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ABSTRACT

This study was prospective, observational study of patients hospitalized for acute heart failure
(AHF). All patients were followed up for six months after the index hospitalization. Early group (n
= 137) received IV diuretics within 90 minutes while as Delayed group (n = 293) received IV
diuretics after 90 minutes. Demographic parameters like age, gender and comorbid illness was
compared in patients in Early Group and Delayed Group and the association was found to be
statistically insignificant (p >0.05). Insignificant statistical difference was observed when smoking
status was compared between two study groups. There were 21.9% smokers in Early Group
compared to 17.4% smokers in Delayed Group. On echocardiography, heart failure with preserved
ejection fraction (HFpEF) was observed in 48.1% patients, heart failure with reduced ejection
fraction (HFrEF) was seen in 39.1% patients and 12.8% patients had heart failure with midrange
ejection fraction (HFmrEF). In-hospital mortality was higher in Delayed Group (12.3%) compared
to Early Group (5.1%) with significant statistical difference (p < 0.05). Mean length of
hospitalization was shorter in Early Group (14.7 days) compared to 17.3 days in Delayed Group (P
< 0.05). Readmission at 1 month in two study groups was found to be statistically insignificant
(p>0.05) with 13.9% in Early Group compared to 16.4% in Delayed Group. Readmission at 6
month was again higher in Delayed Group 12.3% versus 9.5% in Early Group with an insignificant
statistical association (p > 0.05). At one month significantly higher mortality was observed in
Delayed Group (14.3%) compared to 7.3% in Early Group (p<0.05). At 6 month, there was higher
mortality in Delayed Group (22.9%) compared to 13.1% in Early Group with a statistically
significant association between (p <0.05).

Keywords: acute heart failure, reduced ejection fraction, preserved ejection fraction, readmission,
mortality

INTRODUCTION
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Heart failure (HF) is a complex clinical syndrome that results from any structural or functional
impairment of ventricular filling or ejection of blood leading to cardinal manifestations of
dyspnoea, fatigue and fluid retention'. Prevalence of heart failure is 3.9 cases/1000. Prevalence of
heart failure increased considerably with age — in those aged under 65 years the prevalence rate was
0.6 cases/1000 compared to 28 cases/ 1000 in those aged over 65 years?.

The main reason for an acute heart failure hospitalization is signs or symptoms of congestion for
which the first-choice treatment is administration of loop diuretics. These aim to establish a
negative fluid balance, and thus alleviate signs and symptoms associated with fluid overload.
Diuretics have been used in acute heart failure for many years, even though large, randomized
studies are lacking. Several small studies and case reports after the introduction of loop diuretics
showed that the absorption of loop diuretics in heart failure patients was delayed*®. Additionally,
the dose response curve is thought to be shifted downwards and to the right, meaning that the
maximal response that can be obtained is diminished’. Based on these findings heart failure patients
are considered relatively diuretic resistant, and a poor response to diuretics frequently occurs during
hospitalization for heart failure®’.

The main aim of AHF therapy is to achieve decongestion, which is predominantly realized by
administration of diuretics. Failure to respond adequately to diuretic therapy, termed diuretic
resistance, is a complicating factor that is associated with poor outcome and high rehospitalization
rates'®!!, Two slightly different, simple, quantitative measures to assess diuretic response
combining either urine output or weight loss and diuretic dose have been recently proposed'®!!:12,
Using these definitions, poor diuretic response was associated with more advanced heart failure,
renal impairment, diabetes, atherosclerotic disease and in-hospital worsening heart failure.
Importantly, a poor diuretic response also strongly predicted mortality and heart failure
rehospitalization. Early identification of diuretic resistant patients is therefore important and might
lead to adaptation of treatment strategies.

AIMS AND OBJECTIVES

* To study the impact of door-to-diuretic (D2D) time on mortality in patients with acute heart
failure (AHF).

* To study the impact of door-to-diuretic (D2D) time on length of hospital stay and readmission
rate in patients with acute heart failure (AHF).

MATERIALS AND METHODS

This study was prospective, observational study of patients hospitalized for acute heart failure
(AHF) in Department of Medicine SMHS Hospital, Srinagar. Patients for the study were selected
based on eligibility criteria. All patients were followed up for six months after the index
hospitalization. The study was carried out over a period of two years in the Postgraduate
Department of Medicine at Government Medical College, Srinagar from December 2020 to
December 2022, after approval from Institutional Ethical Committee. Written informed consent in
the local commonly used language was obtained from all the participants before their inclusion in
the study.

Inclusion Criteria

* Age > 18 years.

* Signs or symptoms of heart failure (HF) and lung congestion.

* Objective findings of left ventricular systolic and diastolic dysfunction.

Exclusion Criteria

* Patients who received the first dose of furosemide 24 h after ED arrival.

* Patients who are undergoing long-term dialysis therapy before hospital admission.
« Patients who received oral furosemide in ED.
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Statistical Methods: The recorded data was compiled and entered in a spreadsheet (Microsoft
Excel) and then exported to data editor of SPSS Version 20.0 (SPSS Inc., Chicago, Illinois, USA).
Continuous variables were expressed as Mean + SD and categorical variables were summarized as
frequencies and percentages. Graphically the data was presented by bar and pie diagrams. Student’s
independent t-test or Mann-Whitney U-test, whichever feasible, was employed for comparing
continuous variables. Chi-square test or Fisher’s exact test, whichever appropriate, was applied for
comparing categorical variables. A p-value of less than 0.05 was considered statistically significant.

RESULTS

The mean age of the study patients in early group was 61.9+15.82 years compared to 62.7+17.15
years in delayed group. Early group (n = 137) received IV diuretics within 90 minutes while as
Delayed group (n = 293) received IV diuretics after 90 minutes. Age was statistically insignificant
between Early and Delayed Groups (p 0.645). There was male dominance in both the study groups
with 84 (61.3%) males and 53 (38.7%) females in Early Group compared to 175 (59.7%) males and
118 (40.3%) females in Delayed Group. The difference was found to be statistically insignificant
with a p value of 0.579. There were 30 (21.9%) smokers in Early Group compared to 51 (17.4%) in
Delayed Group. When patients in two study groups were compared based on smoking status the
difference was found to be statistically insignificant (p 0.267).

Hypertension was the commonest comorbid illness observed in 97 (70.8%) patients in Early Group
and 198 (67.6%) patients in Delayed Group followed by diabetes mellitus in 51 (37.2%) patients
and 103 (35.2%) patients in Early and Delayed Groups, respectively. Ischemic heart disease was
seen in 39 (28.5%) patients in Early Group compared to 71 (24.2%) patients in Delayed Group,
valvular heart disease was observed in 16 (11.7%) patients in Early Group compared to 42 (14.3%)
patients in Delayed Group, atrial fibrillation was observed in 31 (22.6%) and 84 (28.7%) patients in
Early and Delayed Group, respectively while 13 (9.5%) patients in Early Group and 37 (12.6%)
patients in Delayed Group had COPD. Statistically insignificant difference was observed when
comorbid illnesses were compared between two study groups (p>0.05).

On echocardiography, heart failure with preserved ejection fraction (HFpEF) was observed in 207
(48.1%) patients, heart failure with reduced ejection fraction (HFrEF) was seen in 168 (39.1%)
patients, 55 (12.8%) patients had heart failure with midrange ejection fraction (HFmrEF). There
was 5.1% (n=7) in-hospital mortality in early group compared to 12.3% (n=36) in delayed group.
In-hospital mortality was highly significant in Delayed Group compared to Early Group with a p
value of 0.021. (Table 1)

Table 1: In-hospital mortality in two groups

In-hospital Early Group Delayed Group Povalue
mortality No. %age No. %age

Yes 7 5.1 36 12.3

No 130 94.9 257 87.7 0.021*
Total 137 100 293 100

*Statistically Significant Difference (P-value <0.05)

Mean hospital stay in 137 patients in Early Group was 14.7+7.89 days with a 95% CI of 10.7-18.3
compared to mean hospital days of 17.3+8.54 days with a 95% CI of 13.4-22.8 in 293 patients in
Delayed Group. The length of hospital stay was observed to be statistically significant (p 0.003)
between the two study groups (Table 1).
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Readmission rate at 1 month was 13.9% (n=19) in Early Group compared to 16.4% (n=48) in
Delayed Group. The relation observed between patients in Early Group and Delayed Group was
found to be statistically insignificant (p 0.503) (Table 2).

Table 8: Readmission rate at 1 month in two groups

. . Early Grou Delayed Group
Readmission No. Yoage No. Yoage P-value
Yes 19 13.9 48 16.4
No 118 86.1 245 83.6 0.503
Total 137 100 293 100

Mortality at one month was higher in Delayed Group (14.3%, n=42) compared to (7.3%, n=10)
Early Group. The difference observed was statistically significant with a p value of 0.037. (Table 3)

Table 3: Mortality at one month in two groups

. Early Group Delayed Group
Mortality No. Yoage No. Yoage P-value
Yes 10 7.3 42 14.3
No 127 92.7 251 85.7 0.037*
Total 137 100 293 100

*Statistically Significant Difference (P-value <0.05)

There were 9.5% (n=13) patients in Early Group who were readmitted at 6 months compared to
12.3% (n=36) patients in Delayed Group. The difference observed was statistically insignificant (p
0.395) (Table 4).

Table 10: Readmission rate at 6 months in two groups

. . Early Group Delayed Group
Readmission No. Yoage No. Yoage P-value
Yes 13 9.5 36 12.3
No 124 90.5 257 87.7 0.395
Total 137 100 293 100

At 6 months, there was higher mortality in Delayed Group (22.9%, n=67) compared to 13.1%
(n=18) in Early Group with a statistically significant association between mortality at 6 months in
Early and Delayed Group with a p value of 0.018.
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Table 11: Mortality at 6 months in two groups

. Early Group Delayed Group
Mortality No. Yoage No. Yoage P-value
Yes 18 13.1 67 22.9
No 119 86.9 226 77.1 0.018*
Total 137 100 293 100

*Statistically Significant Difference (P-value <0.05)

DISCUSSION

Heart failure (HF) is a clinical syndrome, which is becoming a major public health problem in
recent decades, due to its increasing prevalence, especially in the developed countries. HF is a
major cause of morbidity and mortality worldwide. Globally, >26 million people are affected by
HF. In primary care, the overall 5-year survival following the diagnosis of HF is ~50%. For patients
with severe HF, the 1-year mortality may be as high as 40%. Most of these patients die of
cardiovascular causes, most commonly progressive HF or sudden cardiac death. HF is one of the
most frequent causes of hospitalizations and multiple hospitalizations. Diuretics are the mainstay
for the treatment of AHF'®. Early and rapid treatment in the Emergency Department is an important
step in management'®. Several studies have substantiated the positive effect of early treatment on
the prognosis of patients with AHF, and the delay was associated with a significant increase in the
risk of in-hospital mortality (IHM)'°.

The present study was done at SMHS hospital, GMC Srinagar over a period of two years. A total of
430 patients were included in the study. The purpose of this study was to study the effect of door-
to-diuretic time on clinical outcomes in patients with acute heart failure. In our study, mean age of
the study patients in early group was 61.9+15.82 years compared to 62.7+17.15 years in delayed
group. Most common age group affected was 61-70 years in Early Group (57/137) and Delayed
Group (125/293) followed by 51-60 years in 38/137 patients and 83/293 patients in Early and
Delayed Groups, respectively. Least number of patients in Early Group 5/137 and Delayed Group
7/293 belonged to the age group of <40 years. Age was statistically insignificant between Early and
Delayed Groups (p 0.645). There was male dominance in both the study groups with 84 (61.3%)
males and 53 (38.7%) females in Early Group compared to 175 (59.7%) males and 118 (40.3%)
females in Delayed Group. The difference was found to be statistically insignificant with a p value
of 0.579. Hypertension was the commonest comorbid illness observed in 97 (70.8%) patients in
Early Group and 198 (67.6%) patients in Delayed Group followed by diabetes mellitus in 51
(37.2%) patients and 103 (35.2%) patients in Early and Delayed Groups, respectively. Ischemic
heart disease was seen in 39 (28.5%) patients in Early Group compared to 71 (24.2%) patients in
Delayed Group, valvular heart disease was observed in 16 (11.7%) and 42 (14.3%) patients in Early
and Delayed Groups, respectively. Atrial fibrillation was observed in 31 (22.6%) and 84 (28.7%)
patients in Early and Delayed Group, respectively while 13 (9.5%) patients in Early Group and 37
(12.6%) patients in Delayed Group had COPD. Statistically insignificant difference was observed
when comorbid illnesses were compared between two study groups (p > 0.05).

In our study, there were 30 (21.9%) smokers in Early Group compared to 51 (17.4%) patients in
Delayed Group. When patients in two study groups were compared based on smoking status the
difference was found to be statistically insignificant (p 0.267). In our study, on echocardiography,
heart failure with preserved ejection fraction (HFpEF) was observed in 207 (48.1%) patients, heart
failure with reduced ejection fraction (HFrEF) was seen in 168 (39.1%) patients, 55 (12.8%)
patients had heart failure with midrange ejection fraction (HFmrEF). Park JJ et al., (2018)'¢ did a
study in heart failure with preserved ejection fraction (HFpEF) was observed in 62.7% patients in
Early Group compared 58.7% in Delayed Group, heart failure with reduced ejection fraction
(HFrEF) was seen in 14.7% patients in Early Group compared to 14.2% in Delayed Group while
22.5% patients in Early Group and compared to 27.1% patients in Delayed Group. The difference
observed was statistically insignificant with a p value of 0.087. In the present study, there was 5.1%
(n=7) in-hospital mortality in early group compared to 12.3% (n=36) in delayed group. In-hospital
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mortality was higher in Delayed Group compared to Early Groups with a p value of 0.021. This is
consistent with study done by Igbal AM et al (2021)!7 where they found that patients in Delayed
Group were 1.43 times more likely to have died compared to patients in Early Group.

Matsue Y et al., (2017)!° prospectively evaluated the association between time-to-diuretic treatment
and clinical outcome. In their study, in-hospital mortality was significantly lower in the early
treatment group (2.3% vs. 6.0% in the non-early treatment group; p=0.002). Viriyanukulvong KV et
al., (2021)"® evaluated in-hospital outcomes after receiving early versus delayed intravenous
furosemide injection among AHF patients. Among 820 enrolled AHF patients, the rate of total in-
hospital death was 3.1% in Early Treatment Group vs. 6% in Delayed Treatment Group.

In present study, mean hospital stay of 137 patients in Early Group was 14.7+7.89 days with a 95%
CI of 10.7-18.3 compared to mean hospital days of 17.3+8.54 days with a 95% CI of 13.4-22.8 in
293 patients in Delayed Group. The difference in length of hospital stay was observed to be
statistically significant (p 0.003) between Early and Delayed Group. This is in accordance with
study done by Igbal AM et al., (2021)!7. Where they found in early group average LOS was noted
to be associated with shorter hospitalization (average of 1.423 days less as compared to group 2
(delayed group) patients (confidence interval (CI) =1.02-1.82; p<0.05). In our study, readmission
rate at 1 month was 13.9% (n=19) in Early Group compared to 16.4% (n=48) in Delayed Group.
The relation observed between patients in Early Group and Delayed Group was found to be
statistically insignificant (p 0.503). In present study Mortality at one month was higher in Delayed
Group (14.3%, n=42) compared to Early Group (7.3%, n=10). The difference observed was
statistically significant with a p value of 0.037. Matsue Y et al., (2017)"° reported that early
treatment was associated with lower 30-day mortality compared to delayed group with p value
statistically insignificant.

In our study, there were 9.5% (n=13) patients in Early Group who were readmitted at 6 months
compared to 12.3% (n=36) patients in Delayed Group, this was statistically insignificant with p
value of 0.395. In present study, at 6 month there was higher mortality in Delayed Group (22.9%,
n=67) compared to 13.1% (n=18) in Early Group with a statistically significant association (p
value=0.018) this is consistent with study done by. Mir J et al., (2020)'° where they find the
association between door to diuretic time on the clinical outcome for the patients who presented to
Emergency department. Outcomes associated with diuretic timing showed no difference for length
of stay or readmission rate but there was a significant difference in mortality with 1.1% in those
given diuretics at 120 minutes or less compared to 3.5% patients were given diuretics at greater than
120 minutes (p=0.041). They concluded that door to diuretic time greater than 120 minutes was
associated with 3.4-fold increased risk of mortality.

CONCLUSION

We conclude door to diuretic time greater than 90 minutes is associated with increased risk of
mortality. Time lavished before treatment initiation is an important modifiable risk factor in heart
failure. Further research is required to establish cut points for admission, serial measurement,
change following admission and discharge levels to assist clinical decision-making.
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