. The finding matches earlier research 
which shows that cardiorenal syndrome predicts pa-
tient outcomes. Anwaruddin S et al. (2006) [10] re-
ported that worsening renal function in HF patients 
was independently associated with increased short-
term mortality and rehospitalization. The Swedish 
cohort studied by Davidge J et al. (2022) [11] found 
that impaired renal function was a strong predictor 
for both cardiovascular readmission and mortality. 
Our results reinforce these observations, which 
show that renal dysfunction makes diuretic and 
RAAS inhibitor therapy more difficult while show-
ing systemic hemodynamic compromise and neuro-
hormonal activation that leads to in-hospital death. 

Our study showed that higher NT-proBNP levels di-
rectly linked to increased death risk which matched 
existing research findings. The ICON-RELOADED 
study by Januzzi JL et al. (2018) [12] showed that 
higher NT-proBNP levels predicted greater short-
term death risk among various heart failure patient 
groups. The Heart Failure Association practical 
guidance by Mueller C et al. (2019) [13] showed that 
natriuretic peptide levels function as both diagnostic 
tools and essential predictors of patient outcomes. 
The study results indicate that patients with highly 
elevated NT-proBNP experienced worse hospital 
outcomes because their condition showed more se-
vere myocardial damage and excessive blood vol-
ume and advanced medical problems at the time of 
medical evaluation. 

Our cohort displays HF phenotypes with equal dis-
tributions between HFrEF and HFpEF and a smaller 
HFmrEF population which reflects current epidemi-
ological patterns. Gevaert AB et al. (2022) [14] con-
firmed that HFpEF now accounts for approximately 
50% of HF cases among elderly patients who expe-
rience similar hospitalization rates but different un-
derlying medical conditions than HFrEF patients. 
HFrEF had been connected to increased death rates 
until new research findings demonstrated that aging 
patients with multiple health issues experience sim-
ilar outcomes across different EF phenotypes. Pa-
tients who had reduced EF in our study showed 
longer hospital stays together with increased hemo-
dynamic instability which contributed to their higher 
risk of death. The study found that HFpEF patients 
with diabetes and chronic kidney disease showed 
high risk because their condition showed complex 
interaction between systolic and diastolic dysfunc-
tion. 

Our study group showed high rates of both hyper-
tension and diabetes mellitus which led to numerous 
negative health effects. The research study con-
ducted by Conrad N et al. (2018) [15] together with 
other large-scale epidemiological research studies 
demonstrate that cardiometabolic risk factors func-
tion as the primary causes which lead to heart failure 
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development and progression. The condition of dia-
betes brings about microvascular dysfunction to-
gether with myocardial fibrosis which results in a 
more severe disease outcome. The research results 
support these findings because diabetic patients 
showed increased death rates which resulted from 
their accelerated atherosclerosis and diminished 
metabolic capacity during their acute health crisis. 

The mean hospital stay in our study was approxi-
mately 9.5 days which exceeded the 6-to-7-day 
range that multiple European studies reports. Our re-
search team determined that patients needed longer 
hospital stays because they had multiple health is-
sues which showed greater severity through their ad-
vanced age and their substantial kidney function 
loss. The high usage of’ guideline-directed medical 
therapy which included beta-blockers and RAAS in-
hibitors led to substantial mortality rates which still 
persisted. The 2021 ESC Guidelines by Málek TA 
et al. (2022) [16] demonstrate that evidence-based 
pharmacotherapy decreases longterm mortality 
while baseline disease severity and patient conges-
tion and hypotension and organ dysfunction deter-
mine patient outcomes during hospital stays. Our 
data support this perspective as combination therapy 
patients developed negative health effects when they 
showed advanced disease and biochemical derange-
ments. 

Patients who received beta-blockers and RAAS in-
hibitors showed improved survival results when 
compared to patients who did not receive these treat-
ments according to previous research results. The 
present observation confirms Osmanska and Jhund 
(2019) [17] study results which show that elderly pa-
tients benefit from guideline-directed therapy when 
doctors properly adjust their medication doses. The 
study found that 22.5% of patients died during their 
hospital stay which demonstrates that pharmaco-
logic treatment requires both early risk assessment 
and comprehensive team care to succeed with high-
risk patients. 

The study results confirm that existing research 
shows advanced age and kidney impairment to-
gether with high NT-proBNP levels and low ejection 
fraction and cardiometabolic diseases enable accu-
rate prediction of in-hospital deaths among heart 
failure patients. The short-term death rate for our 
study group exceeds international figures because 
our participants have an older age profile and they 
experience more health problems. The results show 
that hospitals need to detect high-risk patients early 
and they must improve kidney functions and blood 
flow control while following treatment guidelines to 
achieve better patient outcomes. 

Conclusion 

This retrospective study highlights that in-hospital 
mortality among heart failure patients remains sub-
stantial, with an observed rate of 22.5%. Advanced 

age, particularly patients aged 61–80 years, renal 
impairment, elevated NT-proBNP levels, reduced 
ejection fraction, and prevalent cardiometabolic 
comorbidities such as hypertension and diabetes 
emerged as key clinical predictors of adverse out-
comes. Despite widespread use of guideline-di-
rected medical therapy, including beta-blockers, 
RAAS inhibitors, and combination regimens, mor-
tality remained significant, underscoring the impact 
of baseline disease severity and organ dysfunction. 
These findings emphasize the critical importance of 
early risk stratification, comprehensive assessment 
of clinical and laboratory parameters, and tailored 
interventions to optimize patient management. Im-
plementation of such strategies may improve sur-
vival, reduce hospital stay, and enhance overall out-
comes in hospitalized HF populations. 

References 

1. Shahim B, Kapelios CJ, Savarese G, Lund LH. 
Global public health burden of heart failure: an 
updated review. Cardiac failure review. 2023 
Jul 27;9:e11. 

2. Triposkiadis F, Xanthopoulos A, Parissis J, 
Butler J, Farmakis D. Pathogenesis of chronic 
heart failure: cardiovascular aging, risk factors, 
comorbidities, and disease modifiers. Heart 
failure reviews. 2022 Jan;27(1):337-44. 

3. Georgiopoulou VV, Velayati A, Burkman G, Li 
S, Farooq K, Samman-Tahhan A, Papadi-
mitriou L, Butler J, Kalogeropoulos AP. 
Comorbidities, sociodemographic factors, and 
hospitalizations in outpatients with heart failure 
and preserved ejection fraction. The American 
Journal of Cardiology. 2018 May 
15;121(10):1207-13. 

4. McAlister FA, Stewart S, Ferrua S, McMurray 
JJ. Multidisciplinary strategies for the manage-
ment of heart failure patients at high risk for ad-
mission: a systematic review of randomized tri-
als. Journal of the American College of Cardi-
ology. 2004 Aug 18;44(4):810-9. 

5. Iyngkaran P, Thomas M, Horowitz JD, 
Komesaroff P, Jelinek M, Hare DL. Common 
comorbidities that alter heart failure prognosis-
shaping new thinking for practice. Current car-
diology reviews. 2021 Sep 1;17(5):4-13. 

6. Niewoehner DE. The impact of severe exacer-
bations on quality of life and the clinical course 
of chronic obstructive pulmonary disease. The 
American journal of medicine. 2006 Oct 
1;119(10):38-45. 

7. van Veldhuisen DJ, Ruilope LM, Maisel AS, 
Damman K. Biomarkers of renal injury and 
function: diagnostic, prognostic and therapeutic 
implications in heart failure. European Heart 
Journal. 2016 Sep 1;37(33):2577-85. 

8. Ødegaard* KM, Hallén J, Lirhus SS, Melberg 
HO, Halvorsen S. Incidence, prevalence, and 
mortality of heart failure: a nationwide registry 



 

International Journal of Pharmaceutical Quality Assurance                   e-ISSN: 0975-9506, p-ISSN: 2961-6093 

Patel et al.                                                                                        International Journal of Pharmaceutical Quality Assurance 

935 

study from 2013 to 2016. ESC heart failure. 
2020 Aug;7(4):1917-26. 

9. Dharmarajan K, Rich MW. Epidemiology, 
pathophysiology, and prognosis of heart failure 
in older adults. Heart failure clinics. 2017 Jul 
1;13(3):417-26. 

10. Anwaruddin S, Lloyd-Jones DM, Baggish A, 
Chen A, Krauser D, Tung R, Chae C, Januzzi 
JL. Renal function, congestive heart failure, and 
amino-terminal pro-brain natriuretic peptide 
measurement: results from the ProBNP Investi-
gation of Dyspnea in the Emergency Depart-
ment (PRIDE) Study. Journal of the American 
College of Cardiology. 2006 Jan 3;47(1):91-7. 

11. Davidge J, Ashfaq A, Ødegaard KM, Olsson M, 
Costa-Scharplatz M, Agvall B. Clinical charac-
teristics and mortality of patients with heart fail-
ure in Southern Sweden from 2013 to 2019: a 
population-based cohort study. BMJ open. 2022 
Dec 1;12(12):e064997. 

12. Januzzi JL, Chen-Tournoux AA, Christenson 
RH, Doros G, Hollander JE, Levy PD, Na-
gurney JT, Nowak RM, Pang PS, Patel D, Pea-
cock WF. N-terminal pro–B-type natriuretic 
peptide in the emergency department: the 
ICON-RELOADED study. Journal of the 
American College of Cardiology. 2018 Mar 
20;71(11):1191-200. 

13. Mueller C, McDonald K, de Boer RA, Maisel 
A, Cleland JG, Kozhuharov N, Coats AJ, Metra 
M, Mebazaa A, Ruschitzka F, Lainscak M. 
Heart Failure Association of the European 

Society of Cardiology practical guidance on the 
use of natriuretic peptide concentrations. Euro-
pean journal of heart failure. 2019 
Jun;21(6):715-31. 

14. Gevaert AB, Kataria R, Zannad F, Sauer AJ, 
Damman K, Sharma K, Shah SJ, Van Spall HG. 
Heart failure with preserved ejection fraction: 
recent concepts in diagnosis, mechanisms and 
management. Heart. 2022 Sep 1;108(17):1342-
50. 

15. Conrad N, Judge A, Tran J, Mohseni H, 
Hedgecott D, Crespillo AP, Allison M, Hem-
ingway H, Cleland JG, McMurray JJ, Rahimi 
K. Temporal trends and patterns in heart failure 
incidence: a population-based study of 4 million 
individuals. The Lancet. 2018 Feb 
10;391(10120):572-80. 

16. Málek F, Veselý J, Pudil R, Špinar J, Málek I, 
Špinarová L, Oštádal P, Belohlávek J, Vítovec 
J, Krejcí J, Hradec J. 2021 ESC Guidelines for 
the diagnosis and treatment of acute and chronic 
heart failure: The Task Force for the diagnosis 
and treatment of acute and chronic heart failure 
of the European Society of Cardiology (ESC) 
with the special contribution of the Heart Fail-
ure Association (HFA) of the ESC. Cor et Vasa. 
2022 Aug 8. 

17. Osmanska J, Jhund PS. Contemporary Manage-
ment of Heart Failure in the Elderly: J. Osman-
ska, PS Jhund. Drugs & aging. 2019 Feb 
11;36(2):137-46.

 




