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Abstract

Background: Heart failure (HF) readmissions pose a major burden to 
patients and the healthcare system. We evaluated whether outpatient 
intravenous (IV) diuretic clinic is a safe and effective strategy to re-
duce HF hospitalizations.

Methods: We reviewed 34 clinic encounters with 27 unique patients 
(median age 72) who had volume overload refractory to oral diuret-
ics that were treated with IV furosemide in the outpatient clinic. One 
patient (2.9%) was admitted to the hospital directly, and the rest were 
discharged home.

Results: More than 80% of the patients had continued weight loss 
for 7 days (median weight loss 5.4 lb). During the median follow-up 
period of 15 months, 15 patients (56%) had subsequent HF hospitali-
zations. HF admission was delayed by a median of 22 days from the 
clinic visit and 138 days from the previous HF admission prior to clin-
ic visit. Estimated cost saving per admission avoided was $10,395. 
One patient developed severe hypokalemia (< 3.0 mmol/L), and the 
remaining had no adverse events.

Conclusion: Outpatient IV diuresis is effective and well tolerated. It 
leads to significant weight loss, persisting in the majority of patients 
for 7 days. In select patients, it should be considered as a strategy 
to rapidly improve symptoms, reduce hospitalizations and decrease 
costs.

Keywords: Heart failure; Outpatient IV diuresis; Recurrent admis-
sions; Cost-effective; Hospitalizations

Introduction

Heart failure (HF) is a highly prevalent medical condition in the 
United States, currently affecting 6.2 million patients with an 
estimated increase to 8.5 million by 2030 [1, 2]. Despite signifi-
cant advancements in pharmacological and device-based ther-
apies in the management of HF, patients still require frequent 
hospitalizations for cardiovascular and non-cardiovascular con-
ditions [3, 4]. Acute decompensated heart failure (ADHF) ac-
counts for more than 1 million hospital admissions annually in 
the United States. This number has continued to rise over the last 
two decades [5]. Among all medical conditions, HF poses the 
highest risk of rehospitalization; almost one in four patients with 
HF requires readmission within 30 days [6]. These hospital ad-
missions are extremely resource-intensive and over the lifetime 
of a patient with HF have been estimated to cost $83,900 [7]. 
According to one report, almost 80% of the cost of care for HF 
patients can be attributed to hospital admissions [7]. Moreover, 
there is a direct correlation between mortality risk and hospital 
admission for intravenous (IV) diuresis for decompensated HF 
[8]. In response to increasing HF hospitalizations, the Hospi-
tal Readmission Reduction Program (HRRP) was introduced 
in 2012, monetarily penalizing hospitals for excessive readmis-
sions for HF and several other medical conditions [9].

Hospitalization for HF decompensation is associated with 
significant increase in morbidity and mortality [8]. In order to 
improve patient outcomes and reduce the economic burden of 
management of HF on our healthcare systems, it is imperative 
that we focus on developing strategies to proactively prevent de-
compensation and manage decompensated HF in an ambulatory 
setting. One such initiative is administration of IV diuretics in 
a clinic-based setting. Although a handful of studies have been 
published on the use of outpatient IV diuresis for HF patients, 
there remains a paucity of evidence in terms of its tolerability 
and effectiveness in reducing hospital admissions [10-15]. In this 
retrospective observational study, we have evaluated the safety 
and efficacy of an Outpatient IV Diuretic Clinic.

Materials and Methods

Clinic

The advanced heart failure (AHF) service at the VA Pittsburgh 
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Healthcare System (VAPHS) has a multidisciplinary team of 
nurses, social workers, pharmacists and physicians providing spe-
cialized care for patients diagnosed with HF. The Outpatient IV 
Diuretic Clinic is a division of the AHF service that was designed 
to provide ambulatory treatment to veterans with decompensated 
HF in efforts to help minimize the need for hospital readmission 
and improve their quality of life. Veterans must meet the eligi-
bility criteria (Table 1) in order to qualify for treatment with IV 
diuresis in an ambulatory setting. These patients have signs and 
symptoms of ADHF refractory to increasing doses of oral diuret-
ics at home. The charge nurse (CN) at the clinic, in conjunction 
with the AHF team, determines if a patient is a candidate. For ap-
propriate patients, the CN schedules an appointment for the same 
day or following day depending on clinic availability.

The clinic operates from 7 am to 7 pm. On admission to the 
clinic, vital signs, standing weight, electrocardiogram (EKG), 
basic metabolic panel (BMP), brain natriuretic peptide (BNP), 
digoxin level (if applicable) and magnesium level are obtained. 
All patients are placed on cardiac telemetry and IV access is 
established by the nurse. Upon return of labs treatment is initi-
ated, typically prior to 12 pm. IV diuretics are administered as 
per the standardized diuretic protocol. All patients are given a 
cardiac diet, which limits sodium to 1,500 mg per day and po-
tassium to 4,700 mg per day. They are also placed on 500 mL 
fluid restriction for 12 h while they are in the clinic. BMP and 
magnesium level are checked again at the end of the session 
and repeated as needed. Total urine output and weight are also 
recorded. At 4 pm, the AHF team assesses the patients for an 
appropriate disposition plan. Based on the clinical status, pa-
tients are either discharged home or admitted for observation.

The study was approved by Institution IRB. This study was 
conducted in compliance with the ethical standards of the respon-
sible institution on human subjects as well as with the Helsinki 
Declaration.

Intervention

The clinic uses a standardized diuretic protocol designed by 
the AHF team based on previous studies and group consensus 

[10-15]. All patients included were given IV furosemide bolus 
of 80 - 120 mg with a 3-h continuous infusion at the rate of 20 
mg/h. The bolus dose was determined by the AHF team based 
on the patient’s home dose of diuretics and their responses in 
the past during clinic visits or hospital admissions. Patients on 
maintenance thiazide diuretics (hydrochlorothiazide, metola-
zone, or chlorothiazide) were continued on their home dose 
in the clinic. All patients had a BMP and magnesium level 
checked before the initiation of diuretics and at the end of 3-h 
furosemide infusion. Electrolytes were repeated by the AHF 
team. Patients who had inadequate urine output and had stable 
creatinine (Cr) after 3 h of IV furosemide infusion were contin-
ued at the rate of 20 mg/h for three more hours.

Monitoring

All patients were placed on cardiac telemetry to monitor for ar-
rhythmia during the clinic visit. Heart rate (RR), blood pressure 
(BP), respiratory rate (RR) and pulse oximetry were recorded 
before starting diuretics, at the end of 3-h furosemide infusion, 
and at discharge. Standing weights were recorded at the begin-
ning and the end of clinic stay. Urine output was collected and 
monitored throughout the visit. Patients who were enrolled in 
remote telehealth monitoring had BP, HR and standing weight 
recorded daily to closely monitor for further weight loss and 
any adverse events. Patients with cardioMEMS had pulmo-
nary artery pressures monitored before and after IV diuresis.

Outcomes

All patients who were treated with IV diuresis at the AHF Clin-
ic at VAPHS between January 2017 and March 2020 were in-
cluded in this study. Electronic medical records were reviewed 
to collect data regarding patient demographics and outcomes.

The efficacy outcomes included total urine output in clin-
ic, total weight loss (at day 0, day 2 and day 7), time to HF 
hospitalization or death, and time free from HF hospitaliza-
tion. Weight loss on day 0 was defined as the difference be-

Table 1.  Eligibility Criteria for Outpatient IV Diuretic Clinic

Primary diagnosis of heart failure
Signs and symptoms of acute decompensated heart failure (weight gain, dyspnea)
Symptoms refractory to higher doses of oral diuretics
No acute cardiovascular issue (acute coronary syndrome, new arrhythmia, pulmonary embolism)
SBP > 100 or at baseline SBP
Heart rate 50 - 120
Does not have NYHA class IV symptoms (dyspnea at rest, home inotropes)
Cr ≤ 2.5 or near baseline (increase < 0.5)
O2 saturation ≥ 90% on ≤ 2 L oxygen by nasal cannula or within 2 L baseline oxygen requirement
On ≤ 260 mg lasix daily or 10 mg bumex daily at home
Labs: blood glucose < 400 mg/dL, Na > 120 mmol/L, T bilirubin < 3 mg/dL

IV: intravenous; SBP: systolic blood pressure; NYHA: New York Heart Association; Cr: creatinine.
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tween the patient’s weight at admission and at discharge from 
the clinic. Total weight losses on day 2 and day 7 were defined 
as the difference between the patient’s admission weight at the 
clinic and the patient’s weight at home on day 2 and day 7, 
respectively. Total time to HF hospitalization or death was de-
termined by calculating the number of days between the clinic 
visit and the respective event. Time free from HF hospitaliza-
tion (during follow-up period) was determined by calculating 
the number of days from the clinic visit to either HF hospi-
talization, death or end of follow-up period (March 31, 2020).

Safety outcomes included were hypotension (systolic blood 
pressure (SBP) < 90 mm Hg), electrolyte abnormalities, acute 
kidney injury (AKI) and same-day admission. BMP was checked 
towards the end of visit and hypokalemia was defined as either 
severe (< 3.0 mmol/L) or mild-moderate (3.0 - 3.5 mmol/L). 
Increase in repeat Cr by 0.3 mg/dL on repeat BMP was defined 
as AKI. At the end of the visit, if the patient required admission 
for observation, it was recorded as a same-day admission.

The cost of clinic visits and the most recent HF hospitali-
zations prior to the clinic visit were obtained from the VAPHS 
data analysis center and cost accounting department. The final 
total cost of each clinic visit and hospital admission include cost 
of physician service, nursing care, other professional services, 
medical equipment, prescription drugs, labs, imaging, room ser-
vice and other miscellaneous administrative items. The average 
cost per day in the hospital was calculated by dividing the total 
cost for hospitalization by the duration of hospital stay.

Statistical analysis

Baseline characteristics including patient demographics, co-
morbidities, background HF management, laboratory values 
and hemodynamics are presented as counts and percentages for 
discrete variables and median with interquartile range (IQR) for 
continuous data. The pre-specified efficacy and safety outcomes 
are summarized in tabular or graphical form using standard de-
scriptive statistics. The Mann-Whitney U test was used to com-
pare weight loss at day 2 and day 7 as compared to day 0. It was 
also used to compare outcomes between heart failure with re-
duced ejection fraction (HFrEF) and heart failure with preserved 
ejection fraction (HFpEF) patients. A two-sided P-value ≤ 0.05 
was considered to indicate statistical significance.

Results

A total of 34 patient visits, including 27 unique patients, were 
included in this analysis. Four patients used the clinic more 
than once and two of them required weekly IV diuresis in the 
clinic for three consecutive weeks. The metrics related to base-
line demographics, comorbidities, HF severity, pharmacologi-
cal therapies and implanted devices are presented in Table 2. 
The median age was 72 years (IQR, 67 - 80 years) and 93% 
of them were male. Fourteen patients (52%) had HFrEF and 
13 (48%) had ischemic cardiomyopathy. All patients seen in 
the clinic had New York Heart Association (NYHA) class III 
symptoms. The median home diuretic dose (oral furosemide 

equivalent) was 200 mg/24 h (IQR, 160 - 260 mg). Twenty 
patients (74%) were enrolled in remote telehealth monitoring 
and four (15%) patients had CardioMEMS device in place.

The visit metrics are listed in Table 3. The median IV furo-
semide dose, including bolus and continuous infusion, admin-
istered in the clinic was 180 mg (IQR, 140 - 200 mg). Nineteen 
patients (56%) required a single 3-h session of furosemide in-
fusion, and 15 (44%) received an additional 3-h session. The 
median total urine output in the clinic was 1,500 mL (IQR, 
1,030 - 2,600 mL). The median weight loss at the end of the 
clinic visit was 2.8 lb (IQR, 1.7 - 3.9 lb). The data for day 2 
and day 7 weights at home were available for 19 out of the 20 
patients enrolled in remote telehealth monitoring. Of those 19 
patients, 18 (95%) had further weight loss at day 2. Persistent 
weight loss at day 7 was seen in 17 patients (85%). The weight 
loss was significantly higher on both days as compared to clin-
ic weight loss, with median total weight loss of 5.5 lb (IQR, 3.2 
- 8.2 lb) at day 2 (P = 0.0003) and 5.4 lb (IQR, 2.1 - 10.4 lb) at 
day 7 (P = 0.01) (Fig. 1). There was no significant difference 
in efficacy outcomes, including urine output and weight loss, 
between HFrEF and HFpEF patients (Table 4).

One patient was admitted to the hospital directly from the 
clinic due to inadequate response to diuretics; the remainders 
were discharged in stable condition. Fifteen patients (56%) 
have had a hospital admission for decompensated HF after the 
clinic visit. The median time to HF admission was 22 days 
(IQR, 6 - 120 days) from the clinic visit and 138 days (IQR, 
41 - 328 days) from the previous HF admission prior to clinic 
visit. The remaining 12 patients (44%) did not have any HF 
hospitalizations during the follow-up period. Of those 12 pa-
tients, four (15%) died and the median time to death was 171 
days (IQR, 119 - 363 days). The other eight (30%) have had no 
HF admissions after the clinic visit during the median follow-
up time of 442 days (IQR, 340 - 686 days). The median cost 
of a clinic visit and an HF hospitalization were $1,076 (IQR, 
$960 - $1,233) and $11,471 (IQR, $4,818 - $26,880), respec-
tively. The median duration of hospital stay was 6 days (IQR, 3 
- 8.5 days), with a median cost per day of $1,912 (IQR, $535 - 
$2,987) (Table 5). By preventing HF admissions in 12 patients 
(44%), the estimated saving per patient was $10,395.

There were no episodes of diuresis-related arrhythmia, AKI 
or hypotension during the clinic visit. Severe hypokalemia oc-
curred in only one patient, whereas 22 patients (65%) required 
potassium repletion for mild-moderate hypokalemia (Table 6).

Discussion

Despite high rates of co-morbid chronic kidney disease (CKD) 
and high doses of home oral diuretics, outpatient IV diuresis 
was safe and effective. Surprisingly, there was further persistent 
weight loss for up to 7 days in 85% of the patients. Twelve pa-
tients (44%) remained alive without subsequent HF admission, 
and in the remainder of the patients, HF admission was delayed 
by a median of 22 days from the clinic visit and 138 days from 
the previous HF admission prior to clinic visit. This was associ-
ated with a significant cost-savings. There were no major diure-
sis-related metabolic or hemodynamic adverse events.
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While there have been several other reports on the efficacy 
of outpatient administration of IV diuretics, these data offer 
unique perspectives. Firstly, they demonstrate that there may 
be a role in combining multiple ambulatory strategies to re-
duce hospital readmissions for HF. Outpatient IV diuresis can 
be optimally employed in conjunction with tele-monitoring via 
home tele-monitoring systems or pulmonary artery (PA) pres-
sure monitoring devices such as CardioMEMS. Although tele-
monitoring is a powerful tool that allows providers to inter-
vene early if there are signs of decompensation, studies have 
failed to show reduction in HF admissions with this strategy 

alone [16, 17]. However, when combined with IV diuresis in 
an outpatient clinic, tele-monitoring has the potential to sig-
nificantly reduce emergency department (ED) visits and hos-
pital admissions for HF. In this population, more than 70% of 
patients were enrolled in tele-monitoring. Their symptoms of 
HF were refractory to increasing doses of oral diuretics which 
would have resulted in hospitalization if not for the availability 
and effectiveness of Outpatient IV Diuretic Clinic. Addition-
ally, tele-monitoring allowed for continued routine assessment 
after the clinic visit to evaluate for improvement in signs of HF 
and monitor for any potential complications. The additional 

Table 2.  Patient Demographics

Age 72 (67 - 80)
Male 25 (93)
Weight, lb 238 (189 - 275)
HFrEF 14 (52)
ICM 13 (48)
Comorbidities
  Afib 15 (56)
  CAD 13 (48)
  COPD 8 (30)
  CKD 3 or above 23 (85)
  DM2 18 (67)
  HLD 14 (52)
  HTN 18 (67)
Loop diuretic
  Furosemide 8 (30)
  Bumetanide 18 (67)
  Torsemide 1 (4)
  Total loop diuretic dose (oral furosemide equivalent), mg 160 (120 - 240)
  Thiazide diuretic 14 (52)

HFrEF (14) HFpEF (13)
ACE-I or ARB 4 (29) 5 (38)
Sacubitril-Valsartan 2 (14) 0(0)
BB 12 (86) 10 (77)
MRA 8 (57) 8 (62)
Isosorbide 0 (0) 1 (8)
Hydralazine 0 (0) 0 (0)
Digoxin 1 (7) 0 (0)
Devices
  ICD only 1 (8) 0 (0)
  CRT-D 7 (50) 0 (0)
  CardioMEMS 2 (14) 1 (8)

Values are represented as n (%) or median (interquartile range). HFrEF: heart failure with reduced ejection fraction; ICM: ischemic cardiomyopathy; 
NYHA: New York Heart Association; Afib: atrial fibrillation; CAD: coronary artery disease; COPD: chronic obstructive lung disease; CKD: chronic 
kidney disease; DM2: diabetes mellitus type 2; HLD: hyperlipidemia; HTN: hypertension; ACE-I: angiotensin-converting enzyme inhibitor; ARB: 
angiotensin II receptor blocker; BB: beta-blocker; MRA: mineralocorticoid receptor antagonist; ICD: implantable cardioverter defibrillator; CRT-D: 
cardiac resynchronization therapy defibrillator.
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advantage of combining tele-monitoring and outpatient IV 
diuresis is that it adds to continuity of care and allows patients 
with advanced HF to be treated in a clinic that knows them 
well, rather than by new providers in the hospital that may not 
be familiar with the complexities of their disease. This com-
bination of strategies, if adopted widely, has the potential to 
significantly improve patient outcomes as well as reduce the 
economic burden of HF on the healthcare system.

Many studies have failed to show significant reduction in HF 
hospital admissions despite close monitoring of daily weights 
and signs and symptoms of congestion [17, 18]. However, novel 

interventions, such as guiding therapy based on changes in PA 
pressures using implantable hemodynamic monitoring, have 
been shown to successfully reduce HF hospitalizations [19]. In 
our analysis, only a small number of patients had CardioMEMS 
implanted for remote monitoring of PA pressures, making it dif-
ficult to assess the efficacy of this strategy in conjunction with 
outpatient IV diuresis. However, as implantable hemodynamic 
monitoring becomes prevalent, it will potentially enhance the 
efficacy of the ambulatory IV diuresis program.

The coronavirus disease 2019 (COVID-19) pandemic has 
accelerated the need for innovative telehealth and ambulatory 

Table 3.  Visit Metrics

Before IV diuresis After IV diuresis
Lab
  Serum sodium, mmol/L 138 (136 - 139) 138 (136 - 140)
  Serum potassium, mmol/L 4 (3.5 - 4.5) 3.9 (3.4 - 4.3)
  Serum creatinine, mg/dL 1.59 (1.27 - 1.82) 1.55 (1.25 - 1.95)
  Serum BUN, mg/dL 33.5 (24.8 - 51.2) 33 (23 - 49)
  BNP, pg/mL 597 (145 - 1,466) -
Hemodynamics
  Systolic blood pressure, mm Hg 111 (101.5 - 127.5) 116 (108 - 125)
  Diastolic blood pressure, mm Hg 67 (58 - 75) 68 (62 - 76)
  Heart rate 78 (75 - 82) 79 (72 - 82)
Clinic outcomes
  Urine output, mL 1,500 (1,030 - 2,600)
  Weight loss, lb 2.8 (1.7 - 3.9)

Values are represented as median (interquartile range). IV: intravenous; BUN: blood urea nitrogen; BNP: brain natriuretic peptide.

Figure 1. Median Weight loss (lb) and interquartile range at day 0, day 2 and day 7. Weight losses at day 2 and day 7 were 
significantly higher than that at day 0 (P < 0.05 for both comparisons).
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strategies to provide safe and effective care for our patients and 
reduce the burden of hospitalizations. Our data support that 
outpatient IV diuresis, especially when combined with remote 
tele-monitoring systems, has the potential to significantly im-
prove outpatient care for decompensated HF and reduce the 
need for HF admissions. This strategy will also be attractive to 
patients who want to avoid ED visits and hospital admissions 
due to concerns for high risk exposure to severe acute respira-
tory syndrome coronavirus 2 (SARS-CoV-2).

Study limitations

This analysis should be interpreted in the context of several lim-
itations. It was a small single-center retrospective observational 
study without a comparator arm. Although our results suggest 
that outpatient IV diuresis is safe and cost-effective, the true ef-
ficacy in terms of reducing hospitalizations cannot be evaluated 
without a control group. This study was done at a tertiary HF 
center which limits the generalizability to other non-hospital 
based settings. The majority of patients were male which further 
limits the generalizability of our findings to the general popula-
tion. Despite these limitations, these findings are promising and 

advocate for further investment in innovative ambulatory strate-
gies to manage and prevent decompensated HF.

Conclusions

In select patients, outpatient IV diuresis is safe and effective, 
resulting in cost-savings. When combined with tele-monitor-
ing, there is great potential for further reduction of hospitaliza-
tions and cost.
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