Clinical Investigations

Patterns of diuretic titration during inpatient &
management of acute decompensated heart
failure

Griffin Bullock, MD*?, Joshua A. Jacobs, PharmD "“*, Jessica R. Carey, PharmD , Irene Z. Pan, PharmD*,
M. Shea Kinsey, PharmD, MBA, MHSA, MS ¢, Konstantinos Sideris, MD 9, Chris J. Kapelios ¢, Josef Stehlik, MD,
MPH ¢, James C. Fang, MD ¢, Sandeep Das, MD, MPH, MBA ¢, and Spencer J. Carter, MD ¢

ABSTRACT

Introduction Hospitalization rates for acute decompensated heart failure (ADHF) have increased, resulting in 6.5
million hospital days annually. Despite this, optimal diuretic strategies for managing ADHF remain unclear, highlighting the
need to analyze diuretic practice patterns in ADHF treatment.

Methods We performed a retrospective cohort analysis of adults hospitalized for ADHF, regardless of left ventricular
ejection fraction (LVEF) between January 1, 2014 and December 21, 2021 at a large, quaternary healthcare system to
determine diuretic practice patterns. We performed multivariable regression analyses to assess time to initial, second, and
maximum diuretic therapy with hospital length of stay (LOS) and 30-day readmission.

Results Among 4,298 adults admitted for ADHF (mean age 63 years, 62 % male, 52 % LVEF <40 %) median time to
max diuretic therapy was 1.8 (0.7, 3.8) days. Median time to initial IV loop diuretic dose was 3.6 (2.1, 6.5) hours, while
time to second dose of IV loop diuretic dose was 10.2 (6.3, 15.1) hours. Time to initial IV loop diuretic, time to second IV
loop diuretic dose, and time to maximum diuretic therapy were all positively associated with increased LOS but were not
associated with 30-day readmission. There was wide variation in loop diuretic escalation strategies and use of sequential
nephron blockade.

Conclusion There was wide variation in diuretic strategies at a single academic medical center. Increased time to initial
IV loop diuretic, time between diuretic doses, and longer time to max diuretic therapy were associated with increased LOS
but were not associated with 30-day readmission suggesting different diuretic strategies may affect patient outcomes and

warrant dedicated investigation in the future. (Am Heart ] 2025;282:30-39.)

Background

There are more than 6.5 million people in the US with
heart failure (HF) with an expected 8.7 million by 2030."
The number of heart failure hospitalizations increased
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from 2008 to 2018 exceeding 1.2 million admissions an-
nually in 2018.? The burden of HF on the medical system
is increasing with direct medical costs projected to reach
$52 billion USD by 2030, with hospitalizations making
up at least half of this amount.’ Inadequate diuretic re-
sponse is an independent predictor of readmission and
mortality in acute decompensated heart failure (ADHF),
yet up to 50 % of patients have residual congestion at
discharge.© Identifying optimal diuretic strategies is im-
portant to reduce readmissions and mortality while po-
tentially decreasing length of stay (LOS) for patients with
ADHE
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Randomized trials have demonstrated the efficacy of
some strategies for reducing congestion such as higher
dose initial IV loop diuretic,”® continuous loop diuretic
infusion,”” and the use of sequential nephron block-
ade, including the use of hydrochlorothiazide,'® aceta-
zolamide'' and metolazone.'? Additionally, there is an
association with decreased time to IV diuretic and im-
proved clinical outcomes such as LOS and mortality.!?
Despite this, there is a lack of clarity regarding which
strategies are optimal, this is reflected in the lack of clear
recommendations in the 2022 American College of Cardi-
ology/American Heart Association HF guidelines for the
treatment of ADHE!? Furthermore, real-world diuretic
strategies are not well described.

This gap in the literature underscores the need for a
detailed analysis of current diuretic practices. Therefore,
we sought to perform a descriptive analysis to assess
diuretic practice patterns in the treatment of ADHF at
our institution, including timing, dosing, and strategy uti-
lized. Additionally, we aimed to evaluate the association
between time to diuretic use and titration with clinical
outcomes such as hospital LOS and 30-day readmission
rates. By better understanding these diuretic patterns,
we hope to inform future targets and benchmarks for di-
uretic use in the management of ADHE

Methods
Study design

We performed a retrospective cohort analysis of adults
>18 years old hospitalized for ADHF between January 1,
2014 and December 21, 2021 at the University of Utah
Hospital, a large, quaternary healthcare system. All pa-
tients with a primary discharge ICD9/10 code (Supple-
mentary Table 1) corresponding with ADHF were iden-
tified. This population included patients across the left
ventricular ejection fraction (LVEF) spectrum. Exclusion
criteria included end-stage renal disease (ESRD), not re-
ceiving an IV loop diuretic in the first 24 h of admission,
and only receiving a single dose of IV loop diuretic dur-
ing admission.

Trained personnel abstracted and recorded data includ-
ing patient demographics, past medical history, medi-
cations, examination and laboratory results, in-hospital
treatment, hospital characteristics, and hospital LOS in
a local heart failure registry. Additional information on
clinicians, home medications, and inpatient medication
dosing were abstracted from the local electronic health
record (EHR) and linked to our heart failure population.
The local institutional review board deemed the study
exempt status.

Definitions

All loop diuretics were calculated as IV furosemide
equivalents (FEs) based on the following conver-
sions: bumetanide 1 mg oral/IV = torsemide 20 mg
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oral/IV = furosemide 80 mg oral = furosemide 40 mg
s

The prior to admission (PTA) medication list recorded
in the EHR is collected by trained personnel and verified
by a clinical pharmacist upon admission. Home oral loop
diuretics were identified on the PTA medication list and
the dose abstracted.

Outcomes

IV loop diuretic dose

IV loop diuretics were administered via 3 strategies:
IV bolus, continuous IV infusion, or IV bolus combined
with a continuous IV infusion. To directly compare these
strategies to determine a maximum level of diuretic ther-
apy we converted each strategy to FEs. For IV bolus this
is a direct conversion of the dose to FEs. For continu-
ous infusion, we calculated the total dose administered
over a fixed 8-hour interval and converted this to FEs, as
this aligns with typical bolus dosing intervals. The fixed
8-hour period was used consistently, accounting for vari-
ations in infusion rates or interruptions. When a patient
was being treated with a continuous infusion and a bolus
dose was then administered on top of the infusion the
equivalent bolus dose and continuous loop dose in FEs
were summed. When a bolus dose was administered at
the initiation of a continuous infusion, they were treated
as separate events as the continuous infusion would not
be contributing significantly to serum diuretic levels at
the time of the bolus. The maximum IV loop diuretic
dose was defined as the highest total FE dose adminis-
tered as a single dose, which included the fixed 8-hourt
interval for continuous infusions, during the admission.

Sequential nephron blockade

Chlorothiazide, metolazone (thiazide-like diuretics)
and acetazolamide were considered sequential nephron
blockade (SNB) for the purposes of our analysis. Hy-
drochlorothiazide and chlorthalidone were infrequently
used (80 patients, 1.9 %) and were home medications
continued at admission in the majority of admissions.
Spironolactone was not included, as the AHA/ ACC HF
guideline recommends its use regardless of volume sta-
tus. 1416

Diuretic dosing time intervals

Time to initial IV loop diuretic was defined as the inter-
val from hospital arrival to the initial administration of an
IV loop diuretic. IV loop diuretic duration was calculated
from the initial to the last administration of the IV loop
diuretic. If the final administration was via continuous IV
infusion, the initiation of the last bag was considered the
final administration time, as the exact completion time of
the infusion was not reliably accessible within the EHR.

Time to maximum IV loop diuretic was defined as the
time from initial IV loop diuretic dose to the administra-
tion of the maximum dose during the admission. While
timing of actual maximum serum levels of loop diuretic
is variable across patients who received continuous in-
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fusion, the initiation of continuous infusion was used in
this calculation. Time to SNB was the interval from ini-
tial IV loop diuretic dose to the first administration of
a thiazide-like diuretic or acetazolamide. Time to maxi-
mum diuretic therapy was the time from initial IV loop
diuretic dose to the maximum dose of IV loop diuretic or
the addition of all SNB agents used, whichever occurred
last. Time to escalation was the interval from initial IV
loop diuretic dose to an escalation in diuretic therapy,
either by administering a higher IV loop dose than the
initial dose or by adding an SNB agent.

Length of stay and hospital readmission

Hospital LOS was defined as the number of midnights
during the patient’s admission. 30-day readmission was
defined as any readmission within 30 days of discharge
from the initial encounter. We conducted 2 sensitivity
analyses: 1) excluding patients with cardiogenic shock
and 2) including only patients admitted through the
emergency department.

Subgroup analyses

We defined 4 separate broad clinical course strategies:
(1) unchanged IV loop diuretic therapy for the duration
of admission, (2) unchanged IV loop diuretic with the ad-
dition of SNB, (3) escalating IV loop diuretic doses dur-
ing admission, and (4) both escalating IV loop diuretic
and addition of SNB. A continuous IV loop infusion was
not deemed escalation of therapy if the total amount of
loop diuretic over 8 h of infusion was equivalent to the
bolus doses previously administered. This also applied to
changes between different loop diuretic agents.

Covariates

Patient characteristics were collected from our local
registry of HF patients including baseline demographics,
vital signs, laboratory values, past medical history, con-
comitant guideline-directed medical therapy (GDMT),
HF etiology (ischemic vs. nonischemic), LVEE and pa-
tient origin of admission. Provider characteristics and
home and initial hospital diuretic doses were collected
from the EHR. Loop diuretics were categorized into avail-
able products of furosemide, bumetanide, or torsemide.
Origin of admission was categorized as emergency de-
partment, transfer from outside facility, or direct admis-
sion from clinic. Admitting service was defined by attend-
ing physician, categorized as cardiology or noncardiol-
ogy services.

Statistical analysis

Baseline summary statistics were reported as N (%) for
categorical variables and mean + standard deviation (SD)
or median (interquartile range [IQR]), as appropriate,
for continuous variables. Data management and graph-
ical analysis were performed using a standard software
package permitting the use of Python 3 and SQL.

We performed binomial regression analyses, both un-
adjusted and adjusted, to assess the association between
hospital LOS and the following time variables: time to
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initial IV diuretic dose, time to second IV diuretic dose,
and time to maximum therapy. Adjustments were made
for age, sex, race, ethnicity, estimated glomerular filtra-
tion rate (eGFR), admitting service, home loop diuretic
use and dose, and ejection fraction. Additionally, we per-
formed logistic regression analyses, both unadjusted and
adjusted, to examine the association of the same time
variables with 30-day readmission rates. Two-sided hy-
pothesis tests were used with a significance level of 0.05.
Statistical analyses were performed in R version 4.3.2 (R
Foundation).

Results
Baseline characteristics

A total of 5,350 ADHF admissions were identified be-
tween January 1, 2014 and December 21, 2021. After
excluding patients with ESRD (V = 435), patients who
did not receive IV loop diuretic within 24 h of arrival
(N = 395), and patients who received a single dose
of IV loop diuretic (N = 222) a total of 4298 patients
were included in the study (Figure 1). The mean age was
63.3 £ 16.0 years, 62.0 % were male, and 76.3 % were
Non-Hispanic White (Table 1). Of those included, 68.3 %
were admitted to a cardiology service, 53.1 % were ad-
mitted from the emergency department. The mean LVEF
was 40.9 % £+ 19.2 and 2,220 (51.7 %) patients had LVEF
<40 %. There were 1,394 (32.4 %) patients who were
not on oral loop diuretic therapy at the time of admis-
sion. Of the 2,904 patients on oral loop diuretic at admis-
sion 1,771 (61.0 %) were taking furosemide, 722 (24.9 %)
were taking torsemide, and 411 (14.2 %) were taking
bumetanide. The median dose was 30 (20, 80) FEs with
1,447 (49.8 %) patients taking >40 FEs (Table 1).

Diuretic strategies
IV loop diuretic dosing

There were 3,743 (87.1 %) patients who received
furosemide as initial IV loop diuretic and 555 (12.9 %)
patients received bumetanide as initial IV loop diuretic.
Over the course of admission 1,083 (25.2 %) received IV
bumetanide at any point. The median initial IV loop di-
uretic dose was 40.0 (40.0, 80.0) mg FE and the median
max IV loop diuretic dose was 80.0 (40.0, 120.0) mg FE
(Table 2).

Continuous IV infusion loop diuretic use

Overall, 529 (11.7 %) of patients received a continuous
IV infusion loop diuretic. Of those, 303 (57.2 %) patients
received the infusion within the first 48 h of IV loop di-
uretic therapy with a median time to initiation of 1.3 (0.1,
4.1) days and a median duration of 3.5 (1.4, 7.5) days.
The median bolus dose of IV loop diuretic prior to initia-
tion a continuous infusion was 80 (80, 120) mg FEs with
a median starting infusion rate of 20 (10, 40) mg/hour
FEs (Supplementary Figure 1). Bumetanide infusion was
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Table 1. Baseline demographics and clinical factors
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N (%)
(N = 4,298)

Sex
Male
Female
Age
Race and ethnicity
American Indian or Alaska Native
Asian
Black or African American
Native Hawaiian or Pacific Islander
Undetermined
White, non-Hispanic ethnicity
Hispanic Ethnicity
Admitting service
Cardiology
Noncardiology
Point of origin
Direct admit
Clinic
Transfer from outside hospital
Emergency department
Unknown
Comorbidities (at admission)
Atrial fibrillation/flutter
Coronary artery disease
Prior PCI
Diabetes mellitus
Hyperlipidemia
Hypertension
eGFR
BMI (kg/m?), mean
BMI <30
BMI 30-34
BMI 35-39
BMI > 40
Home loop diuretic (prior to admission)
No loop diuretic
Furosemide
Bumetanide
Torsemide
Home loop diuretic dose (prior to admission)
Taking oral loop diuretic at admission
Home loop diuretic dose (FE)
>40 mg FEs
Heart failure management
Known HF prior to admission
LVEF, mean %
LVEF <40 %
LVEF >40 % and <50 %
LVEF =50 %
Unknown
Listed for heart transplant

Cardiogenic shock (mechanical support, inotrope, vasopressor, IV vasodilator during

admission)

LVAD

ICD

CRT

BB prior to admission
ACEI/ARB prior fo admission
ARNI prior to admission
MRA prior to admission

2,663 (62.0)
1,635 (38.0)
633+ 16.0

90 (2.1)

61 (1.4)

194 (4.5)
90 (2.1)

235 (5.5)
3,279 (76.3)
349 (8.1)

2,939 (68.3)
1,359 (31.7)

334 (7.8)
777 (18.1)
741 (17.2)
2,281 (53.1)
165 (3.8)

1,690 (39.3)
1,458 (34.0)
785 (18.3)
1,714 (39.9)
1,906 (44.3)
3,038 (70.7)
62.5+26.4
33.8+11.2
1.894 (44.1)
878 (20.4)
539 (12.5)
965 (22.5)

1,394 (32.4)
1,771 (41.2)
411 (9.6)
722 (16.8)

2,904 (67.6)
30 (20, 80)
1,447 (49.8)

3,345 (77.8)
40.9 £19.2
2,220 (51.7)
407 (9.5)
1,648 (38.3)
23 (0.5)

68 (1.6)

988 (23.0)

102 (2.4)
850 (19.8)
481 (11.2)
2,406 (56.0)
1,215 (44.0)
120 (2.8)
1,128 (26.2)

ACEl, angiotensin-converting-enzyme inhibitor; ARB, angiotensin Il receptor blocker; BB, beta-blocker; BMI, body mass index; ARNI, angiotensin receptor/neprilysin
inhibitor; CRT, cardiac resynchronization therapy; FE, IV furosemide equivalent; HF, heart failure; ICD, implantable cardiac defibrillator; LVAD, left ventricular assist

device; LVEF, left ventricular ejection fraction; MRA, mineralocorticoid receptor antagonist; PCl, percutaneous coronary intervention.
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Figure 1. Consort diagram.
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Adults admitted for acute decompensated
heart failure to the hospital occurring after
January 1st, 2014 until December 218,
2021 as identified by primary ICD code for
corresponding with ADHF

N = 5,350
Excluded
End stage renal
disease/dialysis
(N =435)
=P |V diuretics started >24 hours
after hospital arrival
(N =395)
Received only 1 dose of IV loop
diuretic
(N =222)
A 4
Final Cohort
N = 4,298

used more often to achieve doses exceeding 20 mg/hr
compared to furosemide.

Sequential nephron blockade use

SNB with a thiazide-like diuretic and/or acetazolamide
was used in 1,520 (35.4 %) patients with 304 (7.1 %)
receiving acetazolamide and 1,449 (33.7 %) receiving a
thiazide-like diuretic during the admission. The median
time to SNB was 1.8 (0.7, 3.6) days with 1.7 (0.7, 3.6)
days for administration of thiazide-like diuretic and 4.8
(2.6, 9.2) days for administration of acetazolamide. The
median dose of IV loop diuretic prior to initiation of a
thiazide-like diuretic was 80 (80, 160) mg of FEs (Sup-
plementary Figure 2). As maximum IV loop diuretic dose
exceeded 100 mg, the use of SNB with a thiazide-like di-
uretic increased (Supplementary Figure 3).

Diuretic dosing intervals

The median duration of IV loop diuretic was 3.1 (1.7,
5.8) days. There were 1605 (37.3 %) patients whose max-
imum dose of IV loop diuretic therapy was the initial
dose, 2,238 (52.1 %) patients had an escalation of IV loop
diuretic dose during admission with a median time to
maximum IV loop diuretic of 1.4 (0.6, 2.9) days. There
were 2,693 (62.7 %) who had escalation of overall di-

uretic therapy with a median time to maximum total di-
uretic therapy of 1.8 (0.7, 3.8) days (Table 2). As max-
imum loop diuretic dose increased, time to maximum
loop diuretic dose also increased (Figure 2). Of the 1,520
(35.4 %) patients who received SNB, 19.2 % received it
before IV loop escalation.

For the 2,693 (62.7 %) patients receiving escalated di-
uretic therapy the median time to initial escalation was
0.8 (0.3, 1.7) days with 39.7 % and 20.2 % not receiv-
ing increased therapy for at least 24 h and 48 h, respec-
tively. If the first escalation of diuretic was an increase in
IV loop diuretic dose, the median dose change was 40.0
(20.0, 40.0) mg FE (Table 2).

The time to initial IV loop diuretic dose from hospital
arrival was 3.6 (2.1, 6.5) hours. There were 73 (1.7 %) pa-
tients who received oral loop diuretic prior to receiving
IV loop diuretic. The majority of IV loop diuretic ther-
apy was initiated in the afternoon between the hours
of 1600 and 2000, whereas the second dose tended to
occur between the hours of 0800 and 1000 the next
morning (Figure 3). The median time between the first
and second IV loop diuretic dose was 10.2 (6.3, 15.1)
hours with 1743 (40.2 %) patients receiving the sec-
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Figure 2. Time to max loop diuretic dose for those receiving dose escalation stratified by maximum loop dose.
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Table 2. Clinical characteristics of diuretic strategies and hospitalization for patients admitted acute decompensated heart failure

Median (IQR)
Length of stay (d) 5(3,9)
IV loop diuretic duration (d) 3.1(1.7,5.8)
Time to IV loop diuretic from arrival (h) 3.6 (2.1, 6.5)
Time to second IV loop diuretic dose (h) 10.2 (6.3, 15.1)
No oral loop diuretic at admission (N, %) 1,394 (32.4)
Home oral loop diuretic dose at admission if on diuretic (FE) 30 (20, 80)
Initial IV loop diuretic dose (FE) 40 (40, 80)
Max IV loop diuretic (FE) 80 (40, 120)
IV loop diuretic therapy without any escalation (N, %) 1,605 (37.3)
Any diuretic escalation (N, %) 2,693 (62.7)
Time to max total diuretic therapy (d) 1.8 (0.7, 3.8)
Time to first diuretic escalation (d) 0.8(0.3,1.7)
IV loop diuretic escalation (N, %) 2238 (49.5)
Time to max IV loop diuretic (d) 1.4 (0.6, 2.9)
Time to first loop diuretic escalation (d) 0.8(0.4,1.7)
Transitioned to oral diuretic then required additional IV loop 516 (12.0)
IV loop decreased and then subsequently increased 818 (19.0)
Use of continuous IV loop infusion (N, %) 529 (11.7)
Time to continuous IV loop infusion initiation (d) 1.3 (0.1, 4.1)
Last IV loop diuretic dose prior to continuous IV loop initiation (FE) 80 (80, 120)
First dose of continuous IV loop infusion (FE/h) 20 (10, 40)
Duration of continuous IV loop diuretic infusion (d) 3.5(1.4,7.5)
Use of thiazide of thiazide-like diuretic (N, %) 1,449 (33.7)
Time to thiazide diuretic initiation (d) 1.7 (0.7, 3.6)
Last IV loop diuretic dose prior to thiazide initiation (FE) 80 (80, 160)
Use of acetazolamide (N, %) 304 (7.1)
Time to acetazolamide initiation (days) 4.8 (2.8,9.2)

ond dose more than 12 h following the first dose and
543 (12.6 %) patients more than 18 h after the first
dose.

There were 516 (12.0 %) patients who, after initially
receiving IV loop diuretics and being transitioned to oral
loop diuretics, were restarted on IV loop diuretics during
admission. There were 818 (19.0 %) patients who had
their IV loop diuretic dose decreased and then later in-
creased on subsequent doses (Table 2).

Length of stay and 30-day readmission

The overall median hospital LOS was 5.0 (3.0, 9.0) days
with increased time to initial diuretic therapy (relative
risk [RR] 1.38, 95 % confidence interval [CI] 1.23, 1.54),
time to second IV diuretic dose (RR 1.17, 95 % CI 1.12,
1.21), and time to max therapy (RR 1.08, 95 % CI 1.07,
1.08) associated with increased hospital LOS (Table 3).
Overall 30-day readmission occurred in 946 (22.0 %) of
patients. There was no association between time to ini-
tial, time to second, or time to maximum diuretic therapy
with 30-day readmission.

In sensitivity analyses, results were qualitatively similar
in patients with and without cardiogenic shock and pa-
tients admitted through the emergency department (Sup-
plementary Tables 2 and 3). Findings were similar when
looking at patients who received continuous loop IV in-
fusions (Supplementary Table 4).

Subgroup analysis

Among the patients, 1,605 (37.3 %) received an un-
changed IV loop diuretic dose with no SNB (Group 1),
1,173 (27.3 %) received an increased IV loop diuretic
dose with no SNB (Group 2), 455 (10.6 %) received an
unchanged IV loop diuretic dose with SNB (Group 3),
and 1,065 (24.8 %) received an increased IV loop di-
uretic dose with SNB (Group 4). Median IV loop dura-
tion was 1.9 (1.0, 3.3) days for Group 1, 2.8 (1.7, 4.6)
days for Group 2, 4.5 (2.6, 7.6) days for Group 3, and 7.0
(3.9, 13.9) days for Group 4. The rate of inotrope, IV va-
sodilator, vasopressor, and mechanical support use was
12.6 % in group 1, 15.0 % in group 2, 28.4 % in group 3,
and 45.2 % in group 4. Patients receiving SNB (groups 3
and 4) were more likely to have received these therapies
(P < .001). LOS was 4 (3, 6) days for Group 1, 5 (3,7)
days for Group 2, 7 (5, 12) days for Group 3, and 10 (6,
18) days for Group 4 (Supplementary Table 5).

Discussion

We identified 3 main key findings from our analysis.
First, there was wide variation in how diuretics were em-
ployed in the treatment of ADHE Next, there were vari-
able rates and timing of escalations and initial and repeat
dosing of diuretics regardless of diuretic strategy. Lastly,
there was an association between increasing time to ini-
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Table 3. Associafion between timing of diuretic therapy with hospital length of stay and 30-day readmission
Unadjusted Adjusted
Length of stay (days) RR (95 % Cl) RR (95 % Cl)
Time to initial diuretic (h) 1.10 (1.09, 1.10) 1.38 (1.23, 1.54)
Time to second diuretic (h) 1.18 (1.04, 1.35) 1.17 (1.12, 1.21)
Time to max diuretic therapy (h) 1.11 (1.06, 1.16) 1.08 (1.07, 1.08)
30-day readmission OR (95 % Cl) OR (95 % Cl)
Time to initial diuretic (h) 0.83 (0.56, 1.23) 0.94 (0.63, 1.40)
Time to second diuretic (h) 0.86 (0.72, 1.03) 0.88 (0.74, 1.05)
Time to max diuretic therapy (h) 1.02 (1.00, 1.04) 1.01 (0.99, 1.03)

Analyses were adjusted for age, sex, race, ethnicity, home diuretic use and dose, eGFR, and LVEF. Maximum loop dose was included in the adjusted time to maximum
diuretic analyses. eGFR, estimate glomerular filtration rate; LVEF, left ventricular ejection fraction; OR, odds ratio; RR, relative risk.

tial, second, and maximum diuretic therapy and longer
LOS.

Heterogeneity in timing of diuretics and diuretic strate-
gies for patients with ADHF was prevalent within the
current analysis. For example, IV loop diuretic doses at
the time of SNB addition ranged from 20 to 640 mg.
When escalation of therapy occurred, strategies included
increased loop diuretic dose without addition of SNB, ad-
dition of SNB without an increase in loop diuretic, and
increased IV loop diuretic doses in addition to SNB, ul-
timately suggesting large variability within clinical prac-
tice. This phenomenon was also observed with the use
of continuous IV loop diuretic infusions. Over one-third
of patients who received continuous loop diuretic were
started on this therapy at doses <10 mg of FE/hr while
over half were started at doses >40 mg of FE/hr. Our
patient population is younger (mean age 63 years) com-
pared to those in trials investigating diuretic strategies,
such as ADVOR, PUSH-AHE, and ENACT,!!-!7-!8 likely re-
flecting our status as a tertiary referral center for ad-
vanced heart failure serving a large rural and frontier
population, with multistate referrals and a significant
proportion of patients evaluated for advanced therapies.
Despite demographic differences, our median hospital
length of stay (LOS) of 5 days (AQR: 3-9 days) is com-
parable to the national median of 4 days (IQR: 3-7 days)
reported in the American Heart Association’s Get With
The Guidelines-Heart Failure registry'® and aligns closely
with the 5.8 days (AQR: 3.7-9.6 days) reported in the
more contemporary TREAT-AHF analysis.?’ However, the
variation in diuretic practices highlights the lack of con-
sensus on the optimal diuretic management of the same
condition, and potentially the same patients, across clin-
icians, even within a single institution. Whether these
different approaches lead to different outcomes is un-
known, especially when considering the different thresh-
olds accompanying their use.

Variability in practice has been shown in the work
of others, including Zheng et al*’ and Greene et al.’!
Recently, trials have been performed investigating the
safety of early SNB including hydrochlorothiazide in
CLOROTIC'2/26/2024 2:02:00 PM and acetazolamide in

ADVOR,!! demonstrated these agents increase diuresis
when added to a loop diuretic. The same was shown
for metolazone in the recently published DEA-HF trial,'?
though at higher doses of loop diuretic. However, no
comparative trials exist at this time comparing different
diuretic strategies incorporating SNB use in patients with
diuretic resistance and ADHF to determine ideal timing
or threshold of administration compared to or in combi-
nation with IV loop diuretic escalation. This is an area
ripe for larger, multicenter trials.

We also identified a pattern of delayed dose timing and
escalation. Over 40 % of patients received their second
dose of IV loop diuretic more than 12 h following their
initial dose, while 12 % of those did not receive a second
dose for at least 18 h. The timing of dose administration
was often centered around the first doses given between
1600 and 2000 and second doses between 0800 and
1000 the following day. This pattern likely reflects a de-
cision to forgo diuresis while patients are sleeping, com-
bined with further deferral until the patient is seen on
rounds the next day. Similarly, potential delays in achiev-
ing the appropriate escalation of diuretic therapy were
observed, with time to the first escalation of diuretic
therapy being >24 h for about 40 % of patients and >48
h for about 20 % of patients. Timely assessment of di-
uretic response may be challenging due to shift changes,
leading to greater responsibility for fewer clinicians, as
many patients receive their initial IV loop diuretic in the
afternoon or evening. Additionally, many patients change
locations during the first hours of their admission, which
could result in incomplete data for the responsible clini-
cian complicating their decision. At an academic center,
residents may also be hesitant to make changes in ther-
apy prior to rounds. Standardized measures to promote
timely volume status and diuretic response assessments
combined with clear guidelines for timing and adjust-
ment of diuretic doses may help to remedy these delays
in therapy.

Use of algorithms may prove useful to drive opti-
mization of initial and maximally effective diuretic use
while increasing the consistency of provided care. The
Yale diuretic pathway, utilizing urine sodium and crea-
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tinine as a guide with nurse led titration, demonstrated
safety and efficacy of escalating diuretic therapy rapidly
and aggressively resulting in increased weight loss and
daily urine output in select patients.?? Similarly, urine
sodium guided management in ENACT-HF and PUSH-AHF
showed safety and efficacy of an aggressive diuretic pro-
tocol resulting in increased urine output and shorter
length of stay.!”>'® Our data also suggest an associa-
tion between shorter time to maximum diuretic and de-
creased LOS, though we do not have urine output or
weight loss data to attempt to look at the relative efficacy
of dosing as these studies have done. It is intuitive, how-
ever, that reducing congestion quicker results in shorter
hospitalizations for symptoms driven by congestion. In
sensitivity analyses, both among patients without cardio-
genic shock and those admitted through the emergency
department, the results were reassuringly similar. This
consistency suggests there is benefit in optimizing di-
uretic strategies even among patients with less severity
of illness and regardless of location prior to admission.
Diuretic protocols have the potential to reduce thera-
peutic inertia by side-stepping human factors such as
shift change, cross-cover, and reliance on attending in-
put. The inclusion of easy to interpret biomarkers such
as urine sodium are synergistic with these protocols, al-
lowing for improved assessment of response to diuret-
ics without the need for accurately charted urine out-
put and weights. A robust, pragmatic, multicenter trial
assessing the efficacy of SNB and a urine sodium guided
diuretic protocols is sorely needed to unlock the poten-
tial of these synergistic approaches.

Our patient population was, on average, younger than
the randomized trials we have discussed. We suspect this
is due to a higher prevalence of younger patients referred
for advanced therapy consideration when compared to
other facilities. It is possible our population contains
a greater proportion of loop diuretic resistance in pa-
tients with longstanding and often end-stage heart failure
which could lead to more aggressive diuretic therapy re-
quirements for adequate decongestion when compared
with other populations. Similar analyses performed at
other institutions for comparison would help to discern
what influence these factors have on diuretic strategy
choice.

Strengths and limitations

This analysis provides a detailed analysis of real-world
diuretic strategies, assessing both initial and titration of
diuretics in patients admitted with ADHE Despite this,
our analysis was not without limitations. This was an
observational, retrospective analysis and is limited in its
ability to draw causal inferences about the efficacy of any
of the diuretic strategies we identified. Data was limited
to a single institution and will lead to the presence of
institutional bias in the practice patterns detected. Treat-
ment of ADHF is complex with many clinical and social
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factors affecting clinicians’ decision making with regards
to diuretic therapy. Specifically, assessment of conges-
tion is an area known to be imprecise, with wide vari-
ation in determinations from clinician to clinician that
undoubtably affect many of the outcomes we assessed.
It was also likely some patients were discharged prior to
complete decongestion as this is a known phenomenon
across facilities treating ADHF and shortens LOS despite
patients receiving suboptimal treatment.

Despite limitations in capturing real-time pharmacoki-
netics for continuous infusion loop diuretics, we stan-
dardized the 8-hour interval for continuous infusions to
ensure consistent comparison with bolus dosing, align-
ing with typical clinical practices. Although using the
start time when the infusion bag was hung could in-
troduce some bias, our approach aimed to mitigate this
by systematically summing bolus and infusion doses to
reflect the total diuretic exposure. At our institution
bumetanide bags are 10 mg in 50 mL which would last
5 h at a rate of 2 mg/hr up to 20 h at 0.5 mg/hr. For
furosemide, bags contain 100 mg in 100 mL which re-
sults in a duration of 5 h at a rate of 20 mg/hr and 20 h
at a rate of 5 mg/hr. This could induce bias by decreasing
the total duration of IV loop diuretic exposure if a con-
tinuous infusion was the last IV diuretic exposure during
admission.

Conclusions

There was a wide range of distinct diuretic strategies
in the treatment of ADHF as well as inefficiencies in the
timing of diuretic doses and diuretic dose escalation even
within a single academic medical center. These differ-
ences may affect outcomes as there was an association
between increasing time to initial, second IV, and max-
imum diuretic with longer LOS. Standardized diuretic
strategies may serve as a model for further trials to deter-
mine optimal strategies for inpatient ADHF management.
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