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Abstract
Background: Prognostic implications of diuretics dose are not completely understood. We aim to study the association
between diuretic doses and long-term prognosis in patients with chronic stable heart failure (HF). Methods and Results:
We conducted a retrospective cohort study of 244 patients followed at an outpatient HF clinic. Admission criteria were clinical
stability in the previous 3 months and optimized medical therapy. Demographic characteristics, clinical, and laboratory parameters
were recorded. Patients were followed for 2 years and the outcome was defined as all-cause death or hospital admission due to
HF worsening. Patients on �80 mg furosemide were compared with those on higher doses. Patients were grouped according to
furosemide dose (�80 mg and >80 mg/d) and according to volemia as assessed by the sodium retention score: <3 (euvolemia)
versus �3 (hypervolemia). Patients on higher diuretic doses (n ¼ 79) were older, more hypervolemic, and more symptomatic.
Patients on >80 mg furosemide had a higher risk of death or hospital admission (hazard ratio [HR]: 2.07, 95% confidence interval
[CI]: 1.37-3.1). For each 40-mg furosemide tablet, there was a 67% increase in risk of an adverse outcome within 2 years. The
increase in risk was independent of other variables crudely associated with prognosis. Among euvolemic patients, those on
�80 mg/d furosemide performed better than those on higher doses. Among hypervolemic patients, the diuretic dose had no
prognostic implications. Conclusions: Higher diuretic doses associated strongly and independently with adverse long-term out-
come in chronic HF. Possibly, in euvolemic patients, efforts should be made to reduce diuretic dose.
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Introduction

Diuretics have long played a role in the management of

heart failure (HF) and still do.1,2 Clinicians are well aware of

the symptomatic relief these drugs can provide in the

acute HF setting, and diuretics are part of the HF long-term

management being recommended if there are clinical signs

or symptoms of congestion.3 However, in contrast to

angiotensin-converting enzyme inhibitors (ACEIs), b-blockers

(BB), and aldosterone antagonists, which have proven advan-

tages in patient survival in large randomized controlled

trials,4-6 large prospective studies regarding the prognostic

effect of diuretic use and dose on mortality are lacking.7,8

A meta-analysis9 of small randomized controlled trials reached

the conclusion that diuretic use was associated with reduced

mortality and worsening HF. Other observational and retro-

spective studies reported increased mortality and admission

due to worsening HF for patients on diuretic therapy.10,11

Although part of the approved HF treatment, no data exist to

guide dosing strategies. Recent retrospective studies12-15 have

approached this unsolved question and reported an increased

morbidity and mortality with higher diuretic use even after

adjustment for baseline variables. A prospective study on 186

patients with HF found that the relation of higher loop diuretic

dose with death or worsening HF admission was attenuated

once clinical instability history was accounted for.16
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Animal studies showed a significantly faster deterioration

of left ventricular systolic function and increasing serum

aldosterone levels in animals receiving diuretics in compari-

son with placebo.17

In clinical practice, physicians tend to assume that patients

on higher diuretic doses are more severely ill than those on a

lower dose. In fact, it seems intuitive that patients needing

higher diuretic doses to prevent fluid retention and control

symptoms are sicker than the others. However, the potential

prognostic importance of the diuretic dose in chronic HF is not

well understood and, in theory, outcomes can be worsened by

known diuretic side effects.

The aim of this study was to compare the profile of patients

with HF according to diuretic dose and to assess the prognostic

value of diuretic dose in outpatients with mild-to-moderate

chronic HF.

Methods

We conducted a retrospective cohort study on ambulatory

patients attending a specialized HF clinic at Hospital S. João,

a public tertiary care academic hospital. Patients’ medical

records were screened in order to identify eligible patients. The

files were screened sequentially based on the file number order;

this is, from the first to the last patient referred to the HF clinic.

All patients meeting the inclusion criteria were included in the

study. Inclusion criteria were clinical stability in the previous

3 months on optimized medical therapy. Therapy was consid-

ered optimized when patients were on the highest tolerated doses

of prognosis-modifying drugs, whenever these were indicated.

Also, no change in diuretic doses was allowed in the previous

3 months. Patients with incomplete medical records and no echo-

cardiographic evaluation were excluded. A total of 244 patients

were included. Demographic and physical examination data,

comorbidities, medication in use, and laboratory parameters

were abstracted by 3 physicians who work at the clinic.

The diagnosis of HF was based on the European Society

of Cardiology criteria.3 As a general reference, severe left ven-

tricular systolic dysfunction (LVSD) corresponds to left ventri-

cular ejection fraction (LVEF) lower than 30%, moderate

LVSD to LVEF between 30% and 40%, and mild LVSD to

LVEF between 40% and 50%. Left ventricular ejection fraction

above 50% is assumed as normal systolic function

Arterial hypertension was defined as previous medical diag-

nosis or pharmacological treatment, and diabetes mellitus as

either a history of diabetes or the current prescription of either

an oral hypoglycemic drug or insulin.

b-blocker doses presented are carvedilol equivalent doses

(50 mg carvedilol ¼ 10 mg bisoprolol ¼ 10 mg nebivolol ¼
200 mg metoprolol) and ACEI doses are lisinopril equivalent

(20 mg lisinopril ¼ 8 mg perindopril ¼ 10 mg enalapril ¼
20 mg fosinopril ¼ 4 mg trandolapril ¼ 5 mg ramipril ¼
150 mg captopril).

In the analysis of prognosis, we used a combined end point

of all-cause death or hospital admission due to worsening HF.

Length of follow-up was considered from the date of optimized

therapy for 3 months until the occurrence of the end point or the

last contact with the patient, censored at 2 years.

A cutoff of 80 mg of furosemide per day was used to define

high and low loop diuretic dose and the few patients not on

diuretics were included in the low-dose group. This cutoff was

already used previously13 and corresponded to the median

value of the loop diuretic dose. We defined hypervolemia as

a sodium retention score �3.18 Patients were cross-classified

according to these 2 criteria, defining 4 groups: (1) euvolemic

on low diuretic dose; (2) euvolemic on high diuretic dose;

(3) hypervolemic on low diuretic dose; and (4) hypervolemic

on high diuretic dose.

Statistical Analysis

Continuous variables are presented as mean (standard devia-

tion) or median (interquartile range) if nonnormally distribu-

ted. Categorical variables are presented as counts and

proportions. Comparisons between groups of patients on high

and low diuretic dose were made by use of a chi-square test

for categorical variables, independent samples t test for

continuous variables that were normally distributed, and

Mann-Whitney test for continuous variables with a skewed

distribution. For comparisons of a nonnormally distributed

variable between more than 2 groups, a Kruskal-Wallis test

was used. Survival according to diuretic dose was assessed

using the Kaplan-Meier method. Cox regression analysis was

used to identify variables associated with a worse outcome.

All variables found to be associated with outcome in univari-

ate analysis as well as those shown to be significantly differ-

ent between low- and high-dose diuretic groups were

considered in a multivariate Cox-regression model. All anal-

yses were conducted using the Statistical Package for the

Social Sciences (SPSS) 13.0 (SPSS Inc, Chicago, Illinois).

A P value of < .05 was considered statistically significant.

Results

The baseline characteristics of the study sample are shown in

Table 1. Overall, the mean age was 68 years and there was a

predominance of men. The majority of patients (76.9%) had

systolic HF. In all, 224 (91.8%) patients were in New York

Heart Association (NYHA) class I or II. Only 15 (6.1%)

patients were not taking loop diuretics.

Among the 244 study patients, 165 (67.6%) were on a low

diuretic dose (furosemide �80 mg/day) and 79 (32.4%) on a

higher dose. The characteristics of patients on high and low

diuretic dose were compared (Table 1). Patients on >80 mg

of furosemide per day were significantly older, had higher

body mass index (BMI), were in higher NYHA class, were

more often hypervolemic, and had worse renal function. The

combined end point occurred in 48 (29.1%) patients on low

furosemide dose and in 42 (53.2%) patients on high diuretic

dose (P < .001).

Figure 1 (left panel) represents 3 box plots that compare fur-

osemide dose according to NYHA class at baseline. Loop
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diuretic dose increased with increasing severity of symptoms as

assessed by NYHA class. Median (interquartile range) furose-

mide dose was 60 (40-80) mg/d in 79 NYHA I class patients, 80

(40-120) mg/d in 145 NYHA class II patients, and 100 (80-150)

mg/d in 20 NYHA class III patients (P < .001). At the right

panel, 4 box plots are depicted that represent the furosemide

dose according to left ventricular dysfunction. No difference

was detected between patients with systolic and diastolic HF

and loop diuretic dose was not associated with left ventricular

function. Median (interquartile range) furosemide dose was

80 (40-120) mg/d in 57 patients with normal left ventricular

systolic function, 80 (40-100) mg/d in 36 patients with mild

LVSD, 80 (40-120) mg/d in 59 with moderate LVSD, and

80 (40-120) mg/d in 91 patients with severe LVSD (P ¼ .85).

Table 2 represents the Cox univariate analysis of the associ-

ation between each variable and all-cause death or HF hospital

admission within 2 years. Variables crudely associated with the

outcome of the study were diabetes mellitus, ischemic etiology

of HF, sodium retention index, BB dose, and loop diuretic dose.

The multivariate model used is shown in Table 3. Loop

diuretic dose retained its association with worse outcome, after

adjustment to all other predictors—hazard ratio (HR) ¼ 1.67;

95% confidence interval (CI): 1.28-2.16; P < .001.

A total of 141 (57.8%) patients were euvolemic and on a low

diuretic dose; 23 (9.4%) patients were hypervolemic on a low

diuretic dose, 29 (11.9%) patients were hypervolemic on a high

diuretic dose, and 50 (20.5%) patients were euvolemic on a

high diuretic dose, no data on sodium retention score were

available in 1 study patient. Figure 2 represents a Kaplan-Meier

hospitalization-free survival curve according to the 4 groups

created. Euvolemic patients on high diuretic dose had a worse

outcome than those who were euvolemic and on a low diuretic

dose (HR [95% CI]: 2.70 [1.67-4.36]). In hypervolemic

patients, diuretic dose had no prognostic value (HR [95%
CI]: 1.06 [0.45-2.52]).

Discussion

Our study showed that, in a group of patients with mild-to-

moderate chronic HF, the diuretic dose was associated with

prognosis, especially in euvolemic patients. Higher furosemide

dose was associated with higher morbidity and mortality even

Table 1. Baseline Characteristics of the Overall Study Sample and According to Diuretic Dose

All Patients
(n ¼ 244)

Furosemide �80 mg/day
(n ¼ 165)

Furosemide >80 mg/day
(n ¼ 79) P Value

Demographic and clinical characteristics
Age (years), mean (SD) 68 (12) 66 (12) 72 (10) <.001
Male gender, n (%) 163 (66.8) 115 (69.7) 48 (60.8) .21
BMI (kg/m2), median (IQR) 26.6 (23.4-29.4) 25.7 (22.7-28.8) 28.3 (24.5-31.4) .001
Arterial hypertension, n (%) 155 (63.5) 99 (60.0) 56 (70.9) .13
Diabetes mellitus, n (%) 65 (26.6) 42 (25.5) 23 (29.1) .65
LVSF, n (%)

Preserved 57 (23.5) 40 (24.4) 17 (21.5) .63
Mildly depressed 36 (14.5) 25 (15.2) 11 (13.9)
Moderately depressed 59 (24.3) 38 (23.2) 21 (26.6)
Severely depressed 91 (37.4) 61 (37.2) 30 (38.0)

Ischemic etiology, n (%) 102 (42.9) 64 (39.8) 38 (49.4) .21
NYHA class, n (%)

I-II 224 (91.8) 156 (94.5) 68 (86.1) .04
III 20 (8.2) 9 (5.5) 11 (13.9)

Sodium retention score, median (IQR) 1 (0-2) 1 (0-2) 2 (1-3) <.001
Systolic blood pressure (mm Hg) median (IQR) 130 (110-146) 130 (110-146) 128 (110-140) .33
Diastolic blood pressure (mm Hg) median (IQR) 74 (64-80) 76 (70-84) 70 (60-80) .06
Heart rate (/min), median (IQR) 76 (68-84) 80 (68-85) 75 (68-80) .68
Hemoglobin (g/dL), mean (SD) 13.6 (1.7) 13.6 (1.8) 13.5 (1.5) .50
Plasma creatinine (mg/dL), median (IQR) 1.09 (0.94-1.30) 1.04 (0.93-1.23) 1.11 (0.95-1.44) .03
Serum sodium (mEq/L), median (IQR) 141 (139-143) 140 (138-142) 141 (139-144) .06

Medications in use
b-blocker, n (%) 191 (78.3) 130 (78.8) 61 (77.2) .91

Dose (mg/d), median (IQR) 25 (6.25-50) 25 (6.25-50) 25 (3.125-50) .26
ACEI, n (%) 227 (93.0) 152 (92.1) 75 (94.9) .59

Dose (mg/d), median (IQR) 20 (10-20) 20 (10-20) 10 (10-20) .06
Spironolactone, n (%) 95 (39.3) 59 (36.2) 36 (45.6) .21
Digoxin, n (%) 63 (25.8) 41 (24.8) 22 (27.8) .73

Events, n (%) 90 (36.9) 48 (29.1) 42 (53.2) <.001

NOTE: ACEI ¼ angiotensin-converting enzyme inhibitor; BMI ¼ body mass index; IQR ¼ interquartile range; LVSF ¼ left ventricular systolic function; NYHA ¼
New York Heart Association; SD ¼ standard deviation.
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after adjustment for other predictors of adverse outcome,

namely hypervolemia assessed in accordance to the sodium

retention score. For each furosemide tablet on top of an

otherwise optimized medical therapy, there was a 66% (95%
CI: 28-116) increase in the risk of all-cause death or hospitali-

zation due to worsening HF within 2 years.

Several mechanisms18-21 have been suggested to interpret

the apparent deleterious effects of diuretic therapy and to sup-

port the possibility of a causality relation between high diuretic

doses and poor clinical outcome. Renin-angiotensin-

aldosterone axis22-26 and sympathetic nervous system26 activa-

tion; volume depletion, hypotension, and renal dysfunction27;

and electrolytic disturbances28,29 are deleterious effects of

diuretic agents that may actively participate in the progression

and clinical deterioration of patients with HF. Increasing myo-

cardial fibrosis associated with diuretic use30,31 and diuretic

resistance32 have also been described. Special emphasis has

been given to potassium and magnesium depletion, since defi-

cit of these ions relates with increased risk of arrhythmic events

as well as with increased vasoconstriction.33 Neurohormonal

axis activation can act as a feed-forward mechanism as it aggra-

vates vasoconstriction and additionally reduces blood flow to

the kidney. In this context, diuretic resistance can be inter-

preted as the diminished capacity of the organism to deliver the

same amount of diuretic to act on the kidney because of a

reduced perfusion.34 Higher dosages are thus needed to obtain

the same effect that lower doses produced before.

We included in our study the assessment of volemia as it

may interfere with both the diuretic dose needed and the phy-

sician’s perception of HF severity. Even though the use of

>80 mg furosemide per day was associated with worse NYHA

class, it was also true that many patients on high loop diuretic

dose were euvolemic. Thus, in contrast with previous studies,

we created groups according to these 2 characteristics and we

verified that there was a substantial difference between euvole-

mic patients on low and on high furosemide dose when out-

come was considered. Euvolemic patients on higher diuretic

dose had an almost 3-fold increase in the risk of death or read-

mission (2.70, 95% CI: 1.67-4.36) in comparison with euvole-

mic patients on lower doses (�80 mg/d). Hypervolemic

patients whether on high or on low diuretic dose represent a

gray zone, performing not significantly better than euvolemics

on high diuretic dose nor significantly worse than euvolemics

on low diuretic dose.

For assessment of congestion, we used the sodium retention

score proposed by Cody, which was the first described in the

literature.18 The need for a quantification of volume overload

is still recognized and underscored nowadays.35 A complex

congestion score36 that gathers information from bedside

assessment, laboratory measurements, and dynamic maneuvers

was recently described, but it is not feasible to enter everyday

clinical practice. The score proposed by Cody18 has the advan-

tage of being simple and based only on bedside assessment

parameters that have all shown to correlate with left-hand or

right-hand side congestion, and it has been suggested that their

combination would increase their predictive value.36

The prognostic implications of loop diuretic dose showed a

linear effect—patients had progressive outcome deterioration

per each furosemide tablet increase. This linear relation and

the independent association with outcome in a multivariate

model suggest that loop diuretics may have an intrinsic dele-

terious effect.

Figure 1. Left: Depicted are 3 box plots that show loop diuretic dose distribution according to NYHA class. Furosemide dose increased with
increasing severity as assessed by NYHA class, P < .001; Right: Depicted are 4 box plots that represent the loop diuretic dose according to left
ventricular dysfunction. No difference was detected between patients with systolic and diastolic HF and furosemide dose did not associate with
HF severity as assessed by left ventricular function, P ¼ .85. HF indicates heart failure; NYHA, New York Heart Association.
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Our results reinforce the empiric strategy of down-titration

of diuretic dose once symptomatic control and euvolemia

are achieved. This could be managed, like insulin adjustments

for diabetics, by a patient-controlled protocol, in which

patients would titrate their diuretic dose according to

symptom severity.37

Our study has several limitations. It is a retrospective single-

centered study. The retrospective nature of the study precluded

definite conclusions about cause–effect relations and prognostic

implications of the variables in this study. Also, we did not take

into consideration the possible changes in diuretic dose and vole-

mia status over time. A single baseline evaluation is not enough

and does not eliminate the great potential of confounding by

indication. Another important setback of this study is the lack

of data on natriuretic response, since urine analyses were not

available for most patients. Important variables that we cannot

exclude to have had prognostic implications were serum magne-

sium (measure of ion depletion) and plasma renin activity as

well as serum aldosterone determination (measure of neuro-

humoral-activation). Since there was a trend for patients on

higher diuretic doses to be on lower ACEI doses, we cannot

exclude that the worse outcome of those on >80 mg furosemide

per day was at least in part due to the suboptimal doses of

ACEIs. However, the prognostic impact of the diuretic dose was

independent of the ACEI dose. Despite all these limitations, a

relatively large sample of patients and a long time of follow-

up were considered. Most patients were in NYHA class I and

II, precluding extrapolation of the results to a more symptomatic

patient population. We cannot accurately predict the results that

would be observed in such patients, but considering that patients

in higher classes were more often hypervolemic, we expect that

diuretic dose would have a weaker prognostic impact or none

whatsoever in this subgroup.

Table 3. Multivariate Cox-Regression Modela

Hazard
Ratio

95% Confidence
Interval P Value

Furosemide (per 40 mg/d) 1.67 1.28-2.16 <.001
b-blocker dose (per mg/day) 0.99 0.98-1.00 .03
Diabetes mellitus 2.01 1.24-3.25 .005
Diastolic blood

pressure (per mm Hg)
0.98 0.96-1.00 .04

Age (per year) 0.98 0.96-1.00 .06
Sodium retention

index (per unit)
0.98 0.84-1.15 .81

NYHA class III (vs II/I) 0.63 0.28-1.44 .28
BMI (per kg/m2) 0.97 0.92-1.03 .32
Plasma creatinine (per mg/dL) 0.82 0.46-1.45 .49
Ischemic etiology of HF 1.00 0.88-1.14 1.00
ACEI dose (per mg/d) 0.99 0.96-1.01 .40

NOTE: ACEI ¼ angiotensin-converting enzyme inhibitor; BMI ¼ body mass
index; NYHA ¼ New York Heart Association.
a Variables crudely associated with the combined end point as well as variables
shown to be different in high- and low-dose loop diuretic groups entered the
model.

Figure 2. Kaplan-Meier hospitalization-free survival curve according to
the 4 groups created: euvolemic patients on high furosemide dose;
euvolemic patients on low furosemide dose; hypervolemic patients on
high diuretic dose; and hypervolemic patients on low diuretic dose Euvo-
lemic patients on high diuretic dose showed significantly worse cumula-
tive hospitalization-free survival than those who wereeuvolemic and on a
low diuretic dose. Hypervolemic patients represent a gray zone.

Table 2. Cox Univariate Analysis of Candidate Predictors of
Prognosis

HR (95% CI)

Demographic and clinical characteristics
Age (per year) 1.01 (0.99-1.03)
Male gender 1.34 (0.84-2.12)
BMI (per kg/m2) 1.00 (0.98-1.01)
Arterial hypertension 1.13 (0.73-1.74)
Diabetes mellitus 1.73 (1.12-2.68)
Systolic HF 1.49 (0.89-2.50)
Severe LVSD 1.38 (0.91-2.09)
Ischemic etiology 1.55 (1.02-2.36)
NYHA class III (vs II/I) 1.40 (0.70-2.78)
Sodium retention index (per unit) 1.16 (1.01-1.33)
Systolic blood pressure (per mm Hg) 1.00 (0.99-1.00)
Diastolic blood pressure (per mm Hg) 0.98 (0.96-0.99)
Heart rate (per min) 1.00 (0.98-1.02)
Hemoglobin (per g/dL) 0.95 (0.84-1.08)
Plasma creatinine (per mg/dL) 1.20 (0.74-1.95)
Serum sodium (per mEq/L) 0.98 (0.92-1.04)

Medications in use
Beta-blocker (yes vs no) 0.87 (0.54-1.41)
Beta-blocker dose (per mg of carvedilol/day) 0.99 (0.98-1.00)
ACE-inhibitor (yes vs no) 1.84 (0.68-5.02)
ACE-inhibitor dose (per mg of lisinopril/d) 0.98 (0.96-1.01)
Spironolactone 0.85 (0.55-1.32)
Digoxin 1.21 (0.77-1.90)
Furosemide (above vs below 80 mg/d) 2.07 (1.37-3.14)
Furosemide (per 40 mg/d) 1.51 (1.23-1.86)

NOTE: ACEI¼ angiotensin-converting enzyme inhibitor; BMI¼ bodymass index;
CI ¼ confidence interval; HF ¼ heart failure; HR ¼ hazard ratio; LVSD ¼ left
ventricular systolic dysfunction; NYHA¼ New York Heart Association.
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Differently from other studies, the sodium retention score

was used to assess the volemia and to create 4 groups according

to the diuretic dose and the presence of hypervolemia. The ret-

rospective nature of the study, with all its inherent problems,

has however the potential benefits of not influencing the pre-

scription patterns.

The question that the study tries to address represents an

example of the rare situations in which a retrospective design

can overcome the bias of the influence of the study itself on

prescription; one such bias would be very difficult to control

in a prospective design.

Conclusions

Higher diuretic dose is independently associated with worse

outcome. Our results suggest that, especially in patients with

euvolemic HF, efforts to reduce the diuretic dose might be ben-

eficial. Additional studies have to be conducted to support this

hypothesis.

Declaration of Conflicting Interests

The authors declared no conflicts of interest with respect to the

authorship and/or publication of this article.

Funding

The authors received no financial support for the research and/or

authorship of this article.

References

1. Stampfer M, Epstein SE, Beiser GD, Braunwald E. Hemody-

namic effects on diuretics at rest and during intense upright exer-

cise in patients with impaired cardiac function. Circulation. 1968;

37(6):900-911.

2. Wang DJ, Gottlieb SS. Diuretics: still the mainstay of treatment.

Crit Care Med. 2008;36(1 suppl):S89-S94.

3. Dickstein K, Cohen-Solal A, Filippatos G, et al. ESC Guidelines

for the diagnosis and treatment of acute and chronic heart failure

2008: the Task Force for the Diagnosis and Treatment of Acute

and Chronic Heart Failure 2008 of the European Society of

Cardiology. Eur Heart J. 2008;29(19):2388-2442.

4. The SOLVD Investigators. Effect of enalapril on survival in

patients with reduced left ventricular ejection fractions and con-

gestive heart failure. N Engl J Med. 1991;325(5):293-302.

5. The Cardiac Insufficiency Bisoprolol Study II (CIBIS II). a rando-

mised trial. Lancet. 1999;353(9146):9-13.

6. Pitt B, Zannad F, Remme WJ, et al. The effect of spironolactone

on morbidity and mortality in patients with severe heart failure.

Randomized Aldactone Evaluation study Investigators. N Engl

J Med. 1999;341(10):709-717.

7. Singh A, Blackwell J, Neher J. Does furosemide decrease morbid-

ity or mortality for patients with diastolic or systolic dysfunction?

J Fam Pract. 2005;54(4):370-372.

8. Taylor SH. Diuretic therapy in congestive heart failure. Cardiol

Rev. 2000;8:104-114.

9. Faris R, Flather M, Purcell H, Henein M, Poole-wilson P,

Coats A. Current evidence supporting the role of diuretics in heart

failure: a meta analysis of randomised controlled trials. Int J

Cardiol. 2002;82(2):149-158.

10. Domanski M, Norman J, Pitt B, Haigney M, Hanlon S, Peyster E.

Diuretic use, progressive heart failure, and death in patients in the

Studies of Left Ventricular Dysfunction (SOLVD). J Am Coll

Cardiol. 2003;42(4):705-708.

11. Domanski M, Tian X, Haigney M, Pitt B. Diuretic use, progres-

sive heart failure, and death in patients in the DIG study. J Card

Fail. 2006;12(5):327-332.

12. Eshaghian S, Horwich TB, Fonarow GC. Relation of loop diuretic

dose to mortality in advanced heart failure. Am J Cardiol. 2006;

97(12):1759-1764.

13. Neuberg W, Miller AB, O’Connor CM, et al. Diuretic resistance

predicts mortality in patients with advanced heart failure. Am

Heart J. 2002;144(1):31-38.

14. Hasselblad V, Stough WG, Shah MR, et al. Relation between dose

of loop diuretics and outcomes in a heart failure population:

results of the ESCAPE trial. Eur J Heart Fail. 2007;9(10):

1064-1069.

15. Harjai KJ, Dinshaw HK, Nunez E, et al. The prognostic implica-

tions of outpatient diuretic dose in heart failure. Int J Cardiol.

1999;71(3):219-225.

16. Mielnicksuk LM, Tsang SW, Desal AS, et al. The association

between high-dose diuretics and clinical stability in ambulatory

chronic heart failure patients. J Card Fail. 2008;14(5):388-393.

17. McCurley JM, Hanlon SU, Wei SK, Wedam EF, Michalski M,

Haigney MC. Furosemide and the progression of left ventricular

dysfunction in experimental heart failure. J Am Coll Cardiol.

2004;44(6):1301-1307.

18. Cody RJ. The need for a sodium retention score in clinical trials of

heart failure. Clin Pharmacol Ther. 1993;54(1):7-10.

19. Packer M. The neurohormonal hypothesis: a theory to explain the

mechanism of disease progression in heart failure. J Am Coll Car-

diol. 1992;20(1):248-254.

20. Ikram H, Chan W, Espiner EA, Nicholls MG. Hemoynamic and

hormone responses to acute and chronic frusemide therapy in con-

gestive heart failure. Clin Sci. 1980;59(6):443-449.

21. Weber KT. Furosemide in the long-term management of heart

failure. The good, the bad and the uncertain. J Am Coll Cardiol.

2004;44(6):1308-1309.

22. Bayliss J, Norell M, Canepa-Anson R, Sutton G, Poole-Wilson P.

Untreated heart failure: clinical and neuroendocrine effects of

introducing diuretics. Br Heart J. 1987;57(1):17-22.

23. Dzau VJ, Colucci WS, Hollenberg NK, Williams GH. Relations

of the renin-angiotension-aldosterone system to clinical state in

congestive heart failure. Circulation. 1981;63(3):645-651.

24. Swedberg K, Eneroth P, Kjekshus J, Wilhelmsen L. Hormones

regulating cardiovascular function in patients with sever conges-

tive heart failure and their relation to mortality. CONSENSUS

Trial Study Group. Circulation. 1990;82(5):1730-1736.

25. Francis GS, Benedict C, Johnstone DE, et al. Comparison of neu-

roendocrine activation in patients with left ventricular dysfunc-

tion with and without congestive heart failure. Circulation.

1990;82(5):1724-1729.

26. Francis GS, Siegel RM, Goldsmith SR, Olivari MT, Levine TB,

Cohn JN. Acute vasoconstrictor response to intravenous furosemide

190 Journal of Cardiovascular Pharmacology and Therapeutics 16(2)



in patients with chronic congestive heart failure. Activation of

neurohormonal axis. Ann Intern Med. 1985;103(1):1-6.

27. Butler J, Forman DE, Abraham WT, et al. Relationship between

heart failure treatment and development of worsening renal function

among hospitalised patients. Am Heart J. 2004;147(2):331-338.

28. Cooper H, Dries D, Davis C, Li Shen Y, Domanski M. Diuretics

and risk of arrhythmic death in patients with left ventricular dys-

function. Circulation. 1999;100(12):1311-1315.

29. Goebel JA, Van Bakel AB. Rational use of diuretics in acute

decompensated heart failure. Curr Heart Fail Rep. 2008;5(3):

153-162.

30. Weber KT, Brilla CG. Pathological hypertrophy and cardiac

interstitium; fibrosis and rennin-angiotensin-aldosterone system.

Circulation. 1991;83(6):1849-1865.

31. Lijnen P, Petrov V. Induction of cardiac fibrosis by aldosterone.

J Mol Cell Cardiol. 2000;32(6):865-879.

32. Ellison DH. Diuretic therapy and resistance in congestive heart

failure. Cardiology. 2001;96(3-4):132-143.

33. Iezhitsa IN. Potassium and magnesium depletions in congestive

heart failure—pathophysiology, consequences and replenish-

ment. Clin Calcium. 2005;15(11):123-133.

34. Iyengar S, Abraham WT. Diuretic resistance in heart failure. Curr

Heart Fail Rep. 2006;3(1):41-45.

35. Drazner MH, Hellkamp AS, Leier CV, et al. Value of clinician

assessment of hemodynamics in advanced heart failure: the

ESCAPE trial. Circ Heart Fail. 2008;1:170-177.

36. Gheorghiade M, Follath F, Ponikowski P, et al. Assessing and

grading congestion in acute heart failure: a scientific statement

from the Acute Heart Failure Committee of the Heart Failure

Association of the European Society of Cardiology and endorsed

by the European Society of Intensive Care Medicine. Eur J Heart

Fail. 2010;12(5):423-433.

37. Steimle A, Stevenson L, Chelimsky-Fallick C, et al. Sustained

hemodynamic efficacy of therapy tailored to reduce filling pres-

sures in survivors with advanced heart failure. Circulation.

1997;96(4):1165-1172.

Martins et al 191



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


