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Introduction: High doses of furosemide for heart failure (HF) have been correlated with an increased mortality, though whether they are a marker of disease severity or an independent predictor is unknown. We
hypothesized that, in patients presenting with stable HF, the likelihood of long-term major adverse clinical
events is increased by higher furosemide doses.
Methods: We retrospectively recorded the doses of furosemide prescribed to 173 consecutive, clinically stable patients during a first ambulatory HF department visit. The low-dose group included 103 patients treated
with ≤80 mg and the high-dose group included 70 patients treated with >80 mg of furosemide daily. Proportional hazard regression analyses were performed with single and multiple variables in search of correlates of long-term adverse clinical events. Hazard ratios (HR) and 95% confidence intervals (CI) were calculated.
Results: The baseline characteristics of the 2 groups were similar, except for estimated glomerular filtration rate, which was higher in the low- than the high-dose group (72.9 ± 19.4 vs. 60.8 ± 22.0 mL/min/
m2, p<0.001). The 3-year survival free from the composite endpoint was significantly higher in the lowdose group than in the high-dose group (93.1% vs. 60.0%, p<0.001). By multiple variable analysis, highdose furosemide was an independent predictor of an adverse outcome at 3 years (adjusted HR: 15.25; 95%
CI:1.06-219.39, p=0.045). The incidence of deterioration of renal function and episodes of hypokalemia
during follow up was also higher in the high furosemide dose (73.2% vs. 48.3, p=0.003, and 43.1% vs.
6.5%, p<0.001, respectively).
Conclusions: High doses of furosemide administered in order to stabilize HF patients and continued thereafter are associated with an adverse clinical outcome.

D

espite the great diagnostic and
therapeutic progress made in
past decades, heart failure (HF)
remains a major socioeconomic challenge
for Western societies, directly accounting, in the U.S. alone, for nearly 57 × 103
deaths/year, 1 and an annual economic
burden in excess of $31 billion.2 Although
they may present with symptoms and signs
of both low output and circulatory congestion, over 90% of patients hospitalized for
decompensated HF present with signs of
volume overload.3 Therefore, the current
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professional practice guidelines recommend euvolemia as a primary therapeutic
target.4
Diuretics were introduced for the
treatment of HF nearly 50 years ago. 5,6
Since the management of HF has consisted mainly of controlling symptoms, diuretics have played a central role by promoting the renal secretion of sodium and alleviating signs of circulatory congestion.7
Loop diuretics in particular, which possess
the most potent natriuretic properties,
have been assigned a class I recommenda-
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tion for the relief of symptoms in patients presenting
with signs of congestion.8,9 However, this recommendation is supported by a level of evidence C and no
systematic algorithm to optimize the dosing regimen.
The administration of diuretics for HF has been
associated with increased morbidity and mortality.10-12 However, recent observations have challenged
the causal relationship between diuretic dose and
clinical outcome.13 In that study, the patients treated
with the highest doses of diuretics had a higher prevalence of concomitant illnesses, were more gravely ill,
and more often had histories of clinical instability,
which was identified as the single independent predictor of outcome. The authors suggested, therefore,
that high doses of diuretics are a marker of clinical instability, which determines the prognosis, instead of a
separate risk factor.
Our study was designed to examine the association between doses of loop diuretics and clinical outcomes in patients presenting with HF and no recent
history of clinical instability.
Methods
Study population
The study included 173 consecutive patients referred
between 1992 and 2008 to a single university medical
center for the management of stable HF. We excluded from the study patients 1) who presented with a
history of disease instability, defined as a) hospitalization for management of HF or change in New York
Heart Association (NYHA) functional class within
6 months, or b) change in diuretic dosage within 3
months before the baseline visit, 2) <18 years of age,
3) not followed regularly for ≥3 years, or 4) who did
not receive furosemide at baseline.
Study endpoints and data collection
The primary endpoint of the study was a composite of
all-cause mortality, heart transplantation, and mechanical assist device implantation. The secondary study
endpoints were 1) a ≥25% decrease in estimated glomerular filtration rate (eGFR) from baseline, calculated by the Modified Diet in Renal Disease equation,
and defined as a worsening of renal function (risk of
acute kidney injury according to the RIFLE criteria),14
and 2) the incidence of hypokalemia, defined as a serum potassium concentration below the lower limit of
the normal range for our laboratory (<3.5 mmol/L).

A detailed medical history, clinical characteristics, and drug regimen and doses, including dose of
daily loop diuretics, were recorded at the baseline visit. A cutoff of 80 mg/day of furosemide, the median
dose of loop diuretic administered in our study population, separated the high- from the low-dose group.
Laboratory testing, echocardiography, right heart
catheterization and cardiopulmonary exercise testing
were recorded.
Statistical analysis
Continuous variables, presented as mean ± standard
deviation, were compared using Student’s t-test, and
categorical variables, presented as percentages, were
compared using the chi-square test. The patients’ survival rates were analyzed by the Kaplan–Meier method and compared using the log-rank test.
The prognostic significance of each variable with
respect to the composite primary study endpoint was
examined using Cox’s single and multiple variable
proportional hazards models. The variables entered
in the univariate analysis included age, sex, ischemic
heart disease, left ventricular (LV) end-diastolic and
end-systolic diameters, LV ejection fraction, NYHA functional class, mitral valve regurgitation grade,
eGFR, systolic and diastolic systemic pressure, heart
rate, right atrial pressure, pulmonary systolic arterial
and capillary wedge pressures, serum sodium and potassium levels, and drug therapy. All covariates that
were significant in the univariate analyses and those
known to have clinical significance or a confounding
effect were entered into the final model. Covariates
in the final model included age, sex, NYHA class,
ejection fraction, eGFR, serum sodium levels, systolic
blood pressure, heart rate, pulmonary capillary wedge
pressure, b-blocker therapy and high doses of diuretics. A two-sided 95% confidence interval (CI) was
calculated around the point estimate of the hazard ratio (HR) associated with each study variable.
With respect to the secondary endpoints, the two
groups were compared with each other using the unpaired t-test. All p-values were two-sided and a value
<0.05 was considered statistically significant for all
analyses.
Results
The mean age of the sample was 56 ± 12 years and
the underlying heart disease was non-ischemic cardiomyopathy in 56% of patients. The mean NYHA func(Hellenic Journal of Cardiology) HJC • 155
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tional class was 2.1 ± 0.6, LV ejection fraction was 27
± 7%, peak oxygen consumption was 18 ± 5.1 mL/
kg/min, and mean eGFR was 68.3 ± 22.2 mL/min/m².
Of the 173 patients, 70 (40.5%) received >80 mg and
103 (59.5%) received ≤80 mg of furosemide (Figure
1). The baseline characteristics of the entire sample
and of each study group are shown in Table 1. The
only difference between the two study groups was a
significantly lower eGFR in the high- than in the lowdose group.
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Primary endpoints
During the follow-up period (5.8 ± 3.7 years) there
were 80 primary endpoints. Seventy-one patients
died, seven patients underwent implantation of a mechanical circulatory assist device, while two patients
underwent transplant. The composite event-free survival rates were 100% versus 84.3% at 1 year, 97.1%
versus 74.3% at 2 years and 93.1% versus 60.0% at 3
years of follow up in the low versus high furosemide
dose groups, respectively (Figure 2). By single variable analysis, a high dose of furosemide emerged as
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Figure 1. Distribution of diuretic doses in the study sample.
At baseline 103 patients (59.5%) were treated with low and 70
(40.5%) with high doses of furosemide.

a strong predictor of adverse clinical outcomes at
3 years (HR 7.3, 95% CI 3.2-16.8, p<0.001). After
adjustment for covariates, a high diuretics dose remained an independent predictor of the composite

Table 1. Baseline characteristics of the overall sample and of each study group.
All patients

Values are means ± SD or % of observations.
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p

(n=70)

(n=103)

56 ± 12
44
2.1 ± 0.6

58 ± 11
50
2.1 ± 0.5

55 ± 12
42
2.0 ± 0.6

0.07
0.31
0.09

68 ± 8
55 ± 8
27 ± 7
1.4 ± 0.6

69 ± 7
56 ± 7
28 ± 8
1.5 ± 0.7

67 ± 8
54 ± 8
26 ± 7
1.3 ± 0.5

0.17
0.10
0.07
0.07

113 ± 20.1
75 ± 11.3
74.7 ± 13
68.3 ± 22.2
5.5 ± 3.1

111 ± 17
75 ± 12
75.7 ± 13.8
60.8 ± 22.0
6.1 ± 3.7

114 ± 22
75 ± 11
74 ± 12.5
72.9 ± 19.4
5.0 ± 2.6

0.36
0.77
0.38
<0.001
0.13

41.6 ± 13.6
14.5 ± 7.1
107 ± 97

44.9 ± 12.9
16.2 ± 7.1
191 ± 104

39.4 ± 13.7
13.6 ± 6.9
52 ± 23

0.07
0.07
<0.001

52
92
48
51

59
91
43
57

47
93
56
47

0.12
0.66
0.09
0.36

(n=173)

Age
Ischemic heart disease
New York Heart Association functional class
Left ventricular
Diameters, mm
End-diastolic
End-systolic
Ejection fraction, %
Mitral valve regurgitation, grade
Systemic pressure, mmHg
Systolic
Diastolic
Heart rate, bpm
Estimated glomerular filtration rate, mL/min/m2
Right atrial pressure, mmHg
Pulmonary pressure, mmHg
Systolic arterial
Capillary wedge
Furosemide dose, mg
Drug regimen
Beta-adrenergic blocker
Angiotensin-converting enzyme inhibitor
Aldosterone antagonist
Digoxin

Study groups
High dose
Low dose
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Table 2. Correlates of 3-year mortality by multiple variable analysis.

Age
Male sex
New York Heart Association class
Left ventricular ejection fraction
Systolic pressure
Heart rate
Serum sodium levels
Estimated glomerular filtration rate
Pulmonary capillary wedge pressure
B-blocker therapy
High furosemide dose

Hazard ratio
(95% confidence
interval)

p

1.04 (0.90-1.21)
0.78 (0.05-12.56)
1.211 (0.12-12.43)
0.94 (0.80-1.12)
1.05 (0.97-1.13)
0.91 (0.79-1.04)
0.84 (0.25-2.84)
0.95 (0.90 -1.01)
1.27 (1.01-1.60)
0.19 (0.02-1.76)
15.25 (1.06-219.39)

0.601
0.860
0.872
0.503
0.248
0.155
0.776
0.058
0.043
0.144
0.045

0.8

0.6

Survival

Variable

1.0

0.4

0.2
Groups

High furosemide dose
Low furosemide dose

0.0

primary endpoint (adjusted HR 15.25, 95% CI 1.06219.39, p=0.045). The only other independent predictor of an adverse clinical outcome at 3 years was baseline pulmonary capillary wedge pressure (adjusted
HR 1.27, 95% CI 1.01-1.60, p=0.043). Although eGFR did not reach the level of statistical significance as
a predictor, possibly because of the small sample size,
a potential prognostic impact of preserved renal function was demonstrated (adjusted HR 0.95, 95% CI
0.90-1.01, p=0.058).
Secondary endpoints
During the follow-up period, the incidence of renal
function deterioration was significantly higher in the
group receiving a high furosemide dose compared to
those with a low furosemide dose (73.2% vs. 48.3%,
p=0.003). Patients receiving the high furosemide
dose also presented more often with hypokalemia
during follow up in comparison to patients receiving
low doses of furosemide (43.1% vs. 6.5%, p<0.001).
Discussion
The new and important observation made in this
study was the independent predictive value of baseline doses of furosemide in patients presenting with
stable chronic HF. Furthermore, the correlation between furosemide doses and the long-term development of hypokalemia and deterioration of renal function might have major implications regarding the
poorly understood pathophysiological mechanisms
that account for the detrimental effect of diuretics on
HF patients’ survival.
Several hypotheses have been proposed to ex-
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Figure 2. Primary endpoint-free survival of patients treated with
high (dashed line) versus low (continuous line) doses of furosemide (p<0.001; log-rank).

plain the putative adverse effects of diuretics on the
clinical outcomes of patients suffering from HF. Diuretics stimulate the renin–angiotensin–aldosterone
system and activate the sympathetic nervous system
by depleting the circulating blood volume, contributing to further HF progression.15,16 The inappropriate
activation of the neurohormonal axis and sympathetic nervous system has been associated with increased
mortality in HF patients,17-19 while the use of drugs
that counteract this activity improves their prognosis. 20-22 Additionally, a recent study demonstrated
that high-dose loop diuretics were associated with increased mortality in patients with elevated blood urea
nitrogen, further suggesting that neurohormonal activation may mediate these unfavorable effects.23 Others have attributed the deleterious effects of diuretics to the induction of hypotension or fatal arrhythmias by the depletion of electrolytes.24 On the other
hand, high doses of diuretics have been associated
with an increased incidence of renal dysfunction in
hospitalized HF patients,25 a well-established predictor of morbidity and mortality in patients hospitalized for HF decompensation.26 The administration of
high diuretic doses may partially mediate the interactions between renal and cardiac function, which often
appear during the progression of HF. These interactions have been proposed by several authors to be a
(Hellenic Journal of Cardiology) HJC • 157
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major contributor to the development of the cardiorenal syndrome and a putative mechanism of the adverse effects of diuretics on the prognosis of patients
suffering from HF.11,27 In line with what has been
suggested thus far, our observations demonstrate that
the prominent adverse effects of high doses of furosemide on survival may be attributed partially to the
deterioration of renal function and the induction of
hypokalemia. The true pathophysiological pathways
through which diuretics interact with the cardiovascular system and determine the prognosis of HF remain poorly investigated and understood. Dangerous ventricular arrhythmias caused by hypokalemia, a
common side effect of excessive diuresis, might be the
substrate for some of the adverse effects of diuretics
in the setting of clinical stable HF. The lack of firm
evidenced-based recommendations regarding the use
of diuretics in the ambulatory treatment of HF delegates their use to the caregivers’ knowledge, experience, and preference. The results of our study suggest
that diuretics exert a significant, adverse effect on the
prognosis of clinically stable HF patients. Until the
mechanisms underlying these effects are explained,
high doses of diuretics must be regarded as potentially detrimental in this subset of patients. Unless
required intravenously for the alleviation of major
symptoms during acute episodes of HF decompensation or in high oral doses immediately after the episode, a strategy of cautious, though deliberate downtitration of the dose of diuretic seems prudent after
the patient’s clinical stabilization, a strategy whose
feasibility has been described previously.28
The results of our study underline the need to
closely monitor the serum electrolytes in all HF patients treated with loop diuretics, especially when administered in high doses. The need to administer high
doses of furosemide to preserve a euvolumic state is
probably a sign that another treatment is needed.
Study limitations
While the data were collected prospectively, our study
was limited by the retrospective design of the analysis. Despite a comprehensive multiple variable analysis, we cannot exclude the contribution of an unidentified confounding baseline characteristic or treatment
to the better clinical outcomes of patients treated with
low doses of furosemide. Furthermore, since we limited our analysis to patients who had remained clinical
stable for ≥3 months, our results might not apply to patients with histories of recent cardiac decompensation.
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Conclusions
The prescription of high doses of furosemide had a
significant adverse effect on the survival of patients
presenting with stable HF. This effect was correlated with both worsening of renal function and the incidence of hypokalemia events during follow up, as
was previously hypothesized. Since loop diuretics are
a major component of HF therapy, large randomized
studies are warranted with a view to developing recommendations regarding their use based on solid evidence. In the meantime, attempts should be made to
minimize the doses of diuretics administered to patients with histories of stable HF or, should this not
be possible, to consider other therapeutic measures.
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