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Abstract 

Background: The co‑administration of loop diuretics with thiazide diuretics is a therapeutic strategy in patients 
with hypertension and volume overload. The aim of this study was to assess the efficacy and safety of treatment with 
bumetanide plus chlorthalidone in patients with chronic kidney disease (CKD) stage 4–5 KDIGO.

Methods: A double‑blind randomized study was conducted. Patients were randomized into two groups: 
bumetanide plus chlorthalidone group (intervention) and the bumetanide plus placebo group (control) to evaluate 
differences in TBW, ECW and ECW/TBW between baseline and 30 Days of follow‑up. Volume overload was defined as 
‘bioelectrical impedance analysis as fluid volume above the 90th percentile of a presumed healthy reference popula‑
tion. The study’s registration number was NCT03923933.

Results: Thirty‑two patients with a mean age of 57.2 ± 9.34 years and a median estimated glomerular filtration rate 
(eGFR) of 16.7 ml/min/1.73  m2 (2.2–29) were included. There was decreased volume overload in the liters of total 
body water (TBW) on Day 7 (intervention: ‑2.5 vs. control: ‑0.59, p = 0.003) and Day 30 (intervention: ‑5.3 vs. control: 
‑0.07, p = 0.016); and in liters of extracellular water (ECW) on Day 7 (intervention: ‑1.58 vs. control: ‑0.43, p < 0.001) and 
Day 30 (intervention: ‑3.05 vs. control: ‑0.15, p < 0.000). There was also a decrease in systolic blood pressure on Day 7 
(intervention: ‑18 vs. control: ‑7.5, p = 0.073) and Day 30 (intervention: ‑26.1 vs. control: ‑10, p = 0.028) and in diastolic 
blood pressure on Day 7 (intervention: ‑8.5 vs. control: ‑2.25, p = 0.059) and Day 30 (intervention: ‑13.5 vs. control: ‑3.4, 
p = 0.018).

Conclusion: In CKD stage 4–5 KDIGO without renal replacement therapy, bumetanide in combination with chlortha‑
lidone is more effective in treating volume overload and hypertension than bumetanide with placebo.
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Introduction
Approximately 85% of patients with advanced chronic 
kidney disease (glomerular filtration rate < 30  ml/min) 
suffer from hypertension mostly as a result of volume 
increase [1]. Given that volume overload is the primary 
contributing factor to the genesis and maintenance of 
hypertension in chronic kidney disease patients, loop 
diuretics have been widely used for treating this sub-
group of patients [2]. However, chronic loop diuretic 
use leads to reduced efficacy over time because cells 
from the distal convoluted tubule undergo hypertro-
phy in response to the abnormally high sodium con-
centrations resulting from blockage of the Na–K-Cl 
cotransporter (NKCC) in Henle’s loop, facilitating the 
distal reabsorption of sodium and chlorine [3]. This 
phenomenon is known as resistance to loop diuret-
ics and is manifested by the presence of volume over-
load and arterial hypertension despite the chronic use 
of loop diuretics [4]. One approach to overcome loop 
diuretic resistance is the addition of a thiazide-type 
diuretic to produce diuretic synergy via "sequential 
nephron blockade," first described more than 40 years 
ago in patients with heart failure [5]; however, some 
studies that show the potential positive effect of adding 
a thiazide diuretic in patients with chronic kidney dis-
ease reinforce the need for a randomized trial to dem-
onstrate the safety and efficacy of thiazides in advanced 
chronic kidney disease [6, 7]. Thiazide diuretics 
decrease blood pressure by blocking the thiazide-sen-
sitive Na + -Cl − symporter, preventing reabsorption 
of sodium (Na +) and chloride (Cl −) ions from the 
distal convoluted tubule. When this occurs, NaCl and 
water are released to the lumen, and the amount of 
urine produced per day increases; however, their use 
is not recommended in advanced chronic kidney dis-
ease due to their suspected lack of natriuretic and 
antihypertensive effects when the glomerular filtration 
rate falls below 30  ml/min [7]. This notion has been 
recently disputed, as the effect of hydrochlorothiazide 
has been recognized in patients with advanced chronic 
kidney disease [8]. In the same way, the CLICK study 
was recently published, which showed the efficacy of 
chlorthalidone in controlling blood pressure in patients 
with CKD stage 4 KDIGO [9]. The aim of our study was 
to evaluate the additional effect of co-administration 
of bumetanide with chlorthalidone on blood pressure 
and volume overload in patients with advanced chronic 
kidney disease and chronic loop diuretic treatment and 
without renal replacement therapy.

Material and methods
Type of study
A single-center, randomized, double-blind (nephrologist 
and patient), parallel, 1:1 allocation ratio, bumetanide 
plus placebo (control group) trial was conducted to 
compare bumetanide plus chlorthalidone (intervention 
group) in patients with advanced chronic kidney disease 
(KDIGO stages 4 and 5) with hypertension, volume over-
load and chronic loop diuretic use. We defined chronic 
loop diuretic use as patients with at least three con-
secutive months of furosemide (at least 40  mg daily) or 
bumetanide (at least 1 mg daily) use. Bumetanide [10, 11] 
and chlorthalidone [12, 13] doses were based on phar-
macokinetic studies of diuretics in patients with chronic 
kidney disease. Likewise, the selection of bumetanide (as 
a loop diuretic) and chlorthalidone (as a thiazide diuretic) 
was made based on the availability of both drugs in our 
institution. The study consisted of an initial screening 
evaluation, followed by a follow-up evaluation on Day 
30. The screening and enroll period was from June 18, 
2019 to October 28, 2019. During the initial screening, 
the medical history was recorded and a physical exami-
nation was performed, including anthropometric meas-
urements, bioelectrical impedance analysis, and blood 
pressure, to evaluate subject eligibility.

Study design
Randomized groups were assigned to receive initial 
treatment with either 3  mg bumetanide + 50  mg chlo-
rthalidone or 3  mg bumetanide + placebo. Bumetanide 
was administered on the following schedule: 2  mg at 
10 am and 1 mg at 4 pm. This bumetanide dose sched-
ule was defined according to the experience in the use 
of bumetanide from our department and based on phar-
macokinetic studies [10–13]. Chlorthalidone was admin-
istered on the following schedule: 50  mg at 12  pm. The 
second assessment was performed 7 days after the start 
of the clinical trial and included new blood tests, blood 
pressure measurements, bioelectrical impedance analy-
sis, and questionnaires for possible adverse effects. If no 
contraindication was noted [symptomatic hypotension 
secondary to clinical evidence of dehydration; severe 
hyponatremia (sodium < 128  mEq/L); or severe hypoka-
lemia (potassium < 3.5  mEq/L)], the treatment dosage 
was escalated to 4  mg bumetanide + 100  mg chlortha-
lidone (intervention group) or bumetanide 4  mg + pla-
cebo (control group). The placebo consisted of starch 
capsules, which had the same appearance and weight as 
the chlorthalidone capsules. Twenty-eight days after the 
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start of the initial evaluation, patients were subjected to 
the final assessment, which consisted of blood testing, 
bioelectrical impedance analysis, blood pressure meas-
urements, and a questionnaire.

Selection criteria
The inclusion criteria were uncontrolled hypertension 
(systolic blood pressure (SBP) > 140 mmHg and/or dias-
tolic blood pressure (DBP) > 90  mmHg) despite anti-
hypertensive treatment, volume overload (defined by 
bioelectrical impedance analysis as fluid volume above 
the 90th percentile of a presumed healthy reference 
population), chronic loop diuretic use (at least three 
months), chronic kidney disease stages 4 or 5 diagnosed 
at least three months previously, age between 18 and 
75 years, and a signed informed consent form. The exclu-
sion criteria were contraindications for chlorthalidone 
use (known allergy to thiazide diuretics), pregnancy, 
breastfeeding, cognitive deterioration, non-steroidal 
anti-inflammatory drug (NSAID) use, acute heart failure, 
chronic liver failure, respiratory insufficiency, and any 
cancer. Eligible patients were recruited from the neph-
rology clinic of our hospital and scheduled for the initial 
consultation of the treatment period, which consisted of 
basal blood testing to screen for treatment contraindica-
tions, as well as the estimated initial glomerular filtration 
rate by CKD-EPI; the etiology of chronic kidney disease 
was attributed to hypertension or diabetes in the case 
of having these long-standing diseases, without clini-
cal evidence of another contributing factor. One patient 
with a biopsy showing lupus nephropathy participated in 
the clinical trial, and those patients without comorbidi-
ties and without a biopsy showing the etiology of kidney 
disease were classified as of unknown cause. Bioelectri-
cal impedance analysis was also performed at this time 
using a seca mBCA 514 medical Body Composition Ana-
lyzer (Hamburg, Germany). Blood pressure measure-
ments were performed by trained physicians blinded to 
the treatment group under the 2018 ESC/ESH guidelines 
for the management of arterial hypertension using a mer-
cury sphygmomanometer of adequate size (12 × 22  cm2, 
16 × 30  cm2, or 16 × 36  cm2).

Primary and secondary outcomes
The primary outcome was to evaluate differences in total 
body water (TBW), extracellular water (ECW) and ECW/
TBW between baseline and Days 7 and 30 of follow-up. 
Electrical bioimpedance vector analyses were performed 
to evaluate these primary outcomes. Secondary out-
comes included differences in baseline SBP, DBP, mean 
arterial pressure (MAP), fraction of sodium excreted 
(FENA), and brain natriuretic peptide (BNP) measure-
ments compared with Days 7 and 30 of follow-up.

Safety outcomes
The following effect outcomes were recorded: impaired 
kidney function (defined as an increase in creatinine 
serum ≥ 0.3  mg/dL from baseline); creatinine doubling 
(compared with baseline creatinine); hyponatremia 
(serum sodium values ≤ 128  mEq/L); hypokalemia 
(serum potassium ≤ 3.5  mEq/L); hyperuricemia (serum 
uric acid ≥ 8 mEq/L); cardiovascular events (acute myo-
cardial infarction, hospitalization for heart failure, or 
stroke); and mortality for all causes or cardiovascular 
causes.

Statistical analysis
A double-blind (nephrologist and patient) method was 
utilized, whereby the patient and researcher were una-
ware of allocations to the bumetanide plus placebo and 
treatment groups. As part of the statistical plan, an Excel 
database was created in which the content of the data 
collection sheets was captured. The information was later 
exported to the STATA 14 statistical program (Comput-
ing Resource Center in California). A statistical power 
analysis was performed to estimate sample size based on 
data from the study of chlorthalidone effects on blood 
pressure, pulse and weight in patients with low kidney 
function [13]. With an alpha = 0.05 and power = 0.80, 
the projected sample size needed with this effect size was 
calculated in GPower 3.1.9.2, resulting in n = 32 for this 
simple comparison between groups. Measurements were 
compared at the various time points. Randomization was 
performed by the nephrology research director using a 
simple 1:1 model and online software (https:// www. graph 
pad. com/ quick calcs/ rando mize1. cfm). Parametric and 
nonparametric statistical tests were performed depend-
ing on the distribution of variables for the evaluation of 
each of the primary and secondary outcomes. The mean 
and standard deviation are shown for variables with a 
normal distribution, and the median and range are shown 
for variables without a normal distribution. Effect size 
was compared with Cohen’s D test between groups for 
body water parameters (TBW, ECW and ECW/TBW); 
blood pressure (SBP, DBP and MAP); and of the changes 
of FENA and BNP. A p value < 0.05 was considered statis-
tically significant.

Results
Fifty-one patients were assessed for eligibility, and 34 
were randomized (17 in each group). Finally, sixteen par-
ticipants from each group were included in the analysis. 
Two participants (one from each group) were excluded 
from the analysis because they did not complete the fol-
low-up. The recruitment period lasted 3 months (Fig. 1).

https://www.graphpad.com/quickcalcs/randomize1.cfm
https://www.graphpad.com/quickcalcs/randomize1.cfm
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Descriptive statistics
The mean subject age was 57.2 ± 9.34 years, 22 subjects 
were female (68.8%), the mean time from CKD diag-
nosis was 24 months (3–120), 68.8% were diabetic, the 
median diuretic use was 12  months (3–60), and furo-
semide was the most common loop diuretic (93.8%). 
The median glomerular filtration rate was 16.7  ml/
min/1.73  m2 (2.2–29), and 17 patients (53.1%) were in 
KDIGO stage 4. No significant differences in baseline 
characteristics were observed between groups (Table 1).

Primary outcome
There was a decrease in volume overload in the liters of 
TBW on Day 7 [intervention: -2.5 (95% CI, -3.6 to -1.5) 

vs. control: -0.59 (95% CI, -1.8 to 0.67), p = 0.003] and Day 
30 [intervention: -5.3 (95% CI, -8.6 to -1.95) vs. control: 
-0.07 (95% CI, -1.02 to 0.87) p = 0.016]; in liters of ECW 
on Day 7 [intervention: -1.58 (95% CI, -1.95 to -1.2) vs. 
control: -0.43 (95%CI, -1.2 to 0.31), p < 0.001], and Day 30 
[intervention: -3.05 (95% CI, -4.47 to –1.62) vs. control: 
-0.15 (95%CI, -0.8 to -0.5), p < 0.000]; and in the ECW/
TBW ratio on Day 7 [intervention: -1.29 (95% CI, -2.32 to 
-0.25) vs. control: -0.72 (95% CI, -1.64 to 0.20), p = 0.384] 
and Day 30 [intervention: -4.38 (95% CI, -7.8 to -0.92) vs. 
control: -0.24 (95% CI, -1 to 0.52), p = 0.018] (Fig. 2A-C).

Secondary outcomes
There was a decrease in SBP on Day 7 [intervention: -18 
(95% CI, -25.2 to -10.5) vs. control: -7.5 (95% CI, -17 to 

Fig. 1 CONSORT 2010 flow diagram
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Table 1 Baseline characteristics of the study participants

Variables Total n = 32 Bumetanide plus 
chlorthalidone n = 16

Bumetanide plus placebo 
n = 16

p

Age X ± SD (years) 57.2 ± 9.34 54.8 ± 10 59.6 ± 8.1 0.148

Gender Women (%) 22 (68.8) 10 (62.5) 12 (75) 0.462

Weight X ± SD (kg) 71.3 ± 12.7 74.6 ± 14.4 67.9 ± 10.1 0.139

BMI X ± SD (kg/m2) 29.1 ± 4.2 30.1 ± 4.9 28.1 ± 3.1 0.181

CKD etiology (%) 0.919

 Diabetes 22 (68.7) 11 (68.7) 11 (68.7)

 Unknown 7 (21.8) 4 (25) 3 (18.7)

 Hypertension 2 (6.25) 1 (6.3) 1 (6.3)

 Others 1 (3.25) 0 (0) 1 (6.3)

Comorbidities (%) 0.753

 Hypertension 32 (100) 16 (100) 16 (100)

 Smoking 15 (46.9) 7 (43.8) 8 (50)

 Diabetes 22 (68.8) 11 (68.8) 11 (68.8)

 Lupus 1 (3.1) 0 (0) 1 (6.3)

Body Water by Bioimpedance

 TBW median ± range (liters) 33.1 (20–70.6) 32.7 (23.4–70.6) 33.1 (20–53.7) 0.205

 ECW median ± range (liters) 17.7 (10.7–35.7) 16.4 (12.8–35.7) 16.2 (10.7–25.8) 0.233

 ECW/TBW median ± range (%) 50.4 ± 3.5 50 ± 3.6 50.9 ± 3.5 0.509

Systemic Blood Pressure (mmHg)

 SBP X ± DE 144.6 ± 20.3 142 ± 22.6 146.8 ± 18.2 0.546

 DBP X ± DE 79.7 ± 11.1 81 ± 10.9 77.8 ± 11.3 0.348

 MAP X ± DE 101 ± 12.7 102.1 ± 10.9 100.6 ± 12.8 0.756

Laboratory tests

 Creatinine median, CI95% (mg/dL) 3.6 (1.83–16.3) 3.6 (1.8–16.6) 3.5 (1.9–15) 0.759

 Urea median, CI95% (mg/dL) 125.4 (57.9–269.8) 125 (57.9–244.9) 124(85.4–269) 0.916

 GFR median, CI95% (ml/min/1.73 m2) 16.1 ± 8.14 16.52 ± 8.76 15.69 ± 7.64 0.778

 Serum sodium X ± DE (mEq/l) 137.9 ± 4.6 137.4 ± 4.9 138.3 ± 4.3 0.616

 Serum potassium X ± DE (mEq/l) 5.2 ± 0.68 5.3 ± 0.64 5.1 ± 0.74 0.614

 Serum bicarbonate X ± DE (mEq/l) 18.5 (14.1–24.6) 18.4 (14.2–23.7) 18.5 (14.1–24.6) 0.947

 Serum BNP median ± range (pg/mL) 78.5 (10–960) 67.1 (10–960) 112(24.7–424‑6) 0.694

 Serum uric acid median ± range (mg/dL) 7 (3.4–14.1) 6.6 (3.1–14.1) 7.3 (3.6–11.6) 0.772

 Serum albumin median ± range (g/L) 3.8 (1.8–4.75) 3.8 (1.78–4.4) 3.8 (2.9–5) 0.265

 Urinary Sodium X ± SD (mEq/l) 63.7 ± 21.6 62.7 ± 20.6 64.7 ± 23.4 0.800

 Urinary Chlorine X ± SD (mEq/l) 61.2 ± 23.1 62.3 ± 18.6 60.2 ± 27.4 0.798

 Fraction of sodium excreted, median ± range (%) 4.2 (0.9–17.9) 3.6 (1.4–8.42) 4.8 (0.9–17.9) 0.332

24-h Urine Volume X ± SD (ml) 1739 ± 696 1832 ± 729 1646 ± 673 0.458

Antihypertensive Drugs (%)

 Angiotensin Converting Enzyme‑Inhibitor 6 (18.75) 2 (12.5) 4 (25) 0.381

 Angiotensin Receptor Blocker 23 (71.87) 11 (68.75) 12 (75) 0.705

 Alfa Blocker 9 (28.12) 5 (31.25) 4 (25) 0.705

 Beta Blocker 11 (34.37) 6 (37.5) 5 (31.25) 0.721

 Calcium Channel Blocker 26 (81.25) 14 (87.5) 12 (75) 0.381

Number antihypertensive Drugs (%)

 1 1 (3.12) 0 (0) 1 (6.3) 0.325

 2 10 (31.2) 6 (37.5) 4 (25) 0.462

  ≥ 3 21 (65.6) 10 (62.5) 11 (68.7) 0.462

Type of loop diuretic (%) 0.154

 Furosemide 30 (93.8) 14 (87.5) 16 (100)

 Bumetanide 2 (6.3) 2 (12.5) 0 (0)

Time on loop diuretic (median ± range) (months) 12 (2–60) 9 (2–60) 15 (2–36) 0.939

Abbreviations: BMI Body mass index, CKD Chronic Kidney Disease, TBW Total Body Water, ECW Extracellular Water, SBP Systolic blood pressure, PAD Diastolic blood pres‑
sure, MAP Mean Arterial Pressure, BNP Brain natriuretic peptide
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2), p = 0.073] and Day 30 [intervention: -26.1, (95% CI, 
-34.3 to -18.1) vs. control: -10 (95% CI, -34.3 to -18.1), 
p = 0.028]; in the DBP on Day 7 [intervention: -8.5, (95% 
CI, -13.4 to -3.5) vs. control: -2.25, (95% CI, -6.8 to 2.3), 
p = 0.059) and Day 30 [intervention: -13.5 (95% CI, -19.2 
to -7.7) vs. control: -3.4 (95% CI, -9.7 to -2.9) p = 0.018]; 
and in the MAP on Day 7 [intervention: -11.7, 95% CI, 
-16.4 to -7.1, vs. control: -3.9 95% CI, -13 to 2.2, p = 0.029] 
and on Day 30 [intervention: -18.1 (95% CI, -22.8 to -13.4) 
vs. control: -5.4 (95% CI, -13 to 2.2), p = 0.005], see Fig. 3 
A-C. Along this same line, a significantly lower require-
ment for use of equal or more than three antihyperten-
sives (other than chlorthalidone) was observed in the 
group with bumetanide and chlorthalidone (baseline: 
62.5% vs. final: 25%, p = 0.009); but not in patients with 
bumetanide and placebo (baseline: 68.8% vs. final: 87.5%, 
p = 0.083).

Analysis of FENA revealed that during the first week 
after the intervention, the bumetanide plus chlortha-
lidone group showed a decrease in FENA from 0.78 (95% 
CI, 0.35 to 1.22%) to 0.59 (95% CI, -0.62 to 1.81%), while 

the bumetanide plus placebo group showed a change 
from baseline to day 30 of -0.34 (95% CI, -2.2 to -1.51%), 
both groups without intragroup statistical significance 
(p = 0.104 and p = 0.605, respectively) (Fig.  4A). Like-
wise, the comparison between the control and interven-
tion groups did not show a significant difference at either 
7 days (p = 0.284) or at 30 days (p = 0.371). Brain natriu-
retic peptide levels were also evaluated. At the start of 
follow-up, the bumetanide plus placebo group showed 
an increase in BNP on Day 7 to 33.6 (95% CI, -61.5 to 
128.8 pg/dL) and on Day 30 to 213.5 (95% CI, -143.4 to 
-570.5 pg/dL) without statistical significance (p = 0.175). 
The intervention group showed a decrease of -39.3 on 
Day 7 (95% CI, 19.3 to -25  pg/dL) and -0.64 on Day 30 
(95% CI, -78.7 to 77.4  pg/dL) without a significant dif-
ference (p = 0.221). Similarly, intergroup analysis did not 
reveal any significant differences (Fig. 4B).

Effect size analysis is shown in Table  2. Large effect 
sizes (d greater than 0.5) were observed for changes in 
blood pressure (SBP, DBP, and MAP) and changes in 
body water (TBW, ECW and ECW/TBW).

Fig. 2 Total body water analysis by bioimpedance vectors. The bumetanide plus placebo group is shown in blue (control group), and the 
bumetanide plus chlorthalidone group is shown in red (intervention group). A There was decreased volume overload in liters of TBW on Day 7 
[intervention: ‑2.5 (95% CI, ‑3.6 to ‑1.5) vs. control: ‑0.59 (95% CI, ‑1.8 to 0.67), p = 0.003] and Day 30 [intervention: ‑5.3 (95% CI, ‑8.6 to ‑1.95) vs. 
control: ‑0.07 (95% CI, ‑1.02 to 0.87) p = 0.016]. B There was a decrease in ECW on Day 7 [intervention: ‑1.58 (95% CI, ‑1.95 to ‑1.2) vs. control: ‑0.43 
(95% CI, ‑1.2 to 0.31) p < 0.001] and Day 30 [intervention: ‑3.05 (95% CI, ‑4.47 to –1.62) vs. control: ‑0.15 (95% CI, ‑0.8 to ‑0.5), p < 0.000]. C There was 
a reduction in the ECW/TBW ratio on Day 7 [intervention: ‑1.29 (95% CI, ‑2.32 to ‑0.25) vs. control: ‑0.72 (95% CI, ‑1.64 to 0.20), p = 0.384] and Day 30 
[intervention: ‑4.38 (95% CI, ‑7.8 to ‑0.92) vs. control: ‑0.24 (95% CI, ‑1 to 0.52), p = 0.018]

Fig. 3 Effects on blood pressure. The bumetanide plus placebo group is shown in blue (control group), and the bumetanide plus chlorthalidone 
group is shown in red (intervention group). A There was a decrease in SBP on Day 7 [intervention: ‑18 (95% CI, ‑25.2 to ‑10.5) vs. control: ‑7.5 (95% CI, 
‑17 to 2), p = 0.073] and Day 30 [intervention: ‑26.1, 95% CI, ‑34.3 to ‑18.1, vs. control: ‑10 95% CI, ‑34.3 to ‑18.1; p = 0.028]. B There was a reduction 
in DBP on Day 7 (intervention: ‑8.5, 95% CI, ‑13.4 to ‑3.5, vs. control: ‑2.25, 95% CI, ‑6.8 to 2.3, p = 0.059) and Day 30 [intervention: ‑13.5 (95% CI, ‑19.2 
to ‑7.7) vs. control: ‑3.4 (95% CI, ‑9.7 to ‑2.9), p = 0.018]. C There was a decrease in MAP on Day 7 (intervention: ‑11.7, 95% CI, ‑16.4 to ‑7.1, vs. control: 
‑3.9, 95% CI, ‑9.4 to 1.5, p = 0.029) and Day 30 (intervention: ‑18.1, 95% CI, ‑22.8 to ‑13.4, vs. control: ‑5.4 95% CI, ‑13 to 2.2, p = 0.005)
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Safety analysis
The most common adverse event observed in this study 
was increased creatinine levels (Cr > 0.3  mg/dL), which 
were present in eleven cases with a range of 2.63 mg/dL 
(68.75%), compared with four cases in the bumetanide 
plus placebo group with a range of 1.86  mg/dL (25%) 
(p = 0.013). Nevertheless, none of the patients exhibited 
a two-fold increase in their serum creatinine levels at 
the end of follow-up, nor did they require renal replace-
ment therapy. Other adverse effects are listed in Table 3. 
Figure 5 shows a comparison of changes in serum creati-
nine (Fig.  5A), glomerular filtration rates (Fig.  5B), and 
serum urea levels (Fig.  5C) during the study. Regarding 
serum creatinine levels, the intervention group showed a 
significant increase at seven (p = 0.001) and twenty-eight 
days (p < 0.000). In this same group, a significant decrease 
in the glomerular filtration rate was observed at seven 
(p = 0.004) and twenty-eight days (p = 0.003). Regard-
ing urea levels, both groups showed significant increases 
when comparing baseline with Days 7 and 30. The com-
parison of serum levels of creatinine and urea and the glo-
merular filtration rate estimated by CKD-EPI between the 
control and intervention groups did not show significant 
differences. During the follow-up time of the clinical trial 
patient, none started renal replacement therapy and none 
presented clinical data of volume depletion.

Discussion
Our results demonstrated the effect of combined 
bumetanide and chlorthalidone therapy in patients with 
advanced chronic kidney disease. Among the significant 
findings, a direct effect of combined therapy with respect 

Fig. 4 Effect on fractional sodium excretion (FENa) and brain natriuretic peptide (BNP). The bumetanide plus placebo group is shown in blue 
(control group), and the bumetanide plus chlorthalidone group is shown in red (intervention group). A Analysis of FENA revealed that during the 
first week after the intervention, the bumetanide plus chlorthalidone group showed a decrease in FENA from 0.78 (95% CI, 0.35 to 1.22) to 0.59 
(95% CI, ‑0.62 to 1.81) without intragroup statistical significance (p = 0.104), while the bumetanide plus placebo group had a change from baseline 
to day 30 of ‑0.34 (95% CI, ‑2.2 to ‑1.51; p = 0.605). B At the start of follow‑up, the bumetanide plus placebo group showed an increase in BNP on 
Day 7 of 33.6 (95% CI, ‑61.5 to 128.8 pg/dL) and on Day 30 of 213.5 (95% CI, ‑143.4 to ‑570.5 pg/dL) without statistical significance (p = 0.175). The 
intervention group showed a decrease on Day 7 of ‑39.3 (95% CI, 19.3 to ‑25 pg/dL) and on Day 30 of ‑0.64 (95% CI, ‑78.7 to 77.4 pg/dL) without a 
significant difference (p = 0.221). Similarly, intergroup analysis did not reveal any significant differences

Table 2 Effect size (Cohen’s D) between groups

Abbreviations: SBP Systolic Blood Pressure, PAD Diastolic Blood Pressure, MAP 
Mean Arterial Pressure, TBW Total Body Water, ECW Extracellular Water, ECW/BTW 
Total Body Water/Extracellular Water Ratio, FENA Fraction Excretion Sodium, BNP 
Brain Natriuretic Peptide

Variables Bumetanide 
plus placebo
Mean ± SD

Bumetanide plus 
chlorthalidone
Mean ± SD

p-value Cohen’s D

Changes of SBP
 7 day ‑7.5 ± 17.8 ‑18.1 ± 14.1 0.073 0.66

 30 day ‑10 ± 23.3 ‑26.2 ± 15.3 0.028 0.84

Changes of DBP
 7 day ‑2.25 ± 8.6 ‑8.5 ± 9.3 0.059 0.69

 30 day ‑3.40 ± 11.9 ‑13.5 ± 10.7 0.018 0.89

Changes of MAP
 7 day ‑3.97 ± 10.2 ‑11.7 ± 8.7 0.029 0.82

 30 day ‑5.41 ± 14.3 ‑18.1 ± 8.7 0.005 1.10

Changes of TBW
 7 day ‑0.59 ± 2.38 ‑2.5 ± 1.9 0.016 0.89

 30 day ‑0.07 ± 1.78 ‑5.3 ± 6.2 0.003 1.31

Changes of ECW
 7 day ‑0.43 ± 1.4 ‑1.58 ± 0.69 0.007 1.10

 30 day ‑0.15 ± 1.2 ‑3.11 ± 2.68  < 0.000 1.52

Changes of ECW/TBW
 7 day ‑0.72 ± 1.7 ‑1.24 ± 1.94 0.077 1.21

 30 day ‑0.24 ± 1.4 ‑4.38 ± 6.49 0.018 1.05

Changes of FENA
 7 day ‑0.19 ± 3.4 0.78 ± 0.82 0.284 0.28

 30 day ‑0.35 ± 3.4 0.59 ± 2.29 0.371 0.08

Changes of BNP
 7 day 33.6 ± 178 ‑39.3 ± 110 0.174 0.04

 30 day 213.5 ± 669 ‑0.64 ± 146 0.221 0.52
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to total body water levels and blood pressure was found 
throughout the study. Trials up to the time of this study 
evaluating the efficacy and safety of bumetanide plus 
chlorthalidone treatment with diuretics in patients with 
chronic kidney disease are limited [6]. Current KDIGO 
guidelines do not recommend thiazide diuretic use in 
advanced chronic kidney disease, arguing that the effi-
cacy of this type of diuretic diminishes proportionally 
with the glomerular filtration rate, suggesting the sub-
stitution of thiazide diuretics with a loop diuretic when 
the glomerular filtration rate dips below 30  ml/min [7]. 
This recommendation originated from a study conducted 
in 1961, in which a poor natriuretic effect of thiazides 
was observed in two patients with glomerular filtration 
rates below 15 ml/min [14]. Hoshino et al. found that the 
combination of hydrochlorothiazide and loop diuretics 
improved blood pressure levels and decreased proteinu-
ria in eleven advanced stage type 2 DKD patients with 
severe edema [15]. Previously, in the nineties, Fliser et al. 
showed that the combination of torsemide with a thi-
azide diuretic significantly increased urinary sodium and 
chloride elevation in ten patients [16]. Recently, Agarwal 

et  al. showed in an excellent clinical trial the positive 
impact on blood pressure of adding chlorthalidone in 
patients with stage 4 CKD. This trial compared the use of 
chlorthalidone vs placebo in patients with stage 4 chronic 
kidney disease and poorly controlled hypertension. A 
reduction of 10 mmHg in 24-h systolic blood pressure in 
patients who were treated with chlorthalidone was found, 
even if they were previously treated with loop diuretics, 
although these patients had a higher risk of significantly 
increasing serum creatinine levels [9]. In our study, the 
mean blood pressure reduction was found to be higher 
than the results observed in other trials. This may be due 
to the important role of volume overload on hyperten-
sion in patients with chronic kidney disease. There is evi-
dence in patients undergoing hemodialysis that less than 
5% of patients who are in dry weight, maintain a systolic 
pressure above 140 mmHg [17]. Agarwal et al. also dem-
onstrated a significant decrease in systolic and diastolic 
pressure in patients who achieved dry weight [18]. All the 
patients included in this study suffered from significant 
volume overload before being randomized to the study, 
so it is likely that phenomenon that probably influenced 
our outcomes. The results obtained in our study not 
only demonstrate the antihypertensive effect of thiazide 
diuretics in advanced chronic kidney disease but also 
demonstrate the benefit of combined therapy in treating 
volume overload.

Our findings could have a positive clinical impact in 
management of volume overload in the chronic kidney 
disease population, whose prognosis has already been 
proven to improve with a reduction in volume overload. 
Szu-Chun Hung et al. employed a model to predict mor-
tality based on patients’ extracellular water to total body 
water ratio. This ratio expresses the amount of extracel-
lular water that exists compared to total body water. In 
healthy people, the index is between 0.36 and 0.39, how-
ever, it has been observed that it is increased in patients 

Table 3 Proportions of patients with adverse events during the 
study period

Adverse events (%) Bumetanide plus 
placebo  
n = 16

Bumetanide 
plus 
chlorthalidone 
n = 16

p

Impaired kidney func‑
tion

4 (25) 11 (68.75) 0.013

Creatinine doubling 0 (0) 0 (0) ‑

Hyponatremia 1 (6) 2 (12) 1.000

Hypokalemia 0 (0) 2 (12) 0.484

Hyperuricemia 4 (25) 4 (25) 1.000

Cardiovascular events 0 (0) 1 (6) 1.000

Mortality 0 (0) 0 (0) ‑

Fig. 5 Effect of treatment on renal function. The bumetanide plus placebo group is shown in blue (control group), and the bumetanide plus 
chlorthalidone group is shown in red (intervention group). A Regarding serum creatinine, the intervention group showed a significant increase at 
Day 7 (p = 0.001) and Day 30 (p < 0.000). B Regarding GFR, a significant decrease in the intervention group was observed at Day 7 (p = 0.004) and 
Day 30 (p = 0.003). C Serum urea levels in both groups showed significant increases when comparing baseline versus Days 7 and 30 (control group, 
p = 0.02 and p < 0.000, respectively, and intervention group, p = 0.008 and p < 0.000, respectively)
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with advanced chronic kidney disease and has been asso-
ciated with multiple adverse outcomes. Patients were 
classified into two groups based on the extracellular water 
to total body water ratio with a cutoff of ± 48%, and after 
four years of follow-up, they observed twice the mortality 
rate in those with levels ≥ 48% [19]. These results could 
be of particular interest when applied to this trial since, 
before the intervention, both groups had an ECW/TBW 
ratio > 50%; however, at the end of follow-up, only the 
combined treatment group exhibited a reduction to 46%, 
which could be impactful as a possible benefit in terms of 
mortality in this population.

Another finding was that treatment with loop diuret-
ics alone was insufficient for blood pressure and volume 
overload control compared with bumetanide plus chlo-
rthalidone. This was evidenced by the fact that in our 
trial, all patients had a history of chronic loop diuretic 
use (most were on furosemide); however, when they were 
randomized, furosemide was changed to bumetanide, 
a more potent loop diuretic with a dose equivalent to 
160  mg furosemide QD [20]. This protocol, along with 
our findings, allowed us to demonstrate that high doses of 
loop diuretics are not sufficient by themselves to achieve 
adequate blood pressure and volume overload in patients 
with advanced chronic kidney disease without renal 
replacement therapy. When employing high doses of 
bumetanide, the possibilities of poor efficacy of the loop 
diuretic secondary to pharmacokinetic processes associ-
ated with diuretic resistance, such as insufficient dosage, 
reduced absorption, low bioavailability, and interaction 
with uremic toxins, are diminished [21]. We consider 
that this difference could be explained by chronic loop 
diuretic use and previously described adaptive changes 
at the distal convoluted tubule, in which patients exhibit 
higher sodium reabsorption, lower natriuresis, and, as a 
consequence, loss of loop diuretic efficacy [22, 23].

Thiazide diuretic use, particularly chlorthalidone, 
seems to provide additional benefits; chlorthalidone has 
a potency at least threefold that of hydrochlorothiazide, 
as well as a longer half-life [24]. A recent meta-analysis 
demonstrated that chlorthalidone has a larger antihyper-
tensive effect than hydrochlorothiazide with a compara-
ble safety profile [25]. Other studies have demonstrated 
that chlorthalidone may be superior to hydrochlorothi-
azide with respect to inducing regression of left ventric-
ular hypertrophy and preventing cardiovascular events 
[26, 27]. As described in other studies, our results suggest 
that the effect of bumetanide plus chlorthalidone therapy 
on blood pressure levels could be related to the natriu-
retic effect with subsequent volume depletion produced 
by thiazide diuretics [28]. Even studies conducted in anu-
ric patients failed to demonstrate an antihypertensive 
effect of thiazides independent of natriuresis and volume 

depletion [29]. Regarding the dose of chlorthalidone used 
in our study, we recognize that these doses are higher 
than the 12.5 to 25  mg/day dose that is usually recom-
mended in patients with arterial hypertension [30]; how-
ever, doses > 50 mg (optimal doses) have been evaluated 
and defined in the context of high-dose diuretic therapy, 
as derived from studies that evaluated the dose–response 
curve of thiazide diuretics [31]. The pharmacokinetics of 
chlorthalidone doses between 50 and 200 mg reveal opti-
mal erythrocyte half-life values and urinary excretion in 
patients with CKD [12]. In addition, we considered phar-
macokinetic adjustment according to the deterioration in 
the glomerular filtration rate present in our patients to 
achieve the expected natriuretic effect [13]. We must rec-
ognize that there are no update pharmacokinetic studies 
of chlorthalidone in patients with advanced chronic kid-
ney disease, which represents a challenge and a weakness 
of our study. Based on the above and based on the results 
of our work, it would be important to design pharma-
cokinetic studies of chlorthalidone with or without loop 
diuretics in patients with advanced chronic kidney dis-
ease as a future area of research.

Actual estimates indicate that nearly 40% of patients 
diagnosed with advanced chronic kidney disease decide 
not to start renal replacement therapy, choosing con-
servative treatment instead [32]. Our results support 
the notion that bumetanide plus chlorthalidone therapy 
could be an alternative in patients with advanced chronic 
kidney disease who have not yet accepted the initiation 
of renal replacement therapy to reduce volume overload 
and optimize blood pressure control, with the aim of 
achieving a better quality of life. However, this pharma-
cological therapy with diuretics will always be limited by 
the prerequisite of residual uresis in patients subject to 
this treatment modality.

On the other hand, BNP has been correlated with vol-
ume overload in patients with chronic kidney disease 
measured by bioimpedance [33, 34]; however, in our trial, 
BNP levels did not behave in a manner that reflected a 
reduction in volume overload, as evidenced by bioim-
pedance vector analysis. This result can be explained by 
results obtained in other studies in patients subject to 
renal replacement therapy in which it was demonstrated 
that a significant reduction in BNP levels (< 100  pg/dL, 
only attainable after multiple hemodialysis sessions) is 
associated with ECW/TBW ratios < 40% [35, 36]. For this 
reason, we consider that even though our patients exhib-
ited decreased ECW/TBW ratio, at the end of follow-
up, none achieved the ideal dry weight. Therefore, the 
reduced volume overload observed in the bumetanide 
plus chlorthalidone group was not sufficient to diminish 
cardiac muscle stress or achieve a significant reduction in 
BNP levels.
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We observed the same phenomenon in plasma urea 
levels and glomerular filtration rate (GFR), both asso-
ciated with a nonsignificant deterioration in patients 
on bumetanide plus chlorthalidone treatment com-
pared with bumetanide plus placebo. The proportion of 
patients in the bumetanide plus chlorthalidone group 
who experienced an increase in plasma creatinine lev-
els could be conceptually defined as having acute kidney 
injury [37]. Nevertheless, grading by AKIN or RIFLE 
classifications (utilized for acute kidney failure diagno-
sis) has not been applied in advanced chronic kidney 
disease populations [38]. Among the reasons for not 
applying these criteria to diagnose acute kidney fail-
ure in patients with advanced chronic kidney disease 
and chronic diuretic use is the fact that urinary volume 
measurements, considered part of the diagnostic criteria 
for acute kidney failure, cannot be applied because uri-
nary volume in this population is variable and depend-
ent on residual renal tubular function [39]. Employing 
serum creatinine elevation as a diagnostic criterion for 
acute kidney failure, considering that basal creatinine 
levels in the patients included in our study were near 
4  mg/dL, would not be adequate, as serum creatinine 
in these stages of kidney disease is more a marker of 
nutritional status than of kidney function. However, we 
decided to use two cut-off points for serum creatinine 
levels to assess renal function impairment. The first, an 
elevation greater than 0.3  mg/dl, a cut-off point with 
high sensitivity, to detect differences in creatinine eleva-
tion between both groups, as was the case in the study. 
The second, a double elevation of baseline creatinine 
levels, a cut-off point with high specificity that could be 
more related to a clinically significant elevation, which 
did not occur in any of the groups.

One of the main adverse effects reported in the lit-
erature associated with thiazide use is hydroelectrolytic 
imbalance, hyperuricemia or an increased diabetes risk 
[40–42]. Our results did not show any significant differ-
ences in uric acid risk (there was no gout attack in any 
group), blood glucose, potassium or sodium levels at the 
end of follow-up. There was one case of acute myocar-
dial infarction in the intervention group, which required 
endoprosthesis insertion via catheterization. Cardiovas-
cular function improved significantly following inter-
vention; however, kidney function remained unchanged, 
with final GFR readings similar to baseline.

This study has some others limitations. First, the fol-
low-up in our study was short; therefore, further pro-
spective trials are needed to assess the long-term safety 
and efficacy of this regimen. Second, there was patient 
noncompliance with dietary recommendations, even 
though all patients were evaluated and counseled in 
terms of renal nutrition, with an emphasis on sodium 

dietary restriction, as it is known that sodium excre-
tion is directly proportional to kidney function and 
sodium dietary intake [43]. Third, this trial was done at 
a single center which could limit generalizability. Fourth, 
this study does not include hard clinical outcomes, 
which may be interesting to investigate in future stud-
ies. Finally, most of our patients did not have a basal 
echocardiogram at the time of enrollment. Having an 
estimate of ventricular function beforehand may have 
allowed us to identify the presence of cardiac failure or 
changes in left ventricle ejection fraction or telediastolic 
volume, which may have explained the observed BNP 
behavior.

In conclusion, our study demonstrated the efficacy 
of chlorthalidone and bumetanide on volume over-
load and blood pressure reduction in advanced chronic 
kidney disease patients. Our results suggest that at the 
one-month follow-up, bumetanide plus chlorthalidone 
therapy is effective in patients with advanced chronic 
kidney disease. Volume overload reduction was ade-
quately tolerated in this population; however, further 
studies with larger samples and longer follow-up periods 
are warranted. Based on this trial and those conducted 
previously on thiazide use for advanced chronic kidney 
disease, we propose that current guidelines should be 
reviewed to perhaps change the notion that thiazides 
should not be used in advanced CKD patients, as it has 
been demonstrated that this class of diuretics can be 
helpful in the treatment of this population.

Acknowledgements
The authors express their gratitude to SENOSIAIN LABORATORIES, S.A. DE C.V. 
who donated the bumetanide tablets. Likewise, the FSJ and GMA thank the 
Universidad Nacional Autónoma de México y al Consejo Nacional de Ciencias 
y Tecnologia de Mexico for the scholarship to carry out their postgraduate 
studies.

Registration number and name of trial registry
CHlortalidonE and BumetanidE In Advanced Chronic Kidney Disease: HEBE‑
CKD Trial. ClinicalTrials.gov Identifier: NCT03923933.

Authors’ contributions
FSJ: Executed the research study, participated in data collection and analysis 
and in writing the manuscript. LMPN: Participated in the execution of the 
methodological design, in statistical analysis. RCB: Executed the research 
study, participated in data collection and analysis and in writing the manu‑
script. JACR: Executed the research study and participated in data collection. 
GMA: Participated in the execution of the methodological design, in statistical 
analysis. EDL: Participated in the review and approval of the final version of the 
manuscript. MMR: Participated in the review and approval of the final version 
of the manuscript. RVO: Participated in the study design, in the analysis and 
interpretation of data, and in the review and approval of the final version of 
the manuscript. The author(s) read and approved the final manuscript.

Funding
The study was carried out with the resources from Research Department at 
Hospital General de México Dr. Eduardo Liceaga.

Availability of data and materials
The datasets used and analyzed during this study are available from the cor‑
responding author on reasonable request.



Page 11 of 12Solis‑Jimenez et al. BMC Nephrology          (2022) 23:316  

Declarations

Ethics approval and consent to participate
All procedures were performed based on institutional guides in adherence 
to the principles of the Declaration of Helsinki and Title 45 of the US Code of 
Federal Regulations. The data analysis described in this paper is part of a larger 
ongoing study that has been submitted to and approved by both the Ethics 
and Research Committees of the Dr. Eduardo Liceaga Mexican General Hospi‑
tal with the code DI/19/105B/03/018 prior to data collection. All participants 
read and signed an informed consent statement. The participants authorized 
to participate and publish the results. This trial was registered at clinicaltrials.
gov, registry number NCT03923933.

Competing interests
None of the authors have conflicts of interest to carry out this study.

Author details
1 Master and Doctorate Program in Health Sciences, Universidad Nacional 
Autónoma de México, Mexico City, Mexico. 2 Cardiology, Instituto Nacional 
de Cardiología Ignacio Chváez, Mexico City, Mexico. 3 Nephrology, Hospital 
General de México Dr. Eduardo Liceaga, Mexico City, Mexico. 4 Nephrology, 
Hospital Civil de Culiacán, Culiacán, Sinaloa, México. 5 Nephrology, Instituto 
Nacional de Cardiología Ignacio Chávez, Mexico City, Mexico. 

Received: 10 May 2022   Accepted: 25 August 2022

References
 1. Pugh D, Gallacher PJ, Dhaun N. Management of hypertension in chronic 

kidney disease. Drugs. 2019;79(4):365–79.
 2. Phan O, Burnier M, Wuerzner G. Hypertension in chronic kidney disease 

‑ role of arterial calcification and impact on treatment. Eur Cardiol. 
2014;9(2):115–9.

 3. Bowman BN, Nawarskas JJ, Anderson JR. Treating diuretic resistance: an 
overview. Cardiol Rev. 2016;24(5):256–60.

 4. Cox ZL. Testani JM Loop diuretic resistance complicating acute heart 
failure. Heart Fail Rev. 2020;25(1):133–45. https:// doi. org/ 10. 1007/ 
s10741‑ 019‑ 09851‑9.

 5. Jentzer JC, DeWald TA, Hernandez AF. Combination of loop diuret‑
ics with thiazide‑type diuretics in heart failure. J Am Coll Cardiol. 
2010;56(19):1527–34. https:// doi. org/ 10. 1016/j. jacc. 2010. 06. 034.

 6. Hung SC, Lai YS, Kuo KL, Tarng DC. Volume overload and adverse 
outcomes in chronic kidney disease: clinical observational and animal 
studies. J Am Heart Assoc. 2015;4(5):e001918.

 7. Sinha AD, Agarwal R. Thiazides in advanced chronic kidney disease: time 
for a randomized Bumetanide plus placeboled trial. Curr Opin Cardiol. 
2015;30(4):366–72.

 8. Dussol B, Moussi‑Frances J, Morange S, Somma‑Delpero C, Mundler O, 
Berland Y. A pilot study comparing furosemide and hydrochlorothiazide 
in patients with hypertension and stage 4 or 5 chronic kidney disease. J 
Clin Hypertens (Greenwich). 2012;14(1):32–7.

 9. Agarwal R, Sinha AD, Cramer AE, et al. Chlorthalidone for hypertension in 
advanced chronic kidney disease. N Engl J Med. 2021;385(27):2507–19. 
https:// doi. org/ 10. 1056/ NEJMo a2110 730 (Epub 2021 Nov 5).

 10. Allison ME, Lindsay MK, Kennedy AC. Oral bumetanide in chronic renal 
failure. Postgrad Med J. 1975;51(Suppl 6):47–50.

 11. Marcantonio LA, Auld WH, Murdoch WR, et al. The pharmacokinetics 
and pharmacodynamics of the diuretic bumetanide in hepatic and renal 
disease. J Clin Pharmacol. 1983;15(2):245–52. https:// doi. org/ 10. 1111/j. 
1365‑ 2125. 1983. tb014 93.x).

 12. Riess W, Dubach UC, Burckhardt D, et al. Pharmacokinetic studies with 
chlorthalidone (hygroton®) in man. Eur J Clin Pharmacol. 1977;12:375–82. 
https:// doi. org/ 10. 1007/ BF005 62454).

 13. Mulley BA, Parr GD, Rye RM. Pharmacokinetics of chlorthalidone. Eur J 
Clin Pharmacol. 1980;17:203–7. https:// doi. org/ 10. 1007/ BF005 61901.

 14. Reubi FC, Cottier PT. Effects of reduced glomerular filtration rate on 
responsiveness to chlorothiazide and mercurial diuretics. Circulation. 
1961;23:200–10.

 15. Hoshino T, Ookawara S, Miyazawa H, et al. Renoprotective effects of 
thiazides combined with loop diuretics in patients with type 2 diabetic 
kidney disease. Clin Exp Nephrol. 2015;19(2):247–53. https:// doi. org/ 10. 
1007/ s10157‑ 014‑ 0981‑2 (Epub 2014 May 13).

 16. Fliser D, Schröter M, Neubeck M, Ritz E. Coadministration of thiazides 
increases the efficacy of loop diuretics even in patients with advanced renal 
failure. Kidney Int. 1994;46(2):482–8. https:// doi. org/ 10. 1038/ ki. 1994. 298.

 17. Flythe JE, Bansal N. The relationship of volume overload an its control to 
hypertension in hemodialysis patients. Semin Dial. 2019;32(6):500–6.

 18. Agarwal R. Volume‑associated ambulatory blood pressure patterns in 
hemodialysis patients. Hypertension. 2009;54:241–7.

 19. Hung SC, Lin YP, Huang HL, Pu HF, Tarng DC. Aldosterone and mortality in 
hemodialysis patients: role of volume overload. PLoS ONE. 2013;8(2): e57511.

 20. Anisman SD, Erickson SB, Morden NE. How to prescribe loop diuretics in 
oedema. BMJ. 2019;364: l359.

 21. Ellison DH, Felker GM. Diuretic Treatment in Heart Failure. N Engl J Med. 
2018;378(7):684–5.

 22. Dussol B, Moussi‑Frances J, Morange S, Somma‑Delpero C, Mundler O, 
Berland Y. A randomized trial of furosemide vs hydrochlorothiazide in 
patients with chronic renal failure and hypertension. Nephrol Dial Trans‑
plant. 2005;20(2):349–53.

 23. Loon NR, Wilcox CS, Unwin RJ. Mechanism of impaired natriuretic response 
to furosemide during prolonged therapy. Kidney Int. 1989;36(4):682–9.

 24. Peterzan MA, Hardy R, Chaturvedi N, Hughes AD. Meta‑analysis of dose‑
response relationships for hydrochlorothiazide, chlorthalidone, and 
bendroflumethiazide on blood pressure, serum potassium, and urate. 
Hypertension. 2012;59(6):1104–9.

 25. Dineva S, Uzunova K, Pavlova V, Filipova E, Kalinov K, Vekov T. Compara‑
tive efficacy and safety of chlorthalidone and hydrochlorothiazide‑meta‑
analysis. J Hum Hypertens. 2019;33(11):766–74.

 26. Ernst ME, Neaton JD, Grimm RH Jr, Collins G, Thomas W, Soliman EZ, et al. 
Long‑term effects of chlorthalidone versus hydrochlorothiazide on elec‑
trocardiographic left ventricular hypertrophy in the multiple risk factor 
intervention trial. Hypertension. 2011;58(6):1001–7.

 27. Dorsch MP, Gillespie BW, Erickson SR, Bleske BE, Weder AB. Chlorthalidone 
reduces cardiovascular events compared with hydrochlorothiazide: a 
retrospective cohort analysis. Hypertension. 2011;57(4):689–94.

 28. Beretta‑Piccoli C, Weidmann P, De Chatel R, Reubi F. Hypertension associ‑
ated with early stage kidney disease. complementary roles of circulating 
renin, the body sodium/volume state and duration of hypertension. Am J 
Med. 1976;61(5):739–47.

 29. Carter BL. Guidelines for use of diuretics: a view from a member of JNC 7. 
J Clin Hypertens (Greenwich). 2012;14(5):273–6. https:// doi. org/ 10. 1111/j. 
1751‑ 7176. 2012. 00621.x.

 30. Salvetti A, Ghiadoni L. Thiazide diuretics in the treatment of hypertension: 
an update. J Am Soc Nephrol. 2006;17(4 suppl 2):S25–9. https:// doi. org/ 
10. 1681/ ASN. 20051 21329).

 31. Bennett WM, McDonald WJ, Kuehnel E, Hartnett MN, Porter GA. Do diu‑
retics have antihypertensive properties independent of natriuresis? Clin 
Pharmacol Ther. 1977;22(5 Pt 1):499–504.

 32. Teruel JL, Burguera Vion V, Gomis Couto A, Rivera Gorrin M, Fernandez‑
Lucas M, Rodriguez Mendiola N, et al. Choosing conservative therapy in 
chronic kidney disease. Nefrologia. 2015;35(3):273–9.

 33. Iwanaga Y, Nishi I, Furuichi S, Noguchi T, Sase K, Kihara Y, et al. B‑type 
natriuretic peptide strongly reflects diastolic wall stress in patients with 
chronic heart failure: comparison between systolic and diastolic heart 
failure. J Am Coll Cardiol. 2006;47(4):742–8.

 34. McCullough PA, Duc P, Omland T, McCord J, Nowak RM, Hollander JE, 
et al. B‑type natriuretic peptide and renal function in the diagnosis of 
heart failure: an analysis from the Breathing Not Properly Multinational 
Study. Am J Kidney Dis. 2003;41(3):571–9.

 35. Park CS, Lee SE, Cho HJ, Kim YJ, Kang HJ, Oh BH, et al. Body fluid 
status assessment by bio‑impedance analysis in patients presenting 
to the emergency department with dyspnea. Korean J Intern Med. 
2018;33(5):911–21.

 36. Davies SJ, Davenport A. The role of bioimpedance and biomarkers in 
helping to aid clinical decision‑making of volume assessments in dialysis 
patients. Kidney Int. 2014;86(3):489–96.

 37. Ohashi Y, Saito A, Yamazaki K, Tai R, Matsukiyo T, Aikawa A, et al. Brain 
Natriuretic Peptide and Body Fluid Composition in Patients with Chronic 
Kidney Disease: A Cross‑Sectional Study to Evaluate the Relationship 

https://doi.org/10.1007/s10741-019-09851-9
https://doi.org/10.1007/s10741-019-09851-9
https://doi.org/10.1016/j.jacc.2010.06.034
https://doi.org/10.1056/NEJMoa2110730
https://doi.org/10.1111/j.1365-2125.1983.tb01493.x)
https://doi.org/10.1111/j.1365-2125.1983.tb01493.x)
https://doi.org/10.1007/BF00562454)
https://doi.org/10.1007/BF00561901
https://doi.org/10.1007/s10157-014-0981-2
https://doi.org/10.1007/s10157-014-0981-2
https://doi.org/10.1038/ki.1994.298
https://doi.org/10.1111/j.1751-7176.2012.00621.x
https://doi.org/10.1111/j.1751-7176.2012.00621.x
https://doi.org/10.1681/ASN.2005121329)
https://doi.org/10.1681/ASN.2005121329)


Page 12 of 12Solis‑Jimenez et al. BMC Nephrology          (2022) 23:316 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

between Volume Overload and Malnutrition. Cardiorenal Med. 
2016;6(4):337–46.

 38. Burke M, Pabbidi MR, Farley J, Roman RJ. Molecular mechanisms of renal 
blood flow autoregulation. Curr Vasc Pharmacol. 2014;12(6):845–58.

 39. Chawla LS, Eggers PW, Star RA, Kimmel PL. Acute kidney injury and 
chronic kidney disease as interconnected syndromes. N Engl J Med. 
2014;371(1):58–66.

 40. Hsu RK, Hsu CY. The Role of Acute Kidney Injury in Chronic Kidney Dis‑
ease. Semin Nephrol. 2016;36(4):283–92.

 41. Steele TH, Oppenheimer S. Factors affecting urate excretion following 
diuretic administration in man. Am J Med. 1969;47(4):564–74.

 42. Elliott WJ, Meyer PM. Incident diabetes in clinical trials of antihypertensive 
drugs: a network meta‑analysis. Lancet. 2007;369(9557):201–7.

 43. Garofalo C, Borrelli S, Provenzano M, De Stefano T, Vita C, Chiodini P, et al. 
Dietary Salt Restriction in Chronic Kidney Disease: A Meta‑Analysis of 
Randomized Clinical Trials. Nutrients. 2018;10(6):732.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.


	Effect of the combination of bumetanide plus chlorthalidone on hypertension and volume overload in patients with chronic kidney disease stage 4–5 KDIGO without renal replacement therapy: a double-blind randomized HEBE-CKD trial
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Introduction
	Material and methods
	Type of study
	Study design
	Selection criteria
	Primary and secondary outcomes
	Safety outcomes
	Statistical analysis

	Results
	Descriptive statistics
	Primary outcome
	Secondary outcomes
	Safety analysis

	Discussion
	Acknowledgements
	References


