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Higher diuretic dosing within the first 72 h is predictive of longer 
length of stay in patients with acute heart failure

Introduction

Over a million patients are hospitalized for acute heart failure 
every year in the United States, and heart failure management 
results in a nationwide expenditure of 32 billion dollars annually 
(1). Diuretic therapy is a mainstay of treatment for acute decom-
pensated heart failure, but its optimal dosing remains unclear. 
The Diuretic Optimization Strategies Evaluation (DOSE) trial 
showed a trend toward greater improvement in patients’ symp-
tom when using a high-dose diuretic strategy in the first 72 h of 
hospitalization than when using a low-dose strategy; however, a 
significantly higher incidence of creatinine level increases was 
also observed in the high-dose group (2). However, there were no 
significant differences in length of stay (LOS) between the low-
dose and high-dose groups. Although the DOSE trial was con-
ducted in a randomized controlled setting, the implementation of 
high-dose protocols and their effects on inpatient outcomes on a 
wide range of populations remain poorly understood.

Although there is no consensus definition for “high-dose” 
diuretics, it is still widely recommended to use them with cau-
tion to avoid over-diuresis (3). In practice, over-diuresis often 
requires temporary cessation of diuretics for multiple reasons. 
The high-dose group in the DOSE trial had no adverse outcomes 
associated with worsening renal function (WRF) during hospital-
ization as the observed renal injury in most cases was transient. 
The association between WRF during heart failure hospitaliza-
tion and longer LOS, however, has been reported elsewhere (4, 
5). A retrospective study conducted by El-Refai et al. (6) also 
showed an association between higher diuretic dosing and 
worsening glomerular filtration rate (GFR). These past studies in-
dicate the relationships among higher diuretic dosing, WRF, and 
longer LOS. In other words, higher diuretic dosing leads to WRF, 
then WRF results in longer LOS. This raises a concern regard-
ing increased hospital resource utilization including longer LOS 
when using higher diuretic dosing strategies. However, whether 
a higher diuretic dosing independently results in longer LOS has 
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not been evaluated. Thus, we sought to investigate whether a 
higher diuretic dosing in the early phase of hospitalization would 
be independently predictive of higher hospital resource utiliza-
tion including longer LOS.

Methods

Study design and setting
We conducted a retrospective cohort study of consecutive 

patients hospitalized for acute heart failure with decreased or 
preserved ejection fraction from July 2014 to June 2015 in our 
large, urban, academic medical center. During this timeframe, 
our hospital created and implemented a multidisciplinary clini-
cal pathway for managing acute heart failure. The pathway rec-
ommended intravenous furosemide 80 milligrams three times 
daily according to the mean diuretic dose used in the DOSE trial 
(2). This standardized diuretic dosing was strongly encouraged 
for any patient diagnosed with acute heart failure, but final de-
cisions for the initial dosing and subsequent dose adjustment 
were left up to individual practitioners. As a result, the mean di-
uretic dose in the first 72 h showed an increasing trend during 
the study period (Fig. 1).

Sample
We included all patients hospitalized for acute heart failure 

with decreased or preserved ejection fraction, including those 
with concurrent acute illnesses such as infections. Patients who 
had a history of end-stage renal disease, severe aortic stenosis, 
or any type of shock were excluded because these comorbidi-
ties could influence clinical decisions on diuretic dosing. A total 
of 333 patients were eventually included in our study.

Measures
The primary outcome was LOS measured in days. Secondary 

outcomes included WRF, 30-day readmissions, and in-hospital 
mortality. WRF was defined as peak reduction in estimated GFR 
(eGFR) during hospitalization compared to that at hospitalization. 
eGFR was calculated using the Cockcroft–Gault equation: (140−
age) ×body weight) (72×serum creatinine) ×0.85 (if female). Total 
diuretic dose in the first 72 h was defined as total diuretic dose 
in milligrams equivalent to oral furosemide dose administered in 
the first 72 h after hospitalization. We used the following intrave-
nous to oral equivalents to standardize dosing:
• 1 mg of intravenous furosemide equals 2 mg of oral furose-

mide (1:2)
• 1 mg of torsemide equals 2 mg of oral furosemide (1:2)
• 1 mg of intravenous budesonide equals 40 mg of oral furose-

mide (1:40)
Other variables collected for the study include age, gender, 

ethnicity, past medical history, ejection fraction, and whether 
heart failure was new onset or pre-existing. We also reviewed the 
details of home medications, including beta blockers, angiotensin-
converting enzyme inhibitors or angiotensin receptor blockers, al-
dosterone antagonists, and digoxin, received by the patients. Vital 
parameters [mean arterial pressure (MAP)], and laboratory data 
[values of sodium, blood urea nitrogen (BUN), creatinine, tropo-
nin, beta-natriuretic peptide (BNP), and hematocrit] on admission 
and during the first 72 h of hospitalization were recorded, includ-
ing change in MAP (ΔMAP) and hematocrit (ΔHct). ΔMAP and 
ΔHct were calculated by subtracting the highest or lowest MAP/
hematocrit from the MAP/hematocrit on presentation. Concurrent 
conditions such as infection on presentation as well as contrast 
use were also recorded. Infection on presentation was defined as 
the presence of any type of infection, such as pneumonia, urinary 
tract infection, or sepsis, in the initial admission note. Contrast use 
during hospitalization was defined as any intravenous contrast 
use in the first 72 h of hospitalization.

Data analysis
Descriptive statistics were calculated for all covariates and 

outcomes. Simple regression analysis was performed to evalu-
ate the relationship between total diuretic dose in the first 72 h 
and each outcome (LOS, WRF, 30-day readmissions, and in-hos-
pital mortality). Multiple linear or logistic regression models with 
a stepwise selection method were then used to determine the 
relationship between total diuretic dose in the first 72 h and each 
outcome as appropriate, after controlling for patient demograph-
ics, comorbidities, and disease severity. All variables except cre-
atinine on presentation, hematocrit on presentation, and MAP 
on presentation were included in the multiple regression models. 
This is because these three variables not only showed significant 
multicollinearity problems but also strongly correlated with BUN, 
ΔHct, and ΔMAP, respectively. On the other hand, BUN, ΔHct, 
and ΔMAP did not exhibit significant multicollinearity, and were 
thus retained in the multiple regression models. The variance in-
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Figure 1. Control chart of mean total diuretic dose administered in the 
first 72 h of hospitalization. X-axis indicates month and y-axis indicates 
mean total diuretic dose in milligrams administered in the first 72 h of 
hospitalization (oral furosemide equivalent). 
x-bar - average total diuretic dose; UCL - upper control limit; LCL - lower control limit
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flation factor (VIF) and condition index were used to examine 
collinearity and multicollinearity among covariates in linear re-
gression models. All covariates included in the final models had 
VIF of <4 and condition index of <10, because of which collinear-
ity was not a major concern in our statistical analysis.

Finally, we performed the mediation analysis to further evalu-
ate whether higher diuretic dosing predicts longer LOS, indepen-
dent of WRF (Fig. 2) (7). A p value of <0.05 was considered sig-
nificant. IBM SPSS Statistics for Windows, version 24 (IBM Corp., 

Armonk, NY, USA) was used for all analyses. The PROCESS macro 
version 3.0 for SPSS was used for mediation analysis with a boot-
strap estimation approach (8). The study protocol was approved by 
the Institutional Review Board at Mount Sinai Beth Israel.

Results

Patient characteristics and unadjusted outcomes
The mean age of the 333 patients included was 70 years. 

Among these, 57% were female, 31% were Caucasian, 33% were 
Hispanic, and 22% were African American (Table 1). Mean ejec-
tion fraction (EF) was 36% and mean total diuretic dose in the 
first 72 h was equivalent to 668 mg of oral furosemide. Unadjust-
ed outcomes revealed a mean LOS of 7.9±6.4 days, with a 30-day 
readmission rate of 19% and in-hospital mortality of 4.5%. Mean 
reduction in eGFR was 20.9±17.4 ml/min.

Higher diuretic dosing and longer length of stay
In the simple regression analysis, higher diuretic dosing in 

the first 72 h of hospitalization significantly predicted a longer 
LOS (Table 2). This relationship remained significant in the mul-
tiple regression analysis (Table 3). Higher diuretic dosing in the 
first 72 h was an independent predictor for longer LOS [coeffi-
cient β=0.42, 95% CI (0.27, 0.56), p<0.001] even after controlling for 

Figure 2. Rationale of a single mediator model: Unknown association 
between diuretic dosing and length of stay
Previous studies showed the relationship between higher diuretic dosing 
and WRF as well as between WRF and LOS. It remains unknown whether 
higher diuretic dosing in the early phase of hospitalization is directly 
associated with longer LOS. If WRF is a significant mediator, the statistical 
relationship between diuretic dosing and LOS should be weakened when 
both diuretic dose and WRF are included as independent variables in 
regression analysis

Unknown
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Table 1. Patient baseline characteristics

Baseline characteristics Mean or proportion Heart failure characteristics Mean, median, or proportion

Age (years) 70±15 EF (%) 36±20

Female 190 (56%) New onset HF 72 (21%)

Race  HF admission in 12 mo. 143 (42%)

Caucasian 106 (31%) Noncompliance 72 (21%)

African American 74 (22%) Beta blocker at home 238 (70%)

Hispanic 114 (33%) ACE-I or ARB at home 163 (48%)

Asian 37 (11%) AA at home 43 (13%)

Other 11 (3%) Digoxin at home 19 (6%)

BMI (kg/m2) 30±8.6 ICD 68 (20%)

Past medical history  Other predictors on presentation

Hypertension 233 (68%) Total diuretic dose in the first 72 h (mg) 668 (IQR 280–960)

Diabetes mellitus 156 (46%)  

Coronary artery disease 201 (59%) BUN (mg/dL) 31±19

Atrial Fibrillation 134 (39%) BNP (pg/mL) 777 (IQR 392–1408)

Pacemaker 49 (14%) ΔHct 1.7±2.5

Chronic kidney disease 141 (41%) Infection on presentation 62 (18%)

Stroke 50 (15%)

COPD 58 (17%)

AA - aldosterone antagonist; ACE-I - angiotensin-converting enzyme inhibitor; ARB - angiotensin receptor blocker; BMI - body mass index; BUN - blood urea nitrogen; BNP - beta-
natriuretic peptide; COPD - chronic obstructive pulmonary disease; EF - ejection fraction; HF - heart failure; ICD - implantable cardioverter-defibrillator; ΔHct - change in hematocrit in 
the first 72 h of hospitalization
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patient demographics, comorbidities, and disease severity. Other 
independent predictors of longer LOS included BUN on presen-
tation [β=0.05, 95% CI (0.01, 0.08), p=0.02] and lower EF [β=−0.04, 
95% CI (−0.07, −0.02), p=0.04]. Noncompliance [OR −2.45, 95% CI 
(−4.07, −0.82), p=0.003] was predictive of a shorter LOS. Overall, 
these factors explained 21% variations in LOS (R2=0.21).

Higher diuretic dosing and worsening renal function
Higher diuretic dosing in the first 72 h was also predictive of 

a greater reduction in eGFR, both in simple [β=0.84, 95% CI (0.46, 
1.22), p<0.001] and multiple regression analyses [β=0.73, 95% CI 
(0.41, 1.12), p<0.001]. ΔHct (β=0.71, 95% CI [0.02, 1.40], p=0.04) and 
African American descent [OR 6.02, 95% CI (1.89, 10.15), p=0.004] 

Table 2. Associations between total diuretic dose in the first 72 h and outcomes (results from simple linear and logistic 
regressions)

Outcome Variable Coefficient (β) or Standard error (S.E.) 95% CI t or Wald P

  odds ratio

Length of stay  0.46 0.069 0.32 to 0.60 6.67 <0.001

Reduction in GFR Total diuretic 0.84 0.194 0.46 to 1.22 4.35 <0.001

30-day readmission dose 1.03 0.03 0.98 to 1.09 1.32 0.25

In-hospital mortality  1.10 0.05 1.01 to 1.21 4.29 0.04

Table 3. Predictors of length of stay, reduction in eGFR, and 30-day readmissions (results from multiple linear/logistic 
regression with stepwise selection method)

Outcome

 Covariate Coefficient (β) or odds ratio* Standard error (S.E.) 95% CI t or Wald P

Length of stay

 Total diuretic dose 0.42 0.07 0.27 to 0.56 5.73 <0.001

 Ejection fraction (%) –0.04 0.02 –0.07 to –0.02 –2.08 0.04

 BUN on presentation 0.05 0.02 0.01 to 0.08 2.40 0.02

 Infection on presentation 2.74 0.90 0.96 to 4.52 3.04 0.003

 History of COPD 2.01 0.87 0.29 to 3.73 2.30 0.02

 Noncompliance –2.45 0.83 –4.07 to -0.82 –2.96 0.003

Reduction in eGFR     

 Total diuretic dose 0.73 0.18 0.37 to 1.09 4.01 <0.001

 ΔHct 0.71 0.35 0.02 to 1.40 2.03 0.04

 African American 6.02 2.10 1.89 to 10.15 2.87 0.004

 History of CKD –15.22 1.80 18.76 to –11.67 –8.45 <0.001

 ACE-I at home 3.12 1.78 –0.38 to 6.62 1.76 0.08

30-day readmissions**     

 History of stroke 2.65 0.37 1.29 to 5.38 6.98 0.008

 HF admission in 12 months 3.08 0.31 1.68 to 5.66 13.19 <0.001

In-hospital mortality**     

 Ejection fraction (%) 1.08 0.02 1.03 to 1.13 11.35 0.001

 History of DM 0.11 0.91 0.02 to 0.63 6.12 0.01

 BUN on presentation 1.05 0.01 1.03 to 1.08 15.30 <0.001

 BNP on presentation 1.00 0.00 1.00 to 1.00 10.92 0.001

 AA at home 6.13 0.90 1.06 to 35.41 4.10 0.04

*Odds ratios are given for categorical variables.
**Total diuretic dose was excluded from the final models during the stepwise selection process.
AA - aldosterone antagonist; ACE-I - angiotensin-converting enzyme inhibitor; BUN - blood urea nitrogen; BNP - beta-natriuretic peptide; COPD - chronic obstructive pulmonary 
disease; CKD - chronic kidney disease; DM - diabetes mellitus; eGFR - estimated glomerular filtration rate; HF- heart failure
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were independent predictors of WRF. On the other hand, a his-
tory of chronic kidney disease [CKD; β=−15.22, 95% CI (−18.76, 
−11.67), p<0.001] was predictive of a lower reduction in eGFR. 
Overall, these factors explained 28% variations in eGFR reduc-
tion (R2=0.28).

30-day readmissions and in-hospital mortality
In simple logistic regression analysis, total diuretic dose in the 

first 72 h was not a significant predictor for 30-day readmissions 
[OR 1.03, 95% CI (0.98, 1.09), p=0.25] or in-hospital mortality [OR 
1.10, 95% CI (1.01–1.21), p=0.04]. In multiple logistic regression 
analysis, total diuretic dose was excluded from the final mod-
els during the stepwise selection process for both outcomes. 
Instead, a history of stroke and any heart failure hospitalization 
in the past 12 months significantly predicted 30-day readmis-
sions [OR 2.65, 95% CI (1.29, 5.38), p=0.008, and OR 3.08, 95% CI 
(1.68, 5.66), p<0.001, respectively], whereas EF (β=1.08, p=0.001), 
BUN (β=1.05, p<0.001), aldosterone antagonist at home (OR 6.13, 
p=0.04), and history of diabetes mellitus (OR 0.11, p=0.01) pre-
dicted in-hospital mortality.

Relationship between diuretic dose, length of stay, and wors-
ening renal function (mediation analysis)

The regression coefficient between higher diuretic dosing 
and WRF was statistically significant [β=0.84, 95% CI (0.46, 1.22), 
p<0.001], as was the coefficient between WRF and longer LOS 
[β=0.10, 95% CI (0.06, 0.14), p<0.001]. These findings confirmed 
the previously known relationships as illustrated in Figure 2. 
The association between higher diuretic dosing and longer LOS 
[β=0.46, 95% CI (0.32, 0.60), p<0.001] in Table 2 remained statis-
tically significant even after controlling for the mediator WRF 
[β=0.39, 95% CI (0.26, 0.53), p<0.001]. The indirect effect of higher 
diuretic dosing on longer LOS was 0.07 (0.46, 0.39) and statisti-
cally significant [95% CI (0.02, 0.14)], which confirmed that WRF 
had a weak but significant mediation effect.

Discussion

In this retrospective study, higher diuretic dosing in the first 
72 h of hospitalization significantly predicted longer LOS. The co-
efficient of 0.42 indicates that LOS increases by 0.42 days when 
total diuretic dose in the first 72 h increases by a 100 mg oral fu-
rosemide equivalent. This means that an average 34 mg increase 
in daily oral furosemide could increase LOS by nearly half a day. 
This relationship remained significant even after adjustments for 
patient demographics, comorbidities, and disease severity. Thus, 
higher diuretic dosing was considered an independent predictor 
for longer LOS.

Previous studies have shown the relationship between high-
er diuretic dosing and higher eGFR reductions (6). In addition, it 
has shown that a higher reduction in eGFR increases LOS (5). 
It has not been well studied, however, whether higher diuretic 

dosing results in longer LOS, independent of WRF (Fig. 2). Our 
mediation analysis confirmed the known relationships between 
higher diuretic dosing and WRF, as well as WRF and longer LOS. 
More importantly, WRF had only a weak mediation effect on the 
relationship between higher diuretic dosing and longer LOS. 
This finding adds new knowledge to the relationships between 
diuretic dosing, WRF, and LOS, as illustrated in Figure 2. To our 
knowledge, this was also the first study to demonstrate the re-
lationship between higher diuretic dosing in the early phase of 
hospitalization and increased hospital resource utilization (i.e., 
LOS). A retrospective study conducted by Nechita et al. (9) dem-
onstrated the relationship between high diuretic dosing (furo-
semide 140 mg or greater every day) and longer LOS, however, 
because they used total intravenous furosemide administered 
during the entire hospitalization, it was not clear whether the 
initial high-dose diuretic dosing (as in the first 72 h in our study) 
would predict longer LOS.

Our study findings also provide insight into other predictors 
of LOS in acute HF patients. R2 of 0.21 indicates that only 21% 
variations in LOS could be explained by the variables included 
in the multiple regression model. This is because there are like-
ly additional factors that can affect LOS in patients with acute 
heart failure. Previous studies included various patient factors, 
laboratory data, and socioeconomic factors in developing the 
prediction model for LOS in HF patients, but the contribution of 
patient factors and laboratory data was found to be small in pre-
dicting LOS (10, 11). In fact, female gender and Medicaid status 
were shown to be predictive of longer LOS in acute heart failure 
(12-15), but they did not show significant relationship with LOS in 
our study. Further studies are needed to better understand LOS 
predictors in these complex populations with acute heart failure.

It is not surprising that our study did not find any significant 
relationship between higher diuretic dosing and 30-day read-
missions or in-hospital mortality. Factors associated with read-
missions vary across studies (16-21), but previous admission(s) 
(19-21) and history of cerebrovascular disease (21) have been 
identified as risk factors for readmissions as was found in our 
study. On the other hand, available data are conflicting for the 
relationship between high diuretic dosing and increased mortal-
ity (22, 23).

Study limitations
Our data’s generalizability is limited by its single-center ret-

rospective study design. Especially, its single-centered nature 
is notable, given our unique institutional factor of standardized 
high diuretic dosing recommendations. Our findings may not be 
reproducible in other institutions where different diuretic dos-
ing strategies are employed, and further research is needed 
to confirm their external validity. Our study findings, however, 
should not discourage any institution from implementing a high-
dose strategy; instead, this study emphasizes the importance of 
careful patient selection for high-dose diuretics in patients with 
acute heart failure.
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In addition, there could be important predictors of LOS that 
were not included in our study. Heart failure severity and comor-
bidity are known to predict longer LOS (10, 24), but we were unable 
to capture some of these factors because of inconsistent docu-
mentation in the electronic medical records. Missing factors for 
example included the New York Heart Association or American 
College of Cardiology/American Heart Association heart failure 
class, functional status on admission (12), and psychiatric comor-
bidities such as alcohol abuse, bipolar disorder, and schizophrenia, 
all of which were known to increase LOS (25). The same issue was 
applicable to WRF. Some factors were not included in this study, 
such as serum albumin or urine markers known to predict WRF 
(26). Accurate data on diuretic responsiveness, such as urine out-
put, were often missing in patient charts; therefore, they were not 
included in this study. Because retrospective chart reviews will 
likely face the similar challenges, it would be wise to use prospec-
tive data or large study registry data for future research.

Conclusion

In our retrospective analysis, higher diuretic dosing in the 
first 72 h of hospitalization was an independent predictor for lon-
ger LOS. Even though a high-dose diuretic strategy was shown 
to relieve heart failure symptoms early, our findings suggest that 
physicians should carefully select patients appropriate for a 
high-dose diuretic therapy to prevent unnecessary hospital re-
source utilization by increasing LOS.
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