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Introduction: Acute heart failure (AHF) is a leading cause of hospitalization and readmission 

in the US. The present study evaluated maximum diuresis while minimizing electrolyte imbal-

ances, hemodynamic instability, and kidney dysfunction, to achieve a euvolemic state safely 

in a shorter period of time.

Methods and results: A protocol of combined therapy with furosemide, metolazone, and 

spironolactone, with or without tolvaptan and acetazolamide, was used in 17 hospitalized patients 

with AHF. The mean number of days on combination diuretic protocol was 3.8 days. The mean 

daily fluid balance was 3.0±2.1 L negative. The mean daily urine output (UOP) was 4.1±2.0 L 

(range 1.8–10.5 L). There were minimal fluctuations in serum electrolyte levels and serum 

creatinine over the duration of diuretic therapy. There was no statistically significant change in 

patients’ creatinine from immediately prior to therapy to the last day of therapy, with a mean 

increase in creatinine of 0.14 mg/dL (95% CI −0.03, +0.30, p=0.10).

Conclusion: Our strategy of treating AHF by achieving high UOP, while maintaining stable 

electrolytes and creatinine in a short period to euvolemic state, is safe.

Keywords: diuretics, aquaretic, acute heart failure, volume overload

Introduction
Acute heart failure (AHF) is a leading cause of hospitalization and readmission in the 

US.1,2 Worsening dyspnea is the most common reason for hospitalization, which is 

largely a result of sodium and water retention-related fluid overload.3,4 The standard 

management of AHF is removing the fluid primarily with loop diuretics or ultrafiltra-

tion.5,6 However, there are challenges associated with effective diuresis, not to mention 

possible adverse effects.7–9 As a result, many studies have shown that a significant 

proportion of patients with AHF are discharged with no to minimal weight loss and 

with persistently elevated natriuretic peptide levels and intra-cardiac pressures.10 These 

features are associated with subsequent adverse outcomes.11

Simultaneous blockade of the nephron channels at different sites achieves higher 

diuresis effectively and safely.8 This is accomplished by the use of medications, includ-

ing 1) acetazolamide, a reversible inhibitor of the enzyme carbonic anhydrase, which 

results in reduction in hydrogen ion secretion at the early proximal convoluted tubule 

with an increased excretion of sodium and water; 2) loop diuretics, which inhibit 

the Na+ –K+ –2Cl− pump in the thick ascending loop of Henle; 3) thiazides, which 

inhibit Na–Cl reabsorption in the distal convoluted tubule;12 4) potassium-sparing 

diuretics, which inhibit epithelial sodium channels (ENaC) at the collecting tubule;13 
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and 5)  tolvaptan, which targets vasopressin V2 receptors 

in the collecting duct,14 leading to water loss (Figure 1). 

Various combinations of diuretic therapy in AHF have been 

reported.8,15,16

The general theme of diuresis in AHF has been to 

relieve symptoms and achieve diuresis conservatively to a 

dischargeable state, which largely falls short of achieving a 

euvolemic state.10 We implemented a protocol of combined 

therapy with furosemide, metolazone, and spironolactone, 

with or without tolvaptan and acetazolamide, in an attempt 

to maximize diuresis while minimizing electrolyte imbal-

ances, hemodynamic instability, and kidney dysfunction,17 

with a goal to achieve a euvolemic state safely in a shorter 

period of time. Herein, we report our experience with this 

protocol in a retrospective series of patients with AHF and 

its impact on diuresis, kidney function, electrolyte balance, 

and hemodynamic stability.

Methods
Patient populations and diuretic protocol
The project protocol was approved by the institutional review 

board of Stony Brook University. Data were de-identified 

and stored on the secured drive of Stony Brook University. 

We retrospectively evaluated 17 patients admitted with signs 

and symptoms of fluid overload related to AHF. This was 

clinically determined by the on-service attending physician 

using the Framingham criteria for heart failure (HF) and 

echocardiographic findings.18,19 These signs and symptoms 

included the documented presence of exertional dyspnea, 

orthopnea/paroxysmal nocturnal dyspnea, jugular venous 

distention, rales, lower extremity edema, nocturnal cough, 

tachycardia >120 bpm, and pleural effusion or pulmonary 

edema as seen on radiologic imaging. We collected data on 

consecutive patients who underwent a combination regimen 

of diuretics, including intravenous (IV) furosemide (bolus or 

infusion), metolazone, and spironolactone, with or without 

tolvaptan and acetazolamide. Each diuretic was started, while 

serum electrolytes were closely monitored throughout the 

day. IV furosemide, oral metolazone, and oral spironolac-

tone were initiated first with a goal to achieve a target fluid 

loss of 4–5 L/day. Tolvaptan was added if serum Na was 

<135 mmol/L, and dose was titrated to maintain a serum 

sodium of 131–139  mmol/L (based on the initial value, 

maximum correction was 6–8 mmol/L, which did not exceed 

139  mmol/L in 24  hours). Acetazolamide was given as a 

daily IV bolus if serum bicarbonate was >30mmol/L and to 

maintain serum bicarbonate 24–30 mmol/L (Table 1). Close 

monitoring of serum electrolytes was performed to ensure 

that safe levels of sodium and potassium were maintained. 

Serum electrolyte levels were measured every 6 hours over 

each day during combination diuretic treatment. Data on net 

fluid balance and mean arterial pressure (MAP), as well as 

serum N-terminal pro b-type natriuretic peptide (BNP), were 

trended. Data on cardiac structure and function were obtained 

from the most recent transthoracic echocardiogram. After 

initial diuresis to a clinically euvolemic state as determined 

Figure 1 Schematic of sites of action and mechanism of ion channel blockade by selected diuretics in the nephron.
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by the cardiology and the nephrology attendings, the patients 

were maintained and discharged on an individualized oral 

diuretics regimen as determined by the primary team and 

cardiology and nephrology services.

Statistical analysis
Descriptive statistics were performed. Categorical variables 

were presented as numbers and proportions, and continuous 

variables were presented as mean ± standard deviation (SD). 

Categorical values were assessed with chi-square test and 

continuous variables with Student’s t-test. Differences in 

pre- and posttreatment creatinine and hemoglobin/hematocrit 

were assessed using data from immediately prior to initiation 

and last day of intensive combined diuretic therapy. The SD 

of daily electrolyte levels was averaged for each patient over 

the course of their therapy, and the mean was obtained of 

all patients. Given the tendency of extreme values to skew 

means, a range was also obtained of the highest and lowest 

electrolyte values over the course of the entire diuretic regi-

men. Patients with HF with reduced ejection fraction (HFrEF) 

were defined as those with EF ≤50%, while patients were 

considered to have HF with a preserved EF (HFpEF) if they 

had EF ≥50%.20 All calculations were performed using SAS 

software, version 9.3 (SAS Institute Inc., Cary, NC, USA).

Results
Baseline patient characteristics
Of the 17 patients, nine were male and eight were female, with 

a mean age of 69.0±15.4 years (range 38–93 years). Patients 

had a mix of comorbid conditions, including hypertension 

(n=15), coronary artery disease (n=10), and diabetes mellitus 

(n=8). The mean weight was 98.9±21.7 kg (range 70–141 kg). 

All patients had known chronic kidney disease, with a mean 

estimated glomerular filtration rate (eGFR) of 30.6±13.6 mL/

min/1.73 m2 (range 8–59 mL/min/1.73 m2).

Nine patients had HFrEF; the overall mean EF was 

44.1±18.0% (range 20%–72%). There were no statistically 

significant differences in age, GFR, or duration of diuretic 

therapy between patients with HFpEF or HFrEF. Seven 

patients were managed in an intensive care unit, nine in 

a step-down unit, and one on the general medicine ward. 

One patient had a functioning renal allograft. No patients 

needed ultrafiltration. Two of the patients were on IV ino-

tropes. The average pro-BNP levels on admission were 

10457.2±11084.6 pg/mL (range 422–32494 pg/mL), n=12. 

Three of the patients (18%) were readmitted back to the 

hospital within 30 days of discharge.

Euvolemic state
Patients had presented in a volume-overloaded state as 

defined previously, with the most common presenting symp-

tom of exertional dyspnea (n=9) and the most common sign 

reported as pedal edema (n=12). The vast majority of patients 

showed a significant improvement in signs and symptoms of 

fluid overload at the completion of diuretic therapy (Table 2).

Diuretic use and fluid balance
The mean number of days on combination diuretic protocol 

was 3.8 (range 1–8 days). The mean daily fluid balance was 

3.0±2.1 L negative. The mean daily urine output (UOP) was 

4.1±2.0 L (range 1.8–10.5 L). The MAP did not fluctuate 

significantly, with an average MAP of 79.8±5.4 mmHg in 

each patient. When serial weights were recorded, the mean 

weight loss was 7.0 kg over the duration of diuretic therapy 

(n=9, range 1.0–14.2 kg).

Average daily doses were furosemide 235±149 mg IV 

(mean dose of 2.7 mg IV/kg body weight), spironolactone 

82±37 mg orally, and metolazone 8±4 mg orally. When used, 

acetazolamide (n=1) dose was 500 mg IV and tolvaptan (n=3) 

dose was 21±8 mg orally.

Electrolyte changes
There were minimal fluctuations in serum electrolyte levels and 

serum creatinine over the duration of diuretic therapy (Table 3). 

Table 1 Combination diuretics and aquaretic protocol

Diuretics Laboratory monitoring Electrolyte goal Target fluid loss

*Furosemide
IV infusion 10–40 mg/h or boluses

Serum electrolytes q6H Na 131–139 mmol/L 4–5 L/day

^Spironolactone 25 mg QD–50 mg PO TID Serum electrolytes q6H Potassium 4–4.5 mmol/L
Metolazone 5 mg BID–10 mg PO BID Serum electrolytes q6H
#Tolvaptan 15 mg QD to 30 mg PO QD Serum electrolytes q6H Na 131–139 mmol/L
$Acetazolamide 500 mg IV QD Serum electrolytes q6H HCO3 24–30 mmol/L

Notes: *Doses of furosemide and metolazone were titrated based on UOP. ^Spironolactone dose was titrated to maintain serum potassium of 4–4.5 mmol/L (mEq/L). 
#Tolvaptan dose was titrated to maintain a serum sodium of 131–139 mmol/L (mEq/L); based on the initial value, the maximum correction was 6–8 mmol/L (mEq/L) and not 
to exceed 139 mmol/L (mEq/L) in 24 hours. $Acetazolamide was used to maintain serum bicarbonate 24–30 mmol/L (mEq/L).
Abbreviations: IV, intravenous; PO, by mouth; UOP, urine output.
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with a diuretic and aquaretic regimen including furosemide, 

metolazone, and spironolactone within a mean of 4 days. 

Acetazolamide and tolvaptan were used as needed. Renal 

function and serum electrolytes remained stable. Given the 

frequent readmissions and lengthy hospitalizations for AHF, 

this strategy accelerated restoration to a clinically euvolemic 

state.

The current pattern of diuretic use in AHF suggests that 

patients are inadequately diuresed by the time of discharge. 

The 30-day all-cause readmission rate after AHF remains 

~25% for Medicare patients.2 Although the factors contrib-

uting to this trend are multifactorial, one potential reason is 

that patients are not effectively treated before discharge.21 A 

combined analysis of the Diuretic Optimization Strategies 

Evaluation (DOSE) and the Cardiorenal Rescue Study in 

Acute Decompensated Heart Failure (CARRESS-HF) trials 

has demonstrated that more than one-third of the patients still 

had congestion when they were discharged from the index 

hospitalization.6 Our goal in this case series is to show that 

patients have effectively and safely achieved a euvolemic 

state in a short time interval.

The mean duration of diuretic therapy was <4 days, and 

the mean daily UOP was >4 L, and this was achieved with 

relatively stable kidney function and hemodynamic and 

electrolyte parameters. There was only a non-significant 

trend toward increase in creatinine. Likewise, the changes in 

electrolytes occurred within generally accepted parameters. A 

high dose of spironolactone also helped maintain potassium 

levels within the target range in the setting of significant 

diuresis. We emphasize that while the combination diuretic 

therapy was successfully administered in settings ranging 

from intensive care units to general medicine wards, this was 

accomplished with the use of frequent serum blood testing 

and a close working relationship between the nephrology 

service and consulting teams.

Our data are limited to in-hospital outcomes. The effect 

of our strategy on post-discharge outcomes requires a com-

parator group and longer term follow-up. Although based on 

Table 2 Number of patients with signs and symptoms of fluid 
overload prior to and after diuretic therapy

Sign/symptom Present  
before  
therapy

Present  
after  
therapy

Pedal edema 12 0
Pleural effusion 10 4
Rales 9 5
Exertional dyspnea 9 0
Pulmonary edema 8 0
Orthopnea/paroxysmal nocturnal dyspnea 5 0
Jugular venous distention 4 0
Tachycardia >120 bpm 3 0
Nocturnal cough 0 0

Table 3 Serum electrolyte and creatinine fluctuations over the 
course of treatment

Electrolyte Mean*  
(mmol/L)

SD^  
(mmol/L)

Range#  
(mmol/L)

Sodium 138.0 1.3 5.1
Potassium 4.0 0.3 1.1
Chloride 93.9 3.0 8.9
Bicarbonate 30.0 2.2 8.0
Magnesium 2.1 0.1 0.5
Phosphate 4.3 0.5 1.1
Creatinine 2.33 0.16 0.55

Notes: *Mean of individual daily electrolyte concentrations averaged across all 
patients. ^SD of individual daily electrolyte fluctuations averaged across all patients. 
#The range of individual daily electrolyte fluctuations averaged across all patients.

Table 4 Daily changes in serum electrolytes, creatinine, eGFR, and mean daily urine over 96 hours

24 hours 48 hours 72 hours 96 hours

Change in serum potassium, mmol/L (±SD) −0.20 (0.43) +0.17 (0.42) −0.11 (0.39) −0.06 (0.38)
Change in serum sodium, mmol/L (±SD) −0.45 (1.95) −0.38 (1.82) −0.27 (1.53) +0.58 (0.51)
Change in serum bicarbonate, mmol/L (±SD) +1.89 (2.55)* +1.46 (2.83) −0.22 (1.79) +0.86 (0.13)
Change in serum creatinine, mg/dL (±SD) +0.05 (0.20) +0.64 (0.18) +0.02 (0.20) +0.01 (0.15)
Change in eGFR, mL/min/1.73 m2 (±SD) −0.29 (4.82) −1.31 (3.95) +0.39 (3.07) +2.76 (6.63)
Mean total UOP, mL (±SD) 4123 (2272) 4679 (2122) 3971 (2201) 2623 (1419)

Note: *Statistically significant change from prior at p<0.05.
Abbreviations: eGFR, estimated glomerular filtration rate; SD, standard deviation; UOP, urine output.

The changes in serum sodium, potassium, and eGFR in 24-hour 

intervals as well as the daily mean UOP are shown in Table 4. 

There was no statistically significant change in patients’ creati-

nine from immediately prior to therapy to the last day of therapy, 

with a mean increase in creatinine of 0.14 mg/dL (95% CI 

−0.03, +0.30, p=0.10). Eight out of 17 (47%) patients required 

potassium supplementation over the course of diuresis, with an 

average daily dose of 38.6±25.7 mEq (range 25–100 mEq). 

Individual patients’ data are shown in Table 5.

Discussion
We report a series of 17 patients with AHF due to severe 

volume overload who achieved clinical euvolemic status 
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the association of persistent congestion and outcomes, these 

data are encouraging for potentially improving outcomes in 

AHF patents. This protocol was used with close monitoring of 

electrolytes under the supervision of an experienced team of 

cardiologists and nephrologists. This case series demonstrates 

the potential of combination diuretic therapy for allowing 

diuresis of a large amount of fluid safely and within a short 

period of time. Ultimately, this may prevent prolonged hospi-

tal stay and frequent readmissions, and such a strategy needs 

to be evaluated in a randomized controlled trial.

Conclusion 

We extend our strategy in treating volume-overloaded AHF 

patients and achieving high UOP while maintaining stable 

electrolytes and creatinine in a short period to a euvolemic 

state. Further data on longer term outcomes are needed.
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