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INTRODUCTION

 In order to manage patients with volume overload, 

intravenous loop diuretics make an important contribution 

to the treatment of symptoms and the optimization of 

hemodynamic status. In addition to their role in heart 

failure and chronic cirrhosis with ascites management, 

diuretics are also recommended in the management of 

renal insufficiency and pulmonary hypertension [1-6]. 

Historically, furosemide has been the first of its kind and 

the most commonly used loop diuretic [7,8]. Furosemide 

40 mg to bumetanide 1 mg and torsemide 20 mg combined 

with bumetanide or torsemide has been reported to have 

equal effects on loop diuretics. [9-11]. 

 The use of diuretics to treat a variety of diseases 

has consistently demonstrated the deleterious 

consequences resulting from these agents and no precise 

dosing strategy has yet been identified [6,12,13].  

In addition to ototoxicity, activation of 

neurohormones, volume depletion and electrolyte 

imbalance, these agents are known to cause adverse 

effects. Patients with heart failure who receive high 

diuretic doses also have a greater hospital stay and higher 

mortality rates [9,10,12,14]. Hypertension, decreased renal 

perfusion and decreased cardiac output can be symptoms 

of over diuresis. During intermittent and continuous loop 

diuretics, serum creatinine increases by an average of 0.23 

mg/dL and 0.14 mg/dL, respectively, as a result of 

decreased renal blood flow. [9]. All loop diuretics have 

been linked to ototoxicity, although bumetanide may be 

less likely than furosemide to cause it [10,14].
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ABSTRACT 

Objective: Patients receiving 48 hours of treatment and a subgroup of patients with heart failure will be studied to 

determine what effect bumetanide has on urine output (UOP). (HF) after 48 hours of therapy. A comparison of bumetanide 

and furosemide potency was conducted using this subgroup. During therapy, electrolyte replacement was a secondary 

safety objective. Methods: Study design: Among patients receiving bumetanide intermittently versus continuously, the 

dose-response relationship was compared by measuring UOP per mg of drug received (mL/mg). An I.V. concomitant study 

of bumetanide and furosemide was performed in a subset of patients with congestive heart failure on the basis of pre-

existing data. The safety of intravenous bumetanide was evaluated by quantifying electrolyte replacement during the study 

period. Results: Intermittent (I.V) groups (n=46) achieved higher primary outcomes than continual (I.V) groups (n=8) 

(P=0.001). For the intermittent I.V group and 24:1 for the continuous I.V group of patients with HF who received 

furosemide (intermittent IV n=15, continuous IV n=13), we found a potency ratio of 31:1 and 24:1 for those who received 

bumetanide (intermittent IV n=7, continuous IV n=2). Neither group replaced electrolytes significantly differently 

Conclusion: When intermittent bumetanide was administered instead of continuous infusion, there was a greater response. 

It is supported by this study that furosemide and bumetanide have equivalent dose equivalence ratios when administered 

intravenously intermittently to patients with HF. 
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Arrhythmias may occur when diuretics induce 

electrolyte abnormalities. Although bumetanide has a 

slightly lower kaliuretic effect than furosemide, both drugs 

may work in much the same way [10, 15]. This difference 

may result in less arrhythmogenicity, but its clinical 

significance remains unclear. According to an analysis of 

the National Registry for Acute Decompensated Heart 

Failure, patients who received higher doses of IV loop 

diuretics during the first 24 hours of hospital admission 

were more likely to spend more than three days in the 

intensive care unit, more than four days in the hospital, and 

more likely to die in hospital. [17, 18]. Additionally, 

several studies have shown that chronic diuretic dose and 

mortality are positively correlated. However, 

inconsistencies have been reported in the conversion of 

loop diuretics to furosemide equivalent amounts [13]. 

However, it is an important consideration despite not 

knowing how this may affect outcomes there are slight 

differences between bumetanide and furosemide in their 

pharmacokinetic profiles, which may affect the drug's 

response or toxicity [10]. They both act on sodium-

potassium-chloride channels within the ascending loop of 

Henle via active transport via active transport into the renal 

tubules [9]. The oral bioavailability of bumetanide is 

greater and more consistent than that of furosemide, which 

is relevant in diseases such as heart failure, in which oral 

absorption is often compromised. Cirrhosis, chronic kidney 

disease, heart failure, and ascites with ascites are all 

conditions characterized by a greater volume of 

distribution and increased extracellular fluid which may 

require shorter dosing interval or higher doses to achieve 

adequate drug concentration at the site of action. The 

concentration of the drug in the body increases with 

increased dose, whereas sodium retention can be prevented 

by decreasing the dosing interval because the intravascular 

volume decreases during the end of the dosing interval. 

These strategies and more aggressive doses don't guarantee 

a maximal diuretic effect in all edematous disease states. 

Diuretics must be dose-selected carefully in light 

of their dose-related adverse effects in order to achieve 

maximum therapeutic benefit. A national shortage forced 

the Medical University of South Carolina to substitute an 

IV bumetanide for an I.V furosemide as the formulary loop 

diuretic. As IV bumetanide is increasingly being used, we 

conducted a quantitative study to evaluate the dose 

response of IV bumetanide when dosed continuously or 

intermittently, compare IV bumetanide dose response to IV 

furosemide in HF patients, and describe any adverse 

effects encountered with the drug. 

Our study determined if intermittent or continuous 

infusions of bumetanide at our institution affected dose-

response effects. Thomson and colleagues [26] previously 

collected data at our institution on IV bumetanide and IV 

furosemide potency in a subset of HF patients [27]. 

Moreover, this study aimed to determine whether IV 

bumetanide would affect electrolytes in a safe manner. 

METHODS 

Study Design 

Observational research was conducted on patients 

who had received intravenous bumetanide for a minimum 

of 48 hours. A 20:2 ratio was implemented for orders of IV 

furosemide to be automatically converted to IV 

bumetanide at this time. This substitution was available to 

all hospital patients. Those under 18 years of age, those 

who received bumetanide for less than 48 hours, or those 

without urine output records were excluded from the study. 

Institutional review board approval was obtained for this 

study. 

 

Data Collection 

Patients were interviewed about their 

demographics, length of stay in hospital, past medical 

history, admission diagnosis, as well as the medications 

they took at home and in the hospital. It was collected daily 

how much bumetanide was given, whether it was 

intermittent or continuous infusions, how much fluid was 

consumed and how much urine was pumped, how much 

sodium, blood urea nitrogen, serum creatinine, and 

albumin was taken or refilled. At admission and discharge, 

weights and B-type natriuretic peptides were collected. 

The primary endpoint of this study was 

determined by calculating the average daily urine output 

for all bumetanide doses received (mL/mg). A calculation 

was made for each patient by summarizing their urine 

output and then dividing the total amount of drug received 

by their urine output. By dividing this value (mL/mg) by 

the duration of therapy (days), we can determine the 

average daily urine output per mg of drug received for each 

patient. As a primary outcome, we looked at the mean 

(standard deviation; SD) of this number. 

By selecting only patients with systolic HF and 

comparing their urine output with the preexisting data 

describing this outcome with IV furosemide, a more 

homogeneous patient population was selected to compare 

IV bumetanide to IV furosemide's potency. [26]. In 

addition to measuring safety in this study, electrolyte 

replacement administered while on therapy was quantified 

as a secondary objective. 

 

Statistical Analysis 

In addition to categorical data, continuous 

variables, including primary outcome and secondary 

outcome measuring the safety of intermittent I.V. 

bumetanide over continuous I.V. bumetanide, were 

reported as means (SDs). The Mann-Whitney-U test was 

used to test for significant differences. Based on the 

previously described measurement for bumetanide 

(mL/mg/day), potency ratios were calculated. 

Data analysis feasibility and number of patients 

were taken into account in order to determine the size of 

the sample. The power of 80% was calculated using post-

hoc power calculations. We detected independent variables 
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that were associated with the primary outcome by 

employing Spearman rank correlation with pair wise 

exclusion. The significance of this study was assessed 

using a p-value of 0.05. Data analysis was performed using 

SPSS 12.0 version. 

 

RESULTS 

The drugs were administered intravenously to 115 

patients for a period of at least 48 hours. After exclusion of 

patients with no urine output recordings or doses held 

resulting in less than 48 hours of bumetanide therapy, 54 

patients were included in the analysis of bumetanide 

efficacy, after excluding those with no urine output records 

or doses held. The patients were dosed intermittently, and 

eight of them were dosed continuously (14.81%). The 

potency of bumetanide and furosemide was compared in 

16 patients (29.62%) with systolic HF. 

In Table 1, we find that baseline characteristics 

are similar among groups. Males constituted 52.3% of the 

patient population. It averaged 58.2 years of age 

(SD=15.3). More than one third of the intermittent patients 

had a serum creatinine level greater than 1.5 mg/dL at 

baseline when compared with the continuous patients. As a 

result of intermittent intravenous administration, serum 

sodium concentrations were significantly higher. Several 

baseline characteristics of the patients in this study 

resemble those in Thomson et al's study (age, race, serum 

creatinine). A major difference existed, however, between 

the populations. In the present study, patients who were 

diagnosed with heart failure outside of an acute 

exacerbation of the disease were included in the study. 

 

According to Table 2, the continuous I.V group 

had significantly higher mean daily bumetanide doses and 

mean daily urine output; however, the intermittent group 

had significantly better primary outcomes. A weight-based 

primary outcome was also used to analyze the data, but the 

results were not influenced by this method. Both 

continuous I.V. and intermittent I.V. groups included 

patients with heart failure, renal insufficiency, or both. 

Bumetanide responded poorly in the HF+RI group. The 

average total daily dose and response to bumetanide 

(mL/mg) were statistically significant in a correlation 

analysis. I.V bumetanide and I.V furosemide were 

compared in HF patients based on previously published 

data and they showed similar dose-response effects [26].  

Intermittent intravenous bumetanide and 

continuous intravenous bumetanide caused electrolyte 

disturbances measured as an average potassium and 

magnesium electrolyte replacement per patient per day 

during the research study. In terms of electrolyte 

replacement, none of the dosing strategies showed a 

significant difference. In both intermittent and continuous 

dosing groups, potassium replacement averaged 25.1 mEq 

daily compared to 14.4 mEq daily. Among 54 patients, 

potassium replacement averaged 11 (SD=30) mEq a day 

and magnesium replacement averaged 0.123 mg a day 

(SD=0.557). 

 

Table 1: Patients who received intravenous bumetanide were provided with baseline demographic information and 

laboratory values. 

Baseline demographics and laboratory values 

mean (sd) 

Intermittent infusion (n=46) Continuous infusion (n=8)  

P- value 

Age  48.8 45.1 0.419 

Male in per cent 49.7 50.3 0.684 

Serum creatinine [mg/dL] 1.15  1.04  0.39 

Blood urea nitrogen [mg/dL] 31.74  28.78 0.478 

Sodium [m Eq/L] 134  130  0.015 

Albumin [g/dL] 1.97  1.87  0.104 

Weight on admission [kg] 89.7  87.45 0.798 

Admisssion diagnosis (N)  

Acute coronary syndrome 2 1  

Heart failure 16 0  

Subarachnoid /StrokeHemorrhage 3 3  

Cardia-othoracic surgery 2 3  

Infectious disease 4 1  

 Respiratory disorder/Pulmonary hypertension 4 0  

Gastrointestinal disease 5 2  

Other 8 0  

 

Table 2: The primary outcome shown below shows the number of mg of bumetanide metabolized daily per patient by 

urine output. 

 Intermittent infusion 

(n=46) 

Continuous infusion (n=8) P-value 
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Mean (SD) total daily dose [mg] 3.14  7.45  *< 0.001 

Mean (SD) daily urine output [mL] 1287 1995 *< 0.001 

Daily urine output per bumetanide dose (SD) 

[mL/mg] 

636 374  *0.002 

 

Table 3: Study comparing bumetanide and furosemide potency in patients with heart failure when both were 

administered intermittently and continuously 

 Continuous IV 

infusion  

Intermittent IV infusion  All patients with heart 

failure 

Bumetanide UOP per mg drug [mL/mg] mean (SD)  537 448 505 

Furosemide UOP per mg drug [mL/mg] mean (SD) 19 11 15 

Furosemide: Bumetanide equivalence ratio 27:1 41:1 35:2 

 

DISCUSSION 

Using our retrospective analysis, we quantified 

the dose-response relationship between IV bumetanide and 

intermittent dosing and determined that intermittent dosing 

had the greater dose-response relationship. Although there 

was variability in response between patients with HF, RI, 

or otherwise healthy individuals, significant differences 

were not observed. Due to pharmacokinetic and 

pharmacodynamic changes in HF+RI patients and the 

difficulty of maintaining adequate diuresis, there may be a 

low response in the group. Finally, this study confirms the 

20:2 dose equivalency between furosemide and 

bumetanide administered intermittently. Continuously 

infused patients had a lower 20:2 ratio. 

Recent literature emphasizes the need to evaluate 

clinical outcomes using a diuretic equivalence ratio other 

than the well-established 20:2. An example of this is the 

study Eshagian et al. conducted on independent predictors 

of mortality in severe heart failure patients [12]. Using the 

equivalent of furosemide as a measure of chronic diuretic 

dose, mortality was independently predicted. Furosemide 

80 mg and bumetanide 3 mg were considered equivalent in 

this study. The average daily dose of chronic bumetanide 

patients may have been underestimated if the 

bioavailability of oral furosemide is approximately 25%. 

The Diuretic Optimization Strategies Evaluation (DOSE) 

trial evaluated four different dosing strategies for acutely 

decompensated heart failure patients. [13] With a dose 

conversion method, 4 mg of furosemide were converted to 

20 mg of torsemide and 1 mg of bumetanide. It is assumed 

that oral bioavailability of furosemide is 25%, which 

would yield a ratio of 40:10:1 for flurosemide: torsemide: 

bumetanide. [11, 22] A lower dose of IV furosemide may 

have been administered to patients admitted to the DOSE 

trial based on their home dose of torsemide or bumetanide. 

It is debatable whether furosemide is suitable for oral 

administration due to its low bioavailability 

Our study has several limitations. Due to the 

retrospective nature of the study, acuity of illness, baseline 

characteristics and concurrent medicines could not be 

accounted for. It is important to interpret the subgroup 

analysis that excludes patients who received thiazide 

diuretics with caution given the number of patients who 

were excluded from the continuous intravenous group. 

12% of patients receiving IV bumetanide also received 

thiazide diuretics.A thiazide diuretic was the only diuretic 

that was not well tolerated by these patients. Compared 

with IV furosemide, bumetanide's potency in patients with 

heart failure was quantified by measuring its dose-response 

effect. We will need to determine the true dose-response 

effect of continuous infusion bumetanide once the 20:2 

equipotent furosemide:bumetanide ratio has been 

established. In addition to prospective studies, further 

confirmation is needed. It is important to take into 

consideration the ratio when analyzing data using 

alternative ratios. In transitioning from intravenous 

furosemide to intravenous bumetanide, clinicians should 

maintain the 20:2 dose equivalence ratio. When furosemide 

fails to treat edematous patients, bumetanide may be of 

benefit [22]. 

There may have been a need to administer higher 

doses of bumetanide to HF and RI patients to achieve 

similar urine output, which could explain the lower UOP 

per mg given in the continuous I.V. bumetanide group. 

Moreover, the continuous I.V group had a lower baseline 

serum sodium level, which may suggest a deeper volume 

overload, which is accompanied by a greater need for 

diuresis, but not a greater need for diuretics. Since there are 

fewer patients in the continuous I.V. bumetanide group 

and/or a greater proportion of diuretic resistant patients, we 

can only hypothesize that the difference is caused by the 

presence of diuretic resistant patients. 

Based on this assumption, we assumed that urine 

output was accurately recorded in the patient's medical 

record. By comparing normal electrolyte levels with 

electrolyte replacement, we evaluated the potential for 

arrhythmias. Since the study was retrospective, additional 

potentially adverse effects of loop diuretics, including 

increases in myalgias, serum creatinine, hypotension, 

hyponatremia, and ototoxicity, could not be assessed 

adequately. Furthermore, the original patient population 

was excluded from this study. A number of factors 

contributed to this, including difficulties gathering 
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retrospective data and inadequate technology for 

identifying potential patients. 

In retrospect, urine output monitoring was not 

regulated and poor records prevented many patients from 

being included. Due to a number of factors, such as the 

absence of a specific physician order, the patient's location 

outside of an intensive care unit, or the absence of a foley 

catheter, urine output for these patients may have been 

recorded as an "occurrence" only. Patients on bumetanide 

therapy for at least 48 hours were generated using an 

electronic pharmacy system based on the number of doses 

prescribed. We observed that the actual number of doses 

administered was sometimes less than the number 

dispensed, resulting in a shorter therapy period than 48 

hours. Despite the large standard deviations of our results, 

the limitations of this study are evident. Patients receiving 

therapy for less than 48 hours might not be able to use 

these data. 

According to Thomson and colleagues [26], it is 

also difficult to compare new data with previously 

collected data. Data collection and baseline control may 

have been improved due to the. Compared to furosemide, 

bumetanide's potency cannot be accurately analyzed due to 

different study designs and timeframes. 

  

CONCLUSIONS 

By comparing IV bumetanide potency with IV 

furosemide potency in patients with heart failure, we 

quantified the dose-response effect of IV bumetanide. The 

dose-response relationship between continuous infusion 

bumetanide and furosemide must be established once the 

30:2 optimal ratio furosemide:bumetanide has been 

established. This needs to be confirmed in further 

prospective studies. The ratio should be taken into account 

whenever alternative ratios are used in literature for data 

analysis. It is important for clinicians to continue using the 

20:2 intravenous dose equivalence ratio when transitioning 

from intravenous furosemide to intravenous bumetanide. 

The efficacy of bumetanide may be beneficial to 

edematous patients resistant to furosemide. 
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