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Abstract

Background Worsening heart failure (WHF) is defined as persistent or worsening symptoms of heart failure that require an
escalation in intravenous therapy or initiation of mechanical and ventilatory support during hospitalization. We assessed
a simplified version of WHF called diuretic failure (DF), defined as an escalation of loop diuretic dosing after 48 h, and
assessed its effects on mortality and rehospitalizations at 60-days.

Methods We conducted a multicenter retrospective study between December 1, 2017 and January 1, 2020. We identified
1389 patients of which 6.4% experienced DF.

Results There was a significant relationship between DF and cumulative rates of 60-day mortality and 60-day rehospitaliza-
tions (p=0.0002 and p =0.0214). After multivariate adjustment, DF was associated with longer hospital stay (p <0.0001),
increased rate of 60-day mortality (p =0.026), 60-day rehospitalizations (p =0.036), and a composite outcome of 60-day
mortality and 60-day cardiac rehospitalizations (p =0.018).

Conclusions DF has a strong relationship with adverse heart failure outcomes suggesting it is a simple yet robust prognostic
indicator which can be used in real time to identify high-risk patients during hospitalization and beyond.
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Introduction prognostic role in predicting mortality and rehospitaliza-
tions [3, 4], and has become an important clinical endpoint
in randomized controlled trials [5—11]. However, there is a

lack of standardization in its definition due to differences

Between 2001 and 2014, there were 57.4 million hospitali-
zations for acute decompensated heart failure (ADHF) [1].

During hospitalization, patients with “persistent or wors-
ening symptoms of heart failure requiring an escalation in
intravenous therapy or initiation of mechanical and ventila-
tory support” are considered to have worsening heart failure
(WHEF) [2]. Since its conception, WHF has demonstrated a
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in the modality of rescue therapy used, the timing of WHF,
and subjective assessment of symptoms present [12—-14].
Currently, there are limited studies assessing the effects
of increasing diuretic dose with or without the presence of
WHEF on heart failure outcomes. In this study, we introduce
diuretic failure (DF), which is defined as an escalation in
intravenous loop diuretic therapy after 48 h of stable dosing
regardless of the presence of WHF. In doing so, we created
a simplified prognostic marker in ADHF and assessed its
effects on length of stay, mortality, and rehospitalizations.
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Materials and methods
Study population

This was a multicenter retrospective study at a single hos-
pital system in Pennsylvania. We identified patients with
an admission and discharge diagnosis of acute decompen-
sated heart failure (ADHF), receiving intravenous diuret-
ics between October 1, 2017 and January 1, 2020. Patients’
baseline characteristics, medical history, medications, and
laboratory values were obtained using the electronic medical
record. There were 1641 patients who were eligible based
on these screening criteria. The first encounter was used for
patients with multiple admissions for heart failure. To elimi-
nate confounding disease processes, 102 patients with shock,
end-stage renal disease, cirrhosis, nephrotic syndrome, locu-
lated pleural effusions, use of intravenous fluids upon admis-
sion, and vasopressor requirement were excluded. Of those
1539 patients, 150 were excluded for receiving less than
24 h of intravenous diuretics. This was to factor out patients
who only received intravenous diuretics in the emergency
department as well as ensure adequate therapy duration for
comparison with the DF group. As a result, there were a total
of 1389 patients assessed in this retrospective study.

Definitions

Initial hospital diuretic dose was the average daily intrave-
nous diuretic dose for 48 h before escalation or de-esca-
lation of dosing occurred. Specifically, DF was defined as
an escalation of loop diuretic dosing after at least 48 h or
the use of hemodialysis. Patients who had de-escalation of
dosing followed by escalation were not considered to have
DF. Transthoracic echocardiogram findings were reported if
completed within 6 months of hospitalization. All echocar-
diogram findings were categorized into mild, mild to moder-
ate, moderate, moderate to severe, and severe.

Statistical methods

Statistical analyses were conducted in R. Two-tailed p-values
were used to assess statistical significance with values <0.05
considered statistically significant. Mean and standard devia-
tion were used for continuous variables and compared across
DF and no DF groups with the Student’s T test. Absolute
frequencies were used for categorical variables and com-
pared between groups using the chi-square test. Univariate
analysis was conducted on all patient baseline statistics and
medical history listed in Table 3 using logistic regression.
Independent predictors of DF were identified by first strati-
fying predictors according to their p-value in the univariate
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analysis, using only those with p values below 0.5. Step-
wise multivariate logistic regressions in both backward and
forward directions were then used for feature selection and
model generation. Association of DF with a length of stay,
60-day mortality, 60-day rehospitalizations, and composite
outcome of 60-day mortality and cardiac rehospitalizations,
were assessed using logistic regression with and without
adjustment for covariates. Kaplan—Meier estimates were
used to show the effects of DF on 60-day mortality and
rehospitalizations, and compared using log-rank tests.

Results
Baseline characteristics

Between October 1, 2017 to January 1, 2020 there were 1389
individuals hospitalized for ADHF. Among which 6.4% (89)
of the patients developed DF. Baseline characteristics for
patients with and without DF are summarized in Table 1.
Patients with DF were more likely to have peripheral edema,
lower systolic blood pressure, lower initial hospital diuretic
dose, higher BUN, and higher baseline creatinine (p < 0.05).
They also were less likely to have an ICD or a history of
hyperlipidemia (p < 0.05). The most common reasons for
DF included persistent overload (33%), lack of urine output
(33%), and failure of shortness of breath resolution (16%)
(Table 2).

Rate of events in patients with diuretic failure

Cumulative rate of 60-day mortality for patients with and
without DF was 19.1 and 7.08% respectively (HR 4.522,
97.5% CI1 2.01 to 10.17; p=0.0002) (Fig. 1). There was also
a significant difference in rates of 60-day rehospitalizations;
39.32% of patients with DF were readmitted in comparison
t0 26.92% of patients without DF (HR 1.639, 97.5% CI 1.08
to 2.5; p=0.0214) (Fig. 2).

Predictors of diuretic failure

Significant univariate predictors of DF included markers
of renal function (potassium, BUN, creatinine), markers of
right ventricular dysfunction (severity of pulmonary hyper-
tension and lack of right ventricle contractility on echocar-
diogram), and markers of severity of heart failure (BNP and
blood pressure) (p <0.05) (Table 3). A multivariate model
was created using gender, weight, troponin, hypertension,
presence of an ICD, initial hospital diuretic dose, use of
intravenous bumetanide, the severity of pulmonary hyper-
tension and tricuspid regurgitation, and beta-blocker or min-
eralocorticoid antagonist use. Peripheral edema was found to
be statistically significant between DF and non-DF group in
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Table 1 Baseline chafre}cter istics Variable Absence or presence of DF
of the study cohort divided
into patients with and without No DF (n=1300) DF (n=89) P value
diuretic failure
Demographic data
Age (years) 77+12 77+12 0.975
Males, n (%) 666 (51%) 53 (60%) 0.165
Weight (kg) 93+29 95+31 0.472
Risk factor
Dyslipidemia 1077 (84%) 65 (73%) 0.028
Hypertension 1180 (91%) 75 (84%) 0.068
Diabetes mellitus 603 (46%) 44 (49%) 0.654
Chronic kidney disease 774 (60%) 52 (58%) 0.924
COPD 354 27%) 22 (25%) 0.695
Peripheral vascular disease 168 (13%) 13 (15%) 0.769
CAD 709 (55%) 51 (57%) 0.691
Atrial fibrillation 642 (49%) 45 (51%) 0.916
Previous stroke 175 (13%) 8 (9%) 0.296
ICD placement 183 (14%) 5 (6%) 0.036
History of smoking 709 (55%) 46 (52%) 0.670
Objective data
Systolic blood pressure (mm Hg) 140 +25 134 +23 0.012
Ejection fraction >40% 848 (66%) 52 (60%) 0.315
Signs of HF
Peripheral edema <0.001
0 296 (33%) 13 (21%)
Trace 88 (10%) 2 (2%)
1+ 171 (19%) 6 (10%)
2+ 250 (28%) 32 (52%)
3+ 72 (8%) 8 (13%)
4+ 12 (1%) 1 2%)
Rales>1/3 100 (9%) 12 (16%) 0.106
JVP>10cm 112 (18%) 4 (10%) 0.254
Laboratory data
Serum sodium (mmol/L) 138+4 138+5 0.811
BUN (mg/dL) 27+15 35+19 <0.001
Serum creatinine (mg/dL) 1.31+0.61 1.54+0.72 0.005
Brain natriuretic peptide (pg/dL) 861818 1044 +1029 0.105
Hospital medications
Initial hospital diuretic dose (mg) 74+67 6032 <0.001

Data presented as mean and standard deviation for continuous variables and absolute frequencies for cat-

egorical variables

BUN blood urea nitrogen, CAD coronary artery disease, COPD chronic obstructive lung disease, DF diu-
retic failure, HF heart failure, /CD implantable cardioverter-defibrillator, JVP jugular venous pulse

baseline analysis (Fig. 3), but was not included in the mul-
tivariate analysis due to the lack of its documentation in the
electronic medical records: 442 patients in the cohort did not
have adequate documentation of peripheral edema severity.
For the variable to fit in the model, there would have been
a significant reduction in the sample size. In model perfor-
mance, the training set had an accuracy of 0.6924, and a
c-index of 0.8006. The predictive value of the model using

these variables had an accuracy of 0.6667 and a c-index of
0.7012 in the holdout set.

Effects of diuretic failure on outcomes
Using logistic regression, patients with DF had a

longer length of stay (p <0.0001), increased rate of
60-day mortality (p <0.0001), increased rate of 60-day
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Table 2 Clinical characteristics resulting in DF

Reason for DF (%)
Failure of SOB resolution 10(11)
Increasing BNP 1(1)
Lack of weight loss 5(6)
Lack of urine output 29 (33)
Persistent overload 30 (34)
Not documented 14 (16)
BNP brain natriuretic peptide, SOB shortness of breath
Cumulative risk of death
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Fig.1 Cumulative rate of mortality in patients with diuretic failure
through 60-days

Cumulative risk of rehospitalization

100
= 3
= ]
c 4
& ] ]'p=0 0”2
‘s ]

50
5 ] —— No diuretic failure
g ] —*~ Diuretic Failure
8 4
r ]
<4 3
o ]
0 rrrrrrrrr T T 1
0 20 40 60

Days elapsed

Fig.2 Cumulative rate of rehospitalizations in patients with diuretic
failure through 60-days

rehospitalizations (p =0.012), and an increase in com-
posite outcome of 60-day mortality and 60-day cardiac
rehospitalizations (p =0.0004) (Table 4). After adjust-
ment for covariates associated with DF, DF remained
an independent predictor of a longer hospital stay (OR
26.56, 97.5% CI 11.11 to 63.49; p<0.0001), 60-day
mortality (OR 2.07, 97.5% CI 1.06 to 3.84; p=0.026),
60-day rehospitalizations (OR 1.63, 97.5% CI 1.03 to 2.57;
p=0.036), and a composite outcome of 60-day mortality
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and cardiac rehospitalizations (OR 1.78, 97.5% CI 1.09 to
2.84; p=0.018).

Discussion

WHF has a prognostic role in predicting mortality and
rehospitalizations in numerous post-hoc analyses [11-13].
However, there is a lack of standardization in its definition
due to the reliance on subjective assessments of symptoms,
a variety of therapies used, and different timing parameters.
DF avoids these pitfalls by assessing the dosing of a sin-
gle therapy, loop diuretics, after a set time of 48 h without
requiring an assessment of heart failure symptoms. This
marker is simple to use and generalizable to nearly all hos-
pitalized patients with heart failure, as loop diuretics are a
standard of care for decongestion [14]. Because of its ease
of use, this could be applied in real-time during a hospi-
talization to identify patients who could benefit from more
intensive monitoring and follow-up.

The primary finding of this study is that DF has a strong
association with adverse heart failure outcomes including
length of stay, 60-day mortality, 60-day rehospitalizations,
and a composite outcome of 60-day mortality and cardiac
rehospitalizations (p <0.05). These findings are consistent
with the broader literature on WHF [3, 4] and lack of diu-
retic response [15, 16] as a whole.

Notable univariate predictors of DF were markers of kid-
ney dysfunction and right ventricular dysfunction: increas-
ing BUN, creatinine, baseline potassium, pulmonary hyper-
tension and tricuspid regurgitation, the severity of peripheral
edema, decreasing eGFR, right ventricular contractility, and
initial hospital diuretic dose. Patients with markers of right
ventricular dysfunction are more likely to have venous con-
gestion, renal dysfunction, and cardiorenal syndrome [17,
18]. As a result, they may require larger doses of diuretics
due to renal dysfunction, increased neurohormonal response,
and nephron remodeling [19]. Interestingly, the use of beta-
blockers was an important component of the univariate and
multivariate model, and was associated with an increased
risk of DF. The negative inotropic effects from beta-blockers
could potentiate the poor response to diuretics and cause
DF [19].

We examined potential confounders of patient groups
with disease severity, as indicated by a set of clinical vari-
ables. There was a statistically significant difference in
the presence of peripheral edema of patients with and
without DF (p <0.001). 62% of patients without DF had
1 + peripheral edema or less compared to only 33% in
the DF group. The driving force behind the significant
difference is primarily the absence of peripheral edema
in patients without DF. Jugular venous pulse, one of the
most sensitive and specific markers for elevated right and
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Tablg 3 UnivariaFe and Variable Univariate model P value Multivariate model P value
rr.lultl\./arla.te predictors of OR (97.5% CI) OR (97.5% CI)
diuretic failure
Demographic data
Male gender 1.40 (0.91-2.18) 0.134 1.81 (1.00-3.34) 0.052
Weight (kg) 1.00 (1.00-1.01) 0452  1.01 (1.00-1.02) 0.025
Objective data
Systolic blood pressure (mm Hg) 0.99 (0.98-1.00) 0.017
Peripheral edema 1.57 (1.23-1.99) <0.001
Risk factor
Dyslipidemia 0.56 (0.35-0.93) 0.021
Hypertension 0.54 (0.31-1.03) 0.048 0.36 (0.17-0.82) 0.010
ICD placement 0.36 (0.13-0.82) 0.030 0.30 (0.07-0.89) 0.057
Laboratory data
Serum sodium (mmol/L) 1.01 (0.96-1.06) 0.794
Serum potassium (mmol/L) 1.52 (1.05-2.17) 0.023
BUN (mg/dL) 1.03 (1.01-1.04) <0.001 1.03 (1.01-1.05) <0.001
Creatinine (mg/dL) 1.60 (1.19-2.09) 0.001
Baseline troponin (ng/mL) 1.17 (1.00-1.45) 0.057 1.22 (1.01-1.67) 0.108
Brain-natriuretic peptide (pg/dL) 1.00 (1.00-1.00) 0.046
eGFR (mL/min/1.73 m?) 0.98 (0.97-0.99) 0.005
Home medications
ACE-I or ARB 0.71 (0.46-1.08) 0.112
Beta-blocker 1.74 (0.91-3.78) 0.123 3.43(1.33-11.78) 0.234
MRA 0.59 (0.28-1.29) 0.128 0.52 (0.18-1.23) 0.168
Home diuretic dose (mg) 1.01 (1.00-1.01) 0.022
Echocardiographic data
Ejection fraction 0.99 (0.98-1.00) 0.125
Right ventricular contractility 1.26 (0.99-1.55) 0.042
Aortic stenosis 0.98 (0.82-1.13) 0.761
Aortic regurgitation 0.85 (0.65-1.08) 0.222
Mitral stenosis 1.00 (0.69-1.33) 0.978
Mitral regurgitation 0.85 (0.65-1.08) 0.222
Tricuspid regurgitation 1.22 (1.04-1.42) 0.015 1.37 (1.10-1.69) 0.004
Pulmonary hypertension 1.22 (1.08-1.38) 0.002
Hospital medications
Initial hospital diuretic dose (mg) 0.99 (0.98-1.00) 0.015 0.99 (0.98-1.00) 0.007
Use of IV bumetanide (mg) 1.93 (0.78-4.11) 0.114 2.51 (0.90-6.22) 0.059

ACE-I angiotensin—converting enzyme—inhibitor, ARB, angiotensin receptor blocker, BUN blood urea
nitrogen, eGFR estimated glomerular filtration rate, /CD implantable cardioverter—defibrillator, /V intrave-
nous, MRA mineralocorticoid receptor antagonist, OR odds ratio

left-sided filling pressures, was not significantly different
among the groups (p =0.254) [20].

A notable limitation to our retrospective study is the
limited sample size of patients experiencing DF: 89 of
1389 (6.4%). As mentioned above, the lack of integration
of peripheral edema in the multivariate analysis due to the
lack of documentation of it in the EHR is another limi-
tation. Furthermore, this was a multicenter retrospective
study in Pennsylvania, and its findings may not be general-
izable to other populations. Additionally, DF only factored

increases in loop diuretic dosing and not adjunct therapy
like thiazide diuretics, mineralocorticoid antagonists.

In conclusion, DF is a simple yet potent prognos-
tic marker for adverse heart failure outcomes including
length of stay, mortality, rehospitalizations, and a com-
posite outcome of mortality and cardiac rehospitalizations
at 60-days. Markers of renal dysfunction as well as right
ventricular dysfunction may help identify patients who
may be at risk for DF. Given its association with poor
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Fig.3 Box plot comparing DF
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Table 4 Association between
diuretic failure and outcomes

Outcomes Presence of DF

Unadjusted OR (97.5% CI) P value  Adjusted® OR (97.5% CI) P value
Length of stay 39.43 (16.52-94.11) <0.001 26.56 (11.11-63.49) <0.001
60-day mortality 3.10 (1.71-5.37) <0.001 2.07 (1.06-3.84) 0.026
60-day rehospitalizations 1.76 (1.12-2.73) 0.012 1.63 (1.03-2.57) 0.036
60-day mortality or car- 2.26 (1.43-3.52) <0.001 1.78 (1.09-2.84) 0.018

diac rehospitalizations

?Adjusted for covariates found through stepwise multivariate logistic regression: gender, weight, hyperten-
sion, ICD placement, BUN, baseline troponin, beta blocker, MRA, tricuspid regurgitation, initial hospital
diuretic dose, and use of intravenous bumetanide

CI confidence interval, DF diuretic failure, OR odds ratio

short-term outcomes, these patients should be identified
and may benefit from earlier and more intensive follow-up.
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