
IJC Heart & Vasculature 36 (2021) 100860
Contents lists available at ScienceDirect

IJC Heart & Vasculature

journa l homepage: www. journals .e lsevier .com/ i j c -hear t -and-vascula ture
Inpatient versus outpatient intravenous diuresis for the acute
exacerbation of chronic heart failure
https://doi.org/10.1016/j.ijcha.2021.100860
2352-9067/Published by Elsevier B.V.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

⇑ Corresponding author at: Veterans Affairs St. Louis Health Care System, John
Cochran Division, 915 North Grand Blvd, St. Louis, Missouri 63106, United States.

E-mail address: ihalatch@wustl.edu (I.G. Halatchev).
Ilia G. Halatchev a,b,⇑, Wen-Chin Wu c,d, Paul A. Heidenreich e, Elma Djukic a, Sumitra Balasubramanian f,
Kelly B. Ohlms f, Jay R. McDonald a,b

aVeterans Affairs St. Louis Health Care System, John Cochran Division, St. Louis, MO, United States
bWashington University School of Medicine, St. Louis, MO, United States
cVeterans Affairs Providence Health Care System, Providence Medical Center, Providence, Rhode Island, United States
dWarren Alpert Medical School, Brown University, Providence, Rhode Island, United States
eVeterans Affairs Palo Alto Health Care System, Palo Alto, CA, United States
fClinical Research and Epidemiology Workgroup at Veterans Affairs St. Louis Health Care System, John Cochran Division, St. Louis, MO, United States
a r t i c l e i n f o

Article history:
Received 9 June 2021
Received in revised form 12 August 2021
Accepted 14 August 2021

Keywords:
Heart failure
Outcomes
Diuresis
Acute decompensated heart failure
Emergency department
a b s t r a c t

Background: We established an IV outpatient diuresis (IVOiD) clinic and conducted a quality improve-
ment project to evaluate safety, effectiveness and costs associated with outpatient versus inpatient diure-
sis for patients presenting with acute decompensated heart failure (ADHF) to the emergency department
(ED).
Methods: Patients who were clinically diagnosed with ADHF in the ED, but did not have high-risk fea-
tures, were either diuresed in the hospital or in the outpatient IVOiD clinic. The dose of IV diuretic
was based on their home maintenance diuretic dose. The outcomes measured were the effects of diuresis
(urine output, weight, hemodynamic and laboratory abnormalities), 30–90 day readmissions, 30–90 day
death and costs.
Results: In total, 36 patients (22 inpatients and 14 outpatients) were studied. There were no significant
differences in the baseline demographics between groups. The average inpatient stay was six days and
the average IVOiD clinic days were 1.2. There was no significant difference in diuresis per day of treat-
ment (1159 vs. 944 ml, p = 0.46). There was no significant difference in adverse outcomes, 30–90 day
readmissions or 30–90 day deaths. There was a significantly lower cost in the IVOiD group compared
to the inpatient group ($839.4 vs. $9895.7, p=<0.001).
Conclusions: Outpatient IVOiD clinic diuresis may be a viable alternative to accepted clinical practice of
inpatient diuresis for ADHF. Further studies are needed to validate this in a larger cohort and in different
sites.
Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://creative-

commons.org/licenses/by-nc-nd/4.0/).
1. Introduction

The prevalence of heart failure (HF) in the United States is esti-
mated to be rising to>5.7 million people [1]. Because of rising
prevalence and costs, HF accounts for 40 billion dollars in indirect
and direct healthcare costs annually [2]. ADHF hospitalizations are
associated with increased risk of recurrent hospitalization and 1-
year mortality of nearly 30% [3,4], likely driven by a subset of high
risk patients[5–8]. Eighty percent of patients with ADHF present to
the emergency department (ED) [9], and 91.5% of these are
admitted to the hospital. This paradigm has not changed for the
past 50 years and is a major public health problem [10], as it is
the leading cause of hospitalizations for patients > 65 years of age
[11], with costs estimated at 11 billion dollars annually [9].

A potential reason for this pervasive paradigm is that The Amer-
ican College of Cardiology and American Heart Association (ACC)/
(AHA) guidelines [12] list several factors that are associated with
poor outcomes in patients presenting with ADHF, but because of
a paucity of published data, do not provide guidance on appropri-
ate location (home, inpatient ward or intensive care unit) for ther-
apy. The guidelines instead focus on guiding therapy in the typical
location of ADHF - the hospital – with the mainstay being intra-
venous (IV) diuresis and discharge planning. To date, there are sev-
eral studies that have evaluated the efficacy and safety of
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outpatient IV diuresis for congested HF patients [13–17] who were
identified in the outpatient clinics. They showed that IV furose-
mide administration was effective in diuresing outpatients and
that it was safe, even at 200 mg bolus doses. These studies, how-
ever, did not directly compare the feasibility, safety, or costs of
inpatient versus outpatient IV furosemide decongestion of ADHF
patients presenting to the ED.

We established an IV outpatient diuresis (IVOiD) clinic at a
Veterans Health Administration (VHA) hospital, and conducted a
quality improvement project to evaluate the safety, efficacy and
cost associated with outpatient IV diuresis for patients in the ED
with ADHF and who would have otherwise been admitted.

2. Methods

This is prospective open-label pilot quality improvement (QI)
project was approved by the VHA hospital’s QI/quality assurance
(QA) board and research department. The data storage, analysis
and publication were approved by the Institutional Review Board
(IRB) for an exemption.

2.1. Patient identification

Patients presenting to the ED with dyspnea, shortness of breath,
difficulty breathing, cough, breathlessness, orthopnea, paroxysmal
nocturnal dyspnea, swelling and/or edema were identified as
potentially having ADHF. After initial identification, patients were
further evaluated to confirm ADHF by the following checklist and
decision tree (Fig. 1):

1. Previously documented diagnosis of CHF
Fig. 1. Inpatient versus outpatient intravenous diuresis flow diagram. Patients presenti
heart failure. Those with heart failure exacerbation were further screened for high risk fe
be admitted or discharged to follow-up in the IVOiD clinic. Patients who had worsening
hospital. ED: emergency department; MI: myocardial infraction; PE: pulmonary embol
eGFR: estimated glomerular filtration rate.
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2. High likelihood of ADHF based on clinical assessment, using a
modified Framingham Study criteria [18], with presence of
either: (i) one sign or symptom and one laboratory or imaging
finding or (ii) one symptom and one sign:

a. Symptoms
i. Worsening dyspnea
ii. Worsening orthopnea
iii. Paroxysmal nocturnal dyspnea

b. Signs
i. Increased lower extremity edema
ii. Unintentional weight gain � 5 lb
iii. Increased internal jugular venous distention (JVD)
iv. Increased abdominal swelling or ascites

c. Laboratory or imaging findings
i. Pulmonary congestion and/or pleural effusions by chest x-

ray
ii. B-type natriuretic peptide (BNP) level which is above euv-

olemic baseline
iii. Dilated inferior vena cava by ultrasound
iv. Presence of increasing ascites by any imaging modality

Further, patients were excluded if they had had one or more of
the following high-risk findings:

1. Suspicion or diagnosis of acute coronary syndrome by his-
tory, physical, laboratory or imaging data
ng to the emergency department were initially screened for acute decompensated
atures; if not present, the emergency department practitioner decided if they would
symptoms or not responding to outpatient diuresis were directly admitted to the

us; HF: heart failure; IVOiD: intravenous outpatient diuresis clinic; Cr: creatinine;



I.G. Halatchev, Wen-Chin Wu, P.A. Heidenreich et al. IJC Heart & Vasculature 36 (2021) 100860
2. Suspicion or diagnosis of acute pulmonary embolus by his-
tory, physical, laboratory or imaging data

3. Systolic blood pressure (SBP) < 100 mmHg or heart rate
(HR) > 100 beats per minute

4. Presence of new hypoxia as defined by O2 saturations < 91%
on room air or on chronic stable O2 requirement that
requires (additional) supplemental oxygen or tachypnea
with respiratory rate > 30 breaths/minute

5. Presence of a new sustained arrhythmia with HR > 100, such
as atrial flutter, atrial fibrillation, atrial or ventricular
tachycardia

6. New diagnosis of HF
7. Creatinine elevation � 25% from baseline or severe renal

dysfunction as defined by eGFR < 20 ml/min/1.73 m2

8. Electrolyte abnormalities with serum sodium � 127
or � 141 mmol/L or potassium � 3.2 or � 5.5 mmol/L

9. New or chronic intravenous inotrope requirement
10. Previously known or newly diagnosed constrictive pericardi-

tis, infiltrative cardiomyopathy or tamponade
11. Inability to travel to the hospital on a daily basis due to

transportation issues
12. Other non-HF comorbidities requiring inpatient admission

ADHF patients without high-risk features with a plan to be
admitted were discussed with the ED practitioner; the practitioner
was given an option to either proceed with inpatient admission vs.
discharge to follow up in the outpatient IVOiD clinic. Patients were
included into the inpatient group if the ED practitioner thought
that they need to be admitted, despite not having any high-risk
features, or if the patient chose to be admitted, despite being
offered to be discharged by the ED practitioner and be diuresed
in the outpatient diuresis clinic. Patients were included in the out-
patient IVOiD clinic group if high-features were not present and if
the ED practitioner and patient agreed to be discharged from the
ED and be diuresed in the outpatient IVOiD clinic.

2.2. Inpatient ADHF management

Patients admitted to the hospital for IV diuresis received stan-
dard of care, which was decided by the primary medicine team.
Cardiology was consulted at the discretion of the primary team.

2.3. IVOiD clinic protocol: Timeline, medication dosing, and monitoring

2.3.1. Timeline
Patients discharged from ED for outpatient diuresis were

instructed to present to IVOiD clinic the subsequent day.

� Patient presented to IVOiD clinic, (located either in the Echocar-
diogram or Cardiac Catheterization labs) at 0730 hrs (T � 0:00).
A nurse set up monitoring, and obtained initial vitals, patient
assessment, IV access and blood for labs (basic metabolic panel
[BMP], BNP, and magnesium [Mg]) (T � 0:00 to 0:15);

� A nurse reviewed patient history, medications, indications/con-
traindications (based on the same criteria as listed above), and
premedication administration urine void (T � 0:15–1:15). If
any contraindications were noted as described above and in
Fig. 1, a practitioner was notified and patient was directly
admitted to the hospital;

� A nurse reviewed the labs and plans with practitioner, followed
by IV administration of furosemide and potassium chloride
(KCl) with or without metolazone (T � 1:15–1:40). The doses
of diuretics and KCl supplementation were determined based
on dosing regimen outlined below;
3

� The patient was monitored for symptoms, vital signs, rhythm
disturbances, fluid intake, and urine output (T � 1:30–7:00);

� Blood was drawn for BMP, BNP and Mg, at the end of diuresis
and prior to discharge (T � 7:00).

If a patient did not present on a day of IVOiD clinic they received
a phone call and rescheduled for the following business day.

2.3.2. Medication and dosing
Dosing of furosemide, metolazone and KCl was based on a study

by Buckley, et al 14, whereby:

� Patients without maintenance dose of furosemide, or patients
only on hydrochlorothiazide or spironolactone, received an IV
bolus of furosemide 40 mg and oral dose (PO) dose of KCl
40 mEq.

� Patients on low-to-moderate home maintenance dose of diure-
tic, defined as presenting home furosemide (or equivalent; oral
furosemide 40 mg = intravenous furosemide 20 mg = torsemide
20 mg = bumetanide 1 mg) > 0 and � 160 mg total 24 hr dose,
received an IV bolus of furosemide 1.5 times their 24 hr total
home maintenance dose, and a PO dose of KCl 60 mEq.

� Patients on high-dose home maintenance dose of diuretic,
defined as presenting home furosemide (or equivalent)
> 160 mg total 24 hr dose, received pretreatment with a PO dose
of metolazone 5 mg and PO dose of KCl 40 mEq 30 min prior to
IV bolus of furosemide 240 mg and a repeat PO dose of KCl
40 mEq 4hr after furosemide IV administration.

� Potassium was supplemented on discharge from the IVOiD
clinic based on changes observed with IV diuresis, such that if
potassium decreased by � 0.4 mmol/L, patient’s KCl supple-
mentation was increased by 40 mEq per day or was started on
40 mEq of KCl daily if previously not on potassium
supplementation.

2.3.3. Monitoring
Vital signs were measured every 30 min from presentation to

discharge and a practitioner was alerted if any of them reached
parameters as per exclusion criteria above. All patients were mon-
itored on telemetry, and a practitioner was notified for any non-
sustained or sustained arrythmias. Fluid intake and urine output
were recorded every 30 min after administration of IV Furosemide
until patient was discharged from the IVOiD clinic. Patients’ weight
was measured on presentation and at time of clinic discharge.

2.4. Post-IVOiD clinic diuretic dose adjustment and follow up

Follow-up after outpatient diuresis (in either IVOiD clinic for
additional IV diuretics or HF clinic) and home diuretic dosing
adjustment decision was based on an estimated ‘‘dry weight”
(which was defined as the nadir weight for the past year that
was associated with lowest recoded BNP, the least prominent HF
symptoms, and/or lowest JVD):

� Patients were instructed to return to IVOiD clinic on following
workday if at the time of IVOiD discharge their weight
was � 5 lb above baseline ‘‘dry weight” and/or JVD of � 12 cm
of H2O. They were also instructed to increase their home dose
of diuretic by 2-fold for the rest of the day.

� Patients were instructed to continue with the 2-fold increased
home dose of oral diuretics if at the time of IVOiD discharge,
their weight was < 5 lb above baseline ‘‘dry weight” and/or
JVD of � 12 cm H2O until they reach their estimated ‘‘dry
weight”, at which point to return back to baseline diuretic dose.



I.G. Halatchev, Wen-Chin Wu, P.A. Heidenreich et al. IJC Heart & Vasculature 36 (2021) 100860
� Patients were instructed to continue with their prior home dose
of diuretic if at ‘‘dry weight” and/or JVD � 8 cm.

� All patients were instructed to and scheduled for follow up in
HF clinic in 1 week and to have repeat Basic Metabolic Panel
(BMP)/BNP/Mg in � 1 week.

2.5. Data collection and comparisons

IRB approved data collection through chart review in the Com-
puterized Patient Records System (CPRS) and from data collected in
the IVOiD clinic. Patient identifiers were removed and data stored
in a secure VA server in a Microsoft Excel spreadsheet. We com-
pared the patients’ baseline characteristics and outcomes, includ-
ing the effects of diuresis (urine output, weight, hemodynamic
and laboratory abnormalities), 30–90 day readmissions, 30–
90 day death and costs between the inpatient and IVOiD clinic
groups.

2.5.1. Patient baseline data collection
Baseline data included: presenting ER visit date, age, gender,

ethnicity, vital signs, weight, NYHA class, left ventricular ejection
fraction, baseline-furosemide equivalent dose, cardiac medica-
tions, laboratory values (sodium, potassium, blood urea nitrogen
(BUN), creatinine and BNP), and comorbidities (coronary artery
disease, atrial fibrillation, chronic kidney disease, diabetes melli-
tus, chronic obstructive pulmonary disease, implantable defibrilla-
tor or cardiac resynchronization therapy device). Inpatient length
of stay and number of IVOiD clinic visits per patient were recorded.
Treatment parameters were recorded: number and amount of IV
furosemide equivalent doses, blood pressure and heart rate
90 min after diuretic administration, fluid intake and output for
each 24 h for inpatients and after IV furosemide administration
for IVOiD patients, the change in weight at the time of discharge,
potassium, BUN and creatinine after furosemide administration.

2.5.2. Cost data collection
Healthcare delivery costs were collected retrospectively for

each patient from the St. Louis VA Managerial Cost Accounting Sys-
tem. For IVOiD clinic patients, costs collected included all encoun-
ters associated with: cardiology clinic visit (cardiology provider
evaluation and recommendations), laboratories on the day of
IVOID clinic, pharmacy costs, any non-cardiology consultations
and telephone follow up. The IVOiD costs for clinic space use,
equipment uses, and nursing time were not collected as the clinic
was built to be part of the daily clinical/patient care workflow and
operations of the cardiac catheterization and echocardiography
labs. For patients admitted to the hospital costs collected included
all encounters associated with: room and bed, food production and
delivery, inpatient internal medicine management, inpatient trans-
portation, consultative services (cardiology consultation, palliative
care consultation, physical therapy, occupational therapy, dietary
consultation, respiratory therapy, social work, chaplain services,
wound care, prosthetics), pharmacy/medications, laboratory test-
ing, imaging, and administrative.

2.6. Analysis and statistics

All analyses were performed using Statistical Analytical System
(SAS) software version 9.4 (SAS Institute, Cary, NC). Continuous
variables data was analyzed as mean and standard deviations. Cat-
egorical and nominal data was analyzed as frequencies and per-
centages. Bimodal data was analyzed as median and interquartile
ranges. A Student’s t-test was used for continuous variables and
chi-square for categorical data. Survival analysis was performed
using Kaplan–Meier estimator. A 2-sided p-value of 0.05 or less
was considered significant.
4

3. Results

Thirty-six patients met inclusion criteria. Of these, 22 were
treated inpatient, and 14 treated outpatient.

3.1. Baseline characteristics and diuretic administration

There were no significant differences between the inpatient and
outpatient patient baseline characteristics (Table 1). The majority
were male with nearly equal distribution of Caucasians and
African-Americans. The two groups had median left ventricular
ejection fractions of 40% and similar: (i) symptoms: predominantly
NYHA functional class III, (ii) HF associated comorbidities and ther-
apeutics, (iii) mean baseline furosemide equivalent dose of loop
diuretic of 80 mg per day, (iv) median baseline Cr of 1.5 mg/dL,
and (v) BNP of 900 pg/mL. Median inpatient length of say was
6 days as compared to median of 1 outpatient IVOiD clinic visit
(Table 2). Eleven of the 14 IVOiD outpatients were diuresed with
IV diuretic once and 3 were diuresed twice. The average duration
between IVOiD clinic visits was 6 days. There was a higher median
daily IV Furosemide equivalent dose for inpatients compared to
outpatients (80 mg vs. 40 mg respectively), which was due to
longer days of IV diuresis in the inpatient group.

3.2. Acute diuretic administration outcomes

There was no significant difference between the daily net vol-
ume loss between inpatients and IVOiD clinic groups
(1159 ± 1044.7 vs. 944.4 ± 790.8 ml respectively, p = 0.46) with
higher total weight loss (-9 ± 8.2 vs. �2.3 ± 2.1 lb respectively,
p = 0.01), which was due to longer days of IV diuresis in the inpa-
tient group (Table 2). There was a trend for more low blood pres-
sure (SBP of < 100 mmHg or DBP of < 60 mmHg) episodes after IV
diuretic administration in the inpatient group as compared to the
IVOiD group that did not reach statistical significance (SBP 4 vs.
0 episodes respectively, p = 0.14 and DBP 6 vs. 0 episodes respec-
tively, p = 0.06). Both groups had similar rates of potassium (potas-
sium level � 5.1 mEq/L and � 3.4 mEq/L) and renal abnormalities
(�25% for BUN and creatinine from baseline). Diuretics were
increased by similar amounts from their baseline home dose after
admission or IVOiD diuresis (20 ± 24 vs. 40 ± 42.2 mg respectively,
p = 0.35). No outpatients were admitted from the IVOiD clinic for
adverse events or need for further diuresis.

3.3. Longer-term outcomes

Inpatient and outpatient diuresis had similar 90-day outcomes,
with the inpatients trending towards a higher number of cumula-
tive readmissions that were not statistically different (Table 2). The
outpatient group had post IV diuresis lab follow-up that was
sooner than the inpatients (3.1 ± 2.2 vs. 28.1 ± 51.7, respectively;
p = 0.04). Both groups had similar degrees of potassium and renal
abnormalities on follow up labs. A Kaplan-Meier Curve (Fig. 2)
shows a non-significant trend towards higher rates of readmissions
for HF in the inpatient group by 90 days post discharge compared
to admissions in the outpatient group (22.7% vs. 7.1% respectively;
p = 0.37; Table 2). At 90 days after discharge thee was 1 death
recorded in the inpatient diuresis group and no deaths in the out-
patient group (Fig. 3).

3.4. Costs

Inpatient stay for diuresis was associated with significantly
higher total costs compared to outpatient diuresis ($9895.7 ±
$8728.4 vs. $839.4 ± $370.6, respectively; p < 0.001).



Table 1
Patient Demographics.

Demographic Characteristics All Patients Inpatient Outpatient p-value

(n = 36) (n = 22) (n = 14)

Age, yrs 70 ± 10 72 ± 9 67 ± 11 0.14
Female 1(2.8) 1 (4.6) – 0.42
Ethnicity 0.34
African American 17 (47.2) 9 (41) 8 (57.1)
Hispanic – – –
Caucasian 19 (52.8) 13 (59) 6 (42.9)
Ejection fraction % 40 ± 16 40 ± 18 39 ± 14 0.81
NYHA functional class 0.33
II 3 (8.3) 3 (13.6) –
III 30 (83.3) 17 (77.3) 13 (92.9)
IV 3 (8.3) 2 (9.1) 1 (7.1)
Comorbidities
Atrial fibrillation 20 (55.6) 14 (63.6) 6 (42.3) 0.27
Chronic kidney disease 14 (38.9) 9 (40.9) 5 (35.7) 0.76
Diabetes mellitus 23 (63.9) 13 (59.1) 10 (71.4) 0.45
Hypertension 36 (100) 22 (100) 14 (100) –
Chronic obstructive pulmonary disease 11 (30.6) 5 (22.7) 6 (42.9) 0.2
Coronary artery disease 17 (47.2) 11 (50.0) 6 (42.9) 0.68
Loop diuretic
Baseline-Furosemide Equivalent Dose, mg* 85.2 ± 76.4 84.7 ± 63.1 86.0 ± 98.9 0.97
No loop diuretic 8 (22.2) 4 (18.2) 4 (28.6) 0.69
Therapies
Thiazide diuretic 5 (13.9) 3 (13.6) 2 (14.3) 0.96
ACE inhibitor/ARB 20 (55.6) 11 (50) 9 (64.3) 0.4
Aldosterone antagonist 14 (38.9) 8 (36.4) 6 (42.9) 0.7
Beta-blocker 30 (83.3) 18 (81.8) 12 (85.7) 0.44
Digoxin 1(2.8) 1(4.6) – 0.42
Isosorbide 8 (22.2) 7 (31.8) 1 (7.1) 0.08
Hydralazine 6 (16.7) 3 (13.6) 3 (21.4) 0.54
ICD 14 (40) 8 (38.1) 6 (42.9) 0.78
CRT 9 (25.7) 5 (23.8) 4 (28.6) 0.75
Laboratory values
Serum Sodium, mEq/L 139.2 ± 3.4 138.5 ± 3.0 140.3 ± 3.8 0.12
Blood Urea Nitrogen, mg/dL 23.4 ± 12.2 24.5 ± 14.5 21.6 ± 7.2 0.43
Serum Creatinine, mg/dL 1.5 ± 0.5 1.5 ± 0.6 1.5 ± 0.4 0.86
BNP, pg/mL 959.8 ± 759.4 926.7 ± 803.2 950.4 ± 1198.9 0.94
Systolic blood pressure, mmHg 143.4 ± 18.0 143.4 ± 19.4 143.3 ± 16.2 0.98
Diastolic blood pressure, mmHg 82.9 ± 15.8 80.4 ± 17.3 86.8 ± 12.7 0.24

Continuous variables are presented as mean ± standard deviation and categorical/nominal data is presented as n (%). *Expressed as milligrams of furosemide or equivalent
(oral furosemide 40 mg = intravenous furosemide 20 mg = torsemide 20 mg = bumetanide 1 mg).
NYHA: New York Heart Association; ACE: angiotensin-converting enzyme; ARB: angiotensin receptor blocker; ICD: implantable cardiac defibrillator; CRT: cardiac resyn-
chronization therapy; BNP: B-type natriuretic peptide
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4. Discussion

ADHF accounts for over 1 million annual ED presentations and
hospitalizations, and $11 billion of medical costs [9]. This is
because 91.5% of all patients with ADHF presenting to ED get
admitted, which may be partly due to established practice pat-
terns, lack of alternative options, or presence of institutional man-
agement algorithms. Indeed, even though alternative outpatient IV
diuretic based decongestion strategies for volume overloaded HF
patients in clinic setting have shown to have promise, [13–17]
there are no studies providing an alternative decongestion strategy
of ADHF patients in the ED. ACC/AHA guidelines [12,19] do not
address risk stratification, nor location of therapy, and mostly rec-
ommend that hospital management be focused on IV diuretic
decongestion, continuation of home medical therapy, and dis-
charge planning. This is in contrast to the management algorithms
for other conditions like community acquired pneumonia [20] and
chronic obstructive lung disease exacerbations (goldcopd.org),
which have clear decision trees for risk stratification as well as
guidelines on therapies and treatment location (home, inpatient
ward or intensive care unit). One major reason for these differences
in guidelines is lack of high-quality data with which to make rec-
ommendations as the level of evidence for the ACC/AHA guidelines
were mostly C (expert consensus) and some B (limited populations
5

evaluated). In this report we evaluated a potential alternative to
inpatient admission for ADHF - an IV diuresis clinic for lower-
risk ADHF patients who would otherwise have been hospitalized.

We show that in a small group of ADHF patients who presented
to the ED and were decongested as outpatients in the IVOiD clinic
had similar daily doses of IV diuretic and volume loss without
increase in adverse events as compared to patients with similar
baseline characteristics who were hospitalized. IVOiD clinic group
had lower total dose of IV diuretic administered and total weight
loss with IV diuresis, which can be attributed to the longer length
and total IV diuretic dose in the inpatient group. This difference in
short term weight loss seen in the admitted patients was clinically
compensated by doubling the IVOiD clinic’s group home diuretic
dose until clinic follow up. Also, despite guideline recommenda-
tions on discharge planning and post-hospitalization follow up,
the inpatient cohort were followed up significantly later than the
IVOiD cohort.

Perhaps one of the major drivers for hospitalizing ADHF
patients from the ED is the concern for adverse short and long-
term outcomes. Index ADHF admissions have a 20% associated risk
of 30-day rehospitalization and a nearly 30% 1-year mortality
[3,4,20]. These statistics are driven by a subset of high risk patients
[5–8] with high comorbidity burden or progression of disease.
However, a significant portion ADHF patients in the ED are likely



Table 2
Outcomes.

Parameter All Patients Inpatient Outpatient p-value

(n = 36) (n = 22) (n = 14)

Number of inpatient days or outpatient IV diuretic visits
1 13 (36.1) 2 (9.1) 11 (78.6)
2 12 (33.3) 9 (40.9) 3 (21.4)
�3 11 (30.6) 11 (50) 0
Average number of days receiving IV diuretics 5 (2–7) 6 (4–7) 1 (1–2)
Duration between visits, days 6(1–6) – 6(1–6)
Diuretic therapy
Total IV Furosemide Equivalent Dose, mg 80 (40–120) 80 (60–160) 40 (40–112.5)
Total Daily IV Furosemide Equivalent Dose, mg 40 (40–79) 40 (20–77) 40 (40–97.5)
Acute diuretic administration outcomes
Diuretic therapy
Daily net volume balance, mL 1130.6 ± 1014.2 1159 ± 1044.7 944.4 ± 790.8 0.46
Change in weight from admission to discharge, lb �5.9 ± 6.9 �9.0 ± 8.2 �2.3 ± 2.1 0.01
Change in diuretic dose from baseline to time of discharge, mg 30.6 ± 48.3 20.0 ± 24.0 40 ± 42.2 0.35
Vital signs stability with diuretic administration
Abnormal SBP (<100 mmHg) 4 (11.1) 4 (18.2) 0 0.14
Abnormal DBP (<60 mmHg) 6 (16.7) 6 (27.3) 0 0.06
Abnormal HR (<55 or > 110 BPM) 1 (2.8) 1 (4.5) 0 0.99
Laboratory changes with diuretic administration
Hyperkalemia (�5.1 mEq/L) 0 0 0 –
Hypokalemia (�3.4 mEq/L) 4 (11.1) 3 (13.6) 1 (7.1) 0.99
� 25% change of BUN from baseline 12 (33.3) 7 (31.8) 5 (35.7) 0.90
� 25% change in Creatinine from baseline 1 (2.8) 0 1 (7.1) 0.39
Longer Term Outcomes
Lab follow up (days after discharge) 17.8 ± 41.2 28.1 ± 51.7 3.1 ± 2.2 0.04
Hyperkalemia (Potassium � 5.1 mEq/L) 2 (5.6) 1 (4.5) 1 (7.1) 0.99
Hypokalemia (Potassium � 3.4 mEq/L) 5 (13.9) 3 (13.6) 2 (14.3) 0.99
�25% change of BUN from baseline 15 (41.7) 8 (36.4) 7 (50.0) 0.50
� 25% change in Creatinine from baseline 10 (27.8) 6 (27.3) 4 (28.6) 0.99
0–30 day total readmission 5 (13.9) 4 (18.2) 1 (7.1) 0.63
0–30 day readmission for HF 2 (5.6) 2 (9.1) 0 0.51
0–30 day readmission for other diagnosis 3 (8.3) 2 (9.1) 1 (7.1) 0.99
30–90 day total readmission 7 (19.4) 5 (22.7) 2 (14.3) 0.68
30–90 day readmission for HF 4 (11.1) 3 (13.6) 1 (7.1) 0.99
30–90 readmission for other diagnosis 3 (8.3) 2 (9.1) 1 (7.1) 0.99
90 day total readmission 12 (33.3) 9 (40.9) 3 (21.4) 0.29
90 day cumulative readmission for HF 6 (16.7) 5 (22.7) 1 (7.1) 0.37
90 day cumulative readmission for other diagnosis 6 (16.7) 4 (18.2) 2 (14.3) 0.99

Continuous variables are presented as mean ± standard deviation and categorical/nominal data is presented as n (%) or median (interquartile range).
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not at high risk for short-term morbidity and mortality [1,8,29–
32,21–28]. ADHF exacerbations are often caused by reversible fac-
tors, such as changes in diet or medications [33], and these account
for 50% of all ADHF hospitalizations. In this report we excluded
patients with high risk features [5–8] and evaluated for adverse
outcomes with outpatient IV diuresis, including electrolyte abnor-
malities, renal failure, readmissions (30-day and 90-day for ADHF
or all readmissions) and death. We found that in the studied cohort
of patients there were no significant differences between any of the
above parameters. There was a trend towards higher rates of read-
missions for ADHF in the inpatient group versus the IVOiD group at
90 days, with 22.7% versus 7.1% respectively. There was low mor-
tality rates in both lower risk pre-selected groups at 90 days with
one death in the inpatient group and none in the IVOiD group.

Although there were no significant differences between the
inpatient and IVOiD group in terms of daily diuretic administration
or adverse outcomes, the IVOiD group had lower medical costs and
no hospital stay. This was highly significant despite the small sam-
ple size.

There are several limitations to this study. It had a small sample
size which limited the ability to establish statistical significance on
numerous results. Additionally, it was a single VA center study
which further limited the number of patients studied and the
applicability to other healthcare systems or populations. It was a
6

non-randomized and non-blinded quality improvement project
thus there may have been an inherent bias in patient selection or
treatment.

Future larger multi-center randomized clinical trials are neces-
sary to determine if outpatient IV diuresis can be a viable alterna-
tive to inpatient hospitalization for ADHF ED patients, with the
potential promise of similar outcomes and saved costs.
5. Conclusions

An outpatient intravenous diuresis clinic may be a viable alter-
native for the diuresis in patients presenting with acute exacerba-
tion of chronic heart failure to the currently accepted clinical
practice of inpatient diuresis. Further studies are needed to vali-
date this approach in a larger cohort and in multiple sites.
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Fig. 2. Kaplan-Meier curve for heart failure readmissions for inpatients and outpatients within 90 days. X-axis represents time to a HF readmission event in days and y-axis
represents fraction of patients who were not readmitted or admitted for HF within 90 days. HF: heart failure.

Fig. 3. Kaplan-Meier curve of all-cause mortality within 90 days. X-axis represents time to death in days and y-axis represents fraction of patients alive within 90 days.
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