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Abstract

Background The objective of the present study was to
verify whether chronic renal patients on hemodialysis (HD)
with residual diuresis who were using small doses of
furosemide present different levels of urinary volume and
sodium excretion compared to patients with residual
diuresis who do not use this drug.

Methods We studied 19 chronic renal patients on HD
who presented any level of residual diuresis. Urine was
collected during the 24-h interdialytic period, and physical
examinations and blood sampling took place immediately
before the start of HD. Patients were divided into two
groups: the diuretic group (DG, n = 10), in which patients
had been using 40 mg of furosemide for at least 3 months,
and the non-diuretic group (NDG, n =9), in which
patients used no diuretics.

Results  Although both groups presented the same average
glomerular filtration rate (p > 0.05) and time in dialysis
(»p > 0.05) the DG presented an average of twice the
urinary volume in 24 h (1142 + 184 vs. 453 £ 135 ml/
24 h, respectively; p = 0.008) and double the total excreted
sodium mass compared to patients in the NDG (112 + 22.4
vs. 45.2 &+ 16.0 mEq/24 h, respectively; p = 0.02).
Conclusion The results of this study have shown that
chronic use of small doses of furosemide in chronic renal
patients with residual diuresis could increase urinary

H. P. Lemes - S. R. Ferreira-Filho (B<))
Nefroclinica de Uberlandia, Rua Paraiba 3055,
38400-000 Uberlandia, MG, Brazil

e-mail: ferreirafilho1952@gmail.com

H. P. Lemes - S. Araujo - D. Nascimento - D. Cunha -

C. Garcia - V. Queiroz - S. R. Ferreira-Filho
Universidade Federal de Uberlandia, Uberlandia, Brazil

@ Springer

volume and sodium excretion compared to patients who
did not use this drug.

Keywords Furosemide - Chronic renal failure -
Residual renal function

Introduction

Residual renal function (RRF) positively influences the
survival time on hemodialysis (HD) of chronic renal
patients, reducing the mortality risk, even when present in
small quantities. RRF and, consequently, residual diuresis
in HD patients can progressively decrease with dialytic
treatment [1-3], and it is known that the reduction is faster
in HD patients than in peritoneal dialysis (PD) patients
[3-5]. Therefore, treatment aiming to maintain and mini-
mize the loss of RRF in this group of patients is necessary
[1-6].

Although the role of diuretics in managing HD patients
has not yet been clearly defined [8], they can be used as a
strategy to minimize RRF loss, maintaining urinary volume
(UV) in HD patients [7]. Initially, this type of medication was
used with the hope of preserving or even increasing RRF [7].
Recent studies show that even though UV increases after
drug administration, the use of these drugs is not actually
related to alterations in clearance of solutes [9].

Loop diuretics can be considered relatively safe,
because they are not generally nephrotoxic and allow for
better control of fluid balance, possible maximization of
urine production and reduction in the need for aggressive
ultrafiltration [7]. In addition, their use may be associated
with lower risks of cardiac mortality [8]. Currently, it is a
known fact that large doses of loop diuretics applied
endovenously increase natriuresis in patients with chronic
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kidney disease (CKD) [6, 10, 11]; however, there are no
literature studies which investigate the chronic use of small
doses of furosemide in patients undergoing HD. This fact is
important because it shows that in clinical practice many
patients begin hemodialytic treatment using small doses
of loop diuretics and once on dialysis these doses are
suspended.

The object of this study was to investigate whether
chronic renal patients on HD with residual diuresis who
chronically use small doses of furosemide present different
levels of UV and sodium excretion compared to patients
with residual diuresis who do not use this drug.

Methodology
Patient selection

This is a transversal study, performed in patients with
chronic renal insufficiency who submitted to hemodia-
lytic treatment in a private ambulatorial HD center in
2007. The study protocol was approved by the Ethics
Committee of the Federal University of Uberlandia, and
a signed consent form was obtained from each patient.
The selected subjects were those who, at the time of
initial evaluation, had been in hemodialytic therapy for
over 3 months and presented any volume of daily residual
diuresis.

Having excluded anuric and diabetic patients, 63
patients were selected. Of these, 12 were excluded because
they were less than 3 months on HD, 16 because they had a
previous history of cardiovascular disease, 4 because of
technical problems during the collection of urine samples,
and 2 because they had urinary infection. Seven patients
were also excluded due to renal lesion etiology, 4 due to
hydronephrosis, and 3 due to polycystic renal disease.
Three others were excluded because they used a dose of
furosemide >40 mg per day. The remaining 19 patients
were divided into 2 groups. The diuretic group (DG,
n = 10) was composed of patients already taking oral
furosemide for a minimum of 5 months (from 5 to
65 months). The dosage of diuretic medicine used by the
patients (40 mg per day) had been previously prescribed by
their own nephrologists, and suffered no interference from
the researchers. The other group, the non-diuretic group
(NDG, n = 9) was composed of patients who had not used
diuretic medicine since the beginning of their hemodialysis
treatment.

Diabetic patients were also excluded from the study due
to the increased risk of urinary tract infection and non-
clinically-detectable cardiovascular events. Furthermore,
patients using diuretics sporadically were excluded from
the study.

Treatment regimen

HD sessions were held 3 times per week, and each session
lasted 4 h; all patients were treated exclusively with high-
flow membranes (polysulfone).

Study protocol

After answering an identification and personal medical his-
tory questionnaire, patients went through a 24-h urine col-
lection regimen (UV24 h). They were given containers and
verbal and written orientation guidelines for the collection of
all urine produced within the interdialytic period. They were
told to initiate UV24 h immediately after the first morning
miction and collect urine for 24 h, including from the final
miction. All patients were oriented to start and finish urine
collection at the same time of day [12, 13]. On the following
day, a single urine sample was collected for uroculture.
Immediately before the HD session, patients went through a
physical examination, registration of clinical history (causes
of CKD, time in dialytic treatment, medication used) as well
as blood sampling. Data on interdialytic weight gain IDWG)
was also collected at this time.

Food inquest

To quantify sodium ingestion during the urine collection
period, patients answered a 72-h food inquest administered
by a nutritionist. The inquest was performed on three dif-
ferent days: HD session day, non-HD session day and
weekend (no HD). Patients were advised not to change
their habitual diets and to report in writing all types and
quantities of food ingested. These food diaries were always
received by the same nutritionist, who took notes during
the patient interviews, which happened after journaling.
The results presented by the nutritionist represented the
average daily amount of ingested sodium. Sodium inges-
tion rates were calculated by the Diet PRO 5i software
(Vigosa, Minas Gerais, Brazil).

Physical examination

A blood pressure (BP) assessment was performed by the
researcher before starting the HD session. The BP values used
in this study were expressed as the arithmetic mean of values
obtained in the last three HD sessions. The IDWG was
obtained just before the beginning of the session after urine
collection. The interval between sessions of HD was 48 h.

Studied parameters

From the 24-h urine samples, an analysis was made of UV
(UV24 h), total excreted sodium mass (UVNa), urinary
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sodium concentration and fractional sodium excretion
(FENa) [14]. From the blood samples, an analysis was
performed of sodium, urea, and creatinine. For the calcu-
lation of residual glomerular filtration rate (GFR), the
average amount of residual creatinine and urea clearances
[15, 16] was used, and the results were adjusted with
respect to body surface. Uroculture was performed by
streaking an isolated urine sample in a blood agar and eosin
methylene blue plate.

Statistical analysis

Continuous  variable results were expressed as
mean =+ standard error of mean (SEM), while the cate-
gorical variables were expressed as a proportion or per-
centage. The data normality analysis was performed by the
D’ Agostino test. For the variables presenting normal dis-
tribution, the Pearson correlation coefficient was used, and
for those that did not present a normal distribution, the
Spearman’s rank correlation test was used. The differences
between the DG and NDG were analyzed by a Student’s
t test for the variables with normal distribution and the
Mann—Whitney (Wilcoxon Rank—Sum Test) for the other
variables; p values of <0.05 were considered statistically
significant. The statistical analysis was performed using the
software Prism 5 for Windows—Version 5.02.

Results
Baseline characteristics

The patients’ general features are listed in Table 1. It can
be observed that the groups did not differ with regard to
gender, age, time in dialytic treatment, subjacent renal
disease, use of antihypertensive drugs and BP levels.
Sodium ingestion, analyzed through the food inquest, BP
and IDWG presented no differences between the DG and
NDG (Table 2).

Renal function and plasma parameters

Renal function parameters and urinary biochemical
parameters are shown in Table 2. It was found that the DG
presented higher UV24 h (p = 0.018) and higher UVNa
(p = 0.045) than the NDG (Table 3). A positive correla-
tion between UV24 h and UVNa (p < 0.0001, r = 0.95,
Fig. 1) was also established. No difference was found
between the DG and NDG in relation to GFR (p = 0.07)
and FENa (p = 0.91). A positive and significant linear cor-
relation was found between UV24 h and GFR (p < 0.0001,
r = 0.77), as well as between UVNa and GFR (p = 0.0003,
r = 0.73; Figs. 2, 3). Plasma parameters are described in
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Table 1 Baseline characteristics of patients in the DG and NDG

DG NDG p value
N 10 9
Gender (M/F) 7/3 72
Age (years) 45 £ 4.7 47 £ 2.3 0.72
Time in HD (months) 237 £5.7 254 £ 3.7 0.80

Subjacent renal disease (1)

CGN 6 6
Systemic hypertension 3

Erythematous lupus 1 -
Berger’s disease - 1
FSGS - 1

Antihypertensives (1)

Beta blockers 3 4
ACE inhibitors 3 2
CCB 3 2
Adrenergic inhibitors 1 1
ARB 1 -

ACE inhibitors angiotensin-converting enzyme inhibitors, HD
hemodialysis, CGN chronic glomerulonephritis, FSGS focal seg-
mental glomerulosclerosis, CCB calcium channel blocker, ARB
angiotensin II receptor blockers

Table 2 Sodium ingestion, blood pressure and interdialytic weight
gain in patients in the DG and NDG

DG NDG p value

Sodium ingestion (mEq) 100 + 12.2 128 + 29.2 0.37

SBP (mmHg) 135 & 8.6 135 + 8.8 0.74
MAP (mmHg) 98 £ 2.8 101 £ 5.6 0.61
PP (mmHg) 50.6 £ 3.6 51 £55 0.89
DBP (mmHg) 82 £ 1.8 84 £ 44 0.68
IDWG (kg) 1.9 £ 0.28 2.6 £0.29 0.23

SBP systolic blood pressure, MAP medium arterial pressure, PP pulse
pressure, DBP diastolic blood pressure, IDWG interdialytic weight
gain

Table 3 Renal function, and plasma and urinary biochemical
parameters in patients in the DG and NDG

DG NDG p value

GFR (ml/min/1.73 m?) 43 +£12 1.6 £0.5 0.07

FENa (%) 13.3 £ 3.0 129 £29 0.91
UV24 h (ml/24 h) 1142 + 184 453 + 135 0.008*
UVNa (mEq/vol 24 h) 112 £ 224 45 £ 16.0 0.02*
[Na] Ur (mEq/L) 92 +74 88 £+ 10.0 0.76
Serum
Sodium (mEq/L) 144 + 0.7 141 £ 0.7 0.03
Urea (mg/dL) 101 + 11.3 114 + 7.3 0.37
Creatinine (mg/dL) 82+ 0.9 9.9+ 0.7 0.17

GFR glomerular filtration rate, FENa sodium fractional excretion,
UV24 h 24-h urine collection regimen, UVNa urinary sodium excre-
tion, [Na] Ur urinary sodium concentration
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Fig. 1 Correlation between urinary sodium excretion and urinary
volume in patients with residual renal function undergoing hemod-
ialysis (n = 19)
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Fig. 2 Correlation between glomerular filtration rate and urinary
volume in patients with residual renal function undergoing hemod-
ialysis (n = 19)

Table 3. The plasma sodium level was higher in the DG
(p = 0.03).

Discussion

The use of loop diuretics is one of the options during the
conservative treatment of CKD patients; however, after
2 years of treatment, the use of diuretic medicine is dras-
tically reduced [8]. There are various studies which prove
that furosemide increases the excretion of sodium and
water in patients with CKD on HD; however, large doses in
short periods of time could lead to side-effects in some
patients. In clinical practice, it was evidenced that many
patients begin dialytic treatment chronically using small
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Fig. 3 Correlations between glomerular filtration rate and urinary
sodium excretion in patients with residual renal function undergoing
hemodialysis (n = 19)

doses, but since there is little evidence that these are ben-
eficial, their use is suspended when the volume of residual
diuresis is reduced to minimum values. In contrast to acute
use, chronic diuretic use presents an adaptive phenomenon
called the diuretic braking phenomenon. According to this
theory, in healthy subjects, after the first dose of furose-
mide, there is a considerable increase in UV followed by a
higher rate of sodium excretion and lowered body weight.
However, after repeated administration, there is a reduction
in water and sodium loss, as well as stabilization in weight
gain [17, 18]. In spite of the great importance of the
adaptive phenomena related to the chronic use of furose-
mide, most studies investigating this drug have been per-
formed in PD patients. Diuretics are drugs that are
frequently used in clinical practice for treating edema and
managing CKD patients [19]. The DOPPS study [8] veri-
fied that loop diuretics are those that are most often pre-
scribed to HD patients, followed by thiazide diuretics and
potassium-saving drugs. In our study, the use of diuretics
can be characterized as chronic use, because they had been
previously used for at least 5 months. Patients in the DG
used small doses of furosemide (40 mg per day) and pre-
sented, on average, UV24 h more than double that of
patients not on diuretic medicine (p = 0.008, Table 3). The
increase in UV24 h observed in our study has also been
observed in HD patients by van Olden et al. [11]; however,
those patients were using high doses of furosemide acutely.
Therefore, it was shown that the remaining nephrons in
CKD patients clearly respond to high doses of furosemide.
The dosage used in the study by van Olden [11] was
excessively higher than the dose used in our study; how-
ever, the positive effects of furosemide on UV have also
been found by other studies that used smaller doses of this
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diuretic. For example, Schimdt et al. [20], upon comparing
the diuretic effects of a single dose of 240 mg of furose-
mide to 240 mg of muzolimine found that both drugs
clearly increased UV relative to the pre-treatment period.
In another study, van Olden et al. [21] found that UV
increased an average of 560 ml after administration of
1000 mg/day of furosemide. The diuretic response can be
quantified in many ways, including UV, total UVNa and
FENa. In our study, we found that the DG presented, on
average, twice as much UVNa than the NDG (p = 0.02)
(Table 3). Our results are in agreement with studies that
used loop diuretics acutely, such as that of Boesken et al.
[10], who used the loop diuretic bumetanide and showed
that after administration of this drug in HD patients, the
sodium excretion rate increased 70% relative to the basal
period. Van Olden et al. [11], utilizing high doses of
furosemide (1000 mg/day), found that during the treatment
period, UVNa increased 210% relative to the control per-
iod. Within this same study, upon comparing doses of
1000 mg and 2000 mg furosemide, it was found that higher
doses presented better results. Vasavada [22], using chronic
renal patients in stages 2 and 3, found that both furosemide
and the loop diuretic torsemide significantly increased
sodium excretion. On the other hand, the differences
encountered in UV and sodium excretion rate between the
DG and NDG cannot be attributed to the difference in
dialytic treatment time. It is well known that RRF
decreases in proportion to the dialytic treatment time; this
decrease is even faster in HD patients than in PD patients
[7, 23], which can be related to the inflammatory reaction
of the blood contact with the surface of the dialyzer [24—
26]. Nevertheless, our data has shown that the DG and
NDG presented the same time in hemodialytic treatment
(p = 0.86, Table 1); thus, other factors must be responsible
for the greater diuresis and sodium excretion in the DG.
When the 19 sample patients were analyzed, a significantly
positive correlation between UV in 24 h, UVNa and GFR
(p = 0.0001, r = 0.73, Fig. 2 and p = 0.0004, r = 0.73,
Fig. 3, respectively) were found. Thus, greater UV and
greater sodium excretion were associated with greater
GFR. These correlations could explain the differences in
diuresis and UVNa between both groups. Our study
showed that GFR was similar in the DG and NDG
(p = 0.07, Table 3); however, the mean values for GFR
could have been similar due to the reduced number of
patients in each group. As per van Olden et al. [21], our
data has shown this correlation that patients with higher
UVNa present higher GFR (p = 0.0004, r = 0.73, Fig. 3).
We found that, although the groups presented the same
time in dialysis, the DG presented higher UV24 h and
UVNa, showing that in CKD patients with residual diure-
sis, small doses and long-term use of furosemide could
have increased water and sodium excretion by tubular
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action or by the preservation of GFR. Other actions of
furosemide, such as anti-inflammatory effects, have
already been reported. In our study, water and sodium
ingestion was not restricted, in contrast to other study
protocols [20, 27]. However, through the food inquest, it
was revealed that there was no difference in sodium
ingestion between the DG and NDG (p = 0.443, Table 2).
Our study did not verify the differences between the groups
regarding IDWG (p = 0.23, Table 2). However, the lack of
statistical difference could be attributed to the innate
characteristics of our study (cross-sectional) in which a
24 h ingestion of water was not controlled. Nevertheless,
since there was a positive significant correlation between
UV and sodium excretion in a 24 h period (Table 3;
Fig. 1), there is a possibility that the DG might have had
less IDWG. Thus, prospective studies with a controlled
liquid intake should be performed.

In contrast to what had been observed in other studies
[11, 21], which acutely encountered an increase in FENa
after furosemide use, our study has not encountered a sta-
tistically significant difference between FENa in the DG
and NDG (p = 0.91, Table 3). In contrast to studies
acutely using high doses of diuretics for short periods of
time, the patients in our study had been using diuretics
chronically, with small doses of furosemide for at least
5 months, and had normal sodium ingestion. The chronic
use of diuretics can lead to an adaptive phenomenon
(diuretic braking phenomenon), which can lead to a long-
term reduction in UVNa and FENa [17].

We have also shown that there was no statistically sig-
nificant difference between medium arterial pressure
(MAP) (98 + 2.8 vs. 101 + 5.6 mmHg, respectively;
p = 0.61), systolic BP (SBP) (135 &+ 8.6 vs. 135 + 8.8
mmHg, respectively; p = 0.74) and diastolic BP (DBP)
(82 £ 1.8 vs. 84 £ 4.4 mmHg, respectively; p = 0.68)
values in patients from the DG and NDG. These results can
be explained by the fact that the patients were allowed to
use antihypertensive medication during the study. In con-
trast to our results, Vasavada et al. [22] found that in
chronic renal patients in stages 2 and 3, the use of furo-
semide and torsemide reduced SBP in 14 of the patients
studied. With regard to plasma parameters, contrary to the
studies by van Olden [11] and Schmidt [20], we found that
patients who used diuretics presented higher plasma
sodium concentrations compared to patients who did not
use this drug (p = 0.03, Table 3). This difference in
sodium concentration may be related to the volemic state
of the patients. As the NDG presented lower UV24 h and
UVNa, there is the possibility that this group may be
hypervolemic compared to the DG.

Our study has some limitations such as the small number
of patients that resulted from the selection of the patients.
The in—out balance of water was not controlled in either
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group, due to the cross-sectional nature of the study.
Despite the fact that the recommendations for the restric-
tion of liquid ingestion were the same for both of the
analyzed groups, there is the possibility that the patients
ingested different volumes of water during interdialytic
period.

To summarize, our data suggest that chronic renal
patients on HD who make long-term use of furosemide in
small doses present higher UV and UVNa than patients
who do not use this drug. We suggest that prospective
studies be carried out with a larger number of patients in
order to identify possible mechanisms of action of long-
term furosemide and its role in maintaining the RRF.
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