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Abstract

Acetazolamide and thiazide diuretics have been combined with loop
diuretics to overcome diuretic resistance in heart failure patients.
However, recent studies have assessed the upfront combination of
acetazolamide and hydrochlorothiazide with loop diuretics in hospi-
talized patients with acute decompensated heart failure without loop
diuretic resistance. We reviewed two recent randomized controlled
trials on the upfront use of acetazolamide and thiazide diuretics in
acute decompensated heart failure, respectively. When the two tri-
als on acetazolamide are considered together, adding oral or intrave-
nous acetazolamide to loop diuretics in decompensated heart failure
patients resulted in increased diuresis and natriuresis. However, the
effects were significantly higher in patients with serum bicarbonate
> 27 mmol/L and those with higher baseline glomerular filtration
rate (GFR). Similarly, when the two trials on thiazide diuretics are
considered together, adding hydrochlorothiazide to loop diuretics in
decompensated heart failure patients resulted in increased diuresis
and weight loss. However, it increases the risk of impaired renal func-
tion. When all the trials are considered together, the upfront use of
acetazolamide may be helpful in carefully selected patients, including
patients with underlying elevated bicarbonate levels (> 27 mmol/L)
and those with good renal function (GFR > 50). Conversely, though
the upfront use of thiazide diuretic added to intravenous furosemide
improved diuretic response in acute decompensated heart failure, it
causes an increased risk of worsening renal function and lack of clear
evidence of reducing hospital length of stay.
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Introduction

Intravenous loop diuretics have been the mainstay of treatment
in hospitalized acute decompensated heart failure patients. The
primary goal of therapy in hospitalized heart failure patients
is the resolution of signs and symptoms of decongestion be-
fore discharge, as persistent congestion is associated with an
increased rate of rehospitalization and mortality. In patients
without adequate diuresis with loop diuretics, the addition of
acetazolamide or thiazide diuretics, with careful monitoring of
serum electrolytes and renal function, has been recommended
as a way to improve diuresis and overcome loop diuretics re-
sistance [1, 2]. Recent randomized controlled trials have as-
sessed the benefits of the upfront combination of loop diuretics
with acetazolamide and thiazide diuretics in acute decompen-
sated heart failure patients, starting from the first day of hos-
pital admission. Based on these studies, this review aimed to
evaluate and compare the benefits of the upfront use of aceta-
zolamide and thiazide diuretics in hospitalized acute decom-
pensated heart failure patients.

Mechanism of Action of Thiazide Diuretics and
Acetazolamide

Thiazides achieve diuretic action by inhibiting the sodium-
chloride cotransporter (NCC) in the renal distal convoluted tu-
bule. By blocking sodium reabsorption in the distal convoluted
tubules, thiazides cause increased delivery of sodium to the
collecting duct, promoting natriuresis and increased diuresis
[3, 4]. Patients with prolonged exposure to loop diuretics could
also develop a renal adaptation, resulting in hypertrophy of the
distal renal tubule cells and increased sodium uptake and al-
dosterone secretion. This could result in decreased efficiency
of loop diuretics and loop diuretic resistance. Thiazide diuret-
ics, by blocking the sodium reabsorption in the distal convo-
luted tubules, can antagonize the effect of renal hypertrophy
and potentially improve loop diuretic resistance [5].
Acetazolamide is a carbonic anhydrase inhibitor that
works on the proximal tubules and inhibits the formation of
bicarbonate (HCO,) and hydrogen (H") from H,O and CO, in
the proximal renal tubules [6]. By inhibiting carbonic anhy-
drase, acetazolamide inhibits sodium reabsorption in the prox-
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imal tubules through two main mechanisms. First, around
30% of kidney-filtered sodium (Na) is absorbed through the
Na*/H* isoform 3 exchanger (NHe3). Carbonic anhydrase
propels this NHe3 enzyme to allow it to function in its role of
sodium and water absorption. When this enzyme is inhibited
by acetazolamide, NHe3 activity is decreased, allowing mild
to moderate natriuresis [7]. Second, acetazolamide reduces
sodium reabsorption in the proximal tubules by decreasing
the availability of bicarbonate to the Na'/HCO;" cotransport-
er (NBC) [8]. By blocking sodium reabsorption in the proxi-
mal tubules, acetazolamide allows more sodium to reach the
distal nephrons. This decreases renin release and improves
loop diuretics efficacy, which depends on sodium in the dis-
tal nephrons for its actions [5, 9]. Although acetazolamide’s
diuretic and natriuresis ability is poor, it is very efficient in
boosting the efficiency of loop diuretics when combined with
loop diuretics [10].

Randomized Controlled Trials With Acetazola-
mide in Acute Heart Failure

The ADVOR trial published in 2022 [11] and the study con-
ducted by Kosiorek et al in 2023 [12] represent two significant
contributions to the study of the upfront use of acetazolamide
with loop diuretics in managing acute heart failure with vol-
ume overload. Both studies adopted a randomized controlled
trial design; however, these trials have notable differences (Ta-
ble 1) [11-14].

The ADVOR double-blind, randomized controlled trial
involved 519 patients in Belgium with acute decompensated
heart failure who were randomized on day 1 of admission
into the intervention group that received intravenous aceta-
zolamide 500 mg daily for 3 days and the control group that
received a placebo. The left ventricular ejection fraction (EF)
was similar in both groups, with a mean EF of 43%. Both re-
ceived intravenous loop diuretics as background therapy. Pa-
tients that received acetazolamide had significantly increased
urine output after 48 h compared to controls (4,689 mL vs.
4,166 mL, P = 0.001) and increased urine sodium on day 2
than controls (91 mmol/L vs. 80 mmol/L, P < 0.001) [15]. In
addition, those in the acetazolamide group were significantly
more likely to have a successful decongestion within 3 days of
randomization than controls (42% vs. 31%, P < 0.001). How-
ever, there was no difference in the length of hospital stay be-
tween the acetazolamide and control groups (8.8 days vs. 9.9
days) [11]. Furthermore, the two groups had no differences
in side effects, including worsening renal function, hypoka-
lemia, or hypotension. There was also no difference in the two
groups on 3 months of rehospitalization for heart failure or
death from any cause. In an analysis comparing the subset
of patients with elevated bicarbonate levels (= 27 mmol/L)
and those with normal bicarbonate levels (< 27 mmol/L), pa-
tients with elevated bicarbonate had a significantly higher re-
sponse to acetazolamide, with higher decongestion within 3
days: ((normal vs. elevated HCOj,; odds ratio (OR): 1.37 (0.79
- 2.37) vs. OR: 2.39 (1.35 - 4.22), P-interaction = 0.065)).
There was also a higher proportional diuretic and natriuretic
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response with acetazolamide in those with increased bicar-
bonate levels (both P-interaction < 0.001). Additionally, the
length of stay was significantly lower in acetazolamide pa-
tients with increased bicarbonate levels than controls (8.9
vs. 10.9 days, P-interaction = 0.019). The explanation for
the increased effect of acetazolamide in those with higher bi-
carbonate levels is that higher levels of bicarbonate dimin-
ished the decongestive effect of the loop diuretics. The use
of loop diuretic only (control group) was associated with an
increase in the bicarbonate level during treatment, which was
prevented by acetazolamide in the intervention group (day
3: control 74.8% vs. acetazolamide 41.3%, P < 0.001) [8].
The study, however, had some limitations. Most patients were
Caucasian, which limits the generalizability of the results.
Additionally, the primary outcome, congestion score, is based
on subjective clinical examination and is not a validated tool
frequently used in clinical practice. Furthermore, patients on
sodium-glucose cotransporter 2 (SGLT2) inhibitors were ex-
cluded from the study [16].

Following the ADVOR trial, Kosiorek et al published a
single-center randomized trial in Poland involving 61 patients
admitted with acute decompensated heart failure who were
randomized into receiving oral acetazolamide 250 mg daily for
2 days (intervention group) and no acetazolamide (control),
with both groups receiving background intravenous furosem-
ide [12]. The EF was similar in both groups, with a mean EF of
37%. The study showed increased diuresis and negative fluid
balance in the acetazolamide group compared to the control af-
ter 48 h (5,300 mL vs. 3,750 mL, P=0.01) and (-1,232 mL vs.
-597 mL, P = 0.04), respectively. There was also more weight
loss in the acetazolamide compared to the control group after
48 h (3.25 kg vs. 1.13 kg, P = 0.03). Additionally, there was
increased urine sodium in the acetazolamide compared to the
control group by day 2 (114.7 mmol/L vs. 74.4 mmol/L, P =
0.003). There was no difference in worsening renal function
or hypokalemia in the acetazolamide or control groups. Un-
like the ADVOR trial, this study included patients on SGLT2,
although only 25% were on SGLT2. However, this study did
not report the length of hospital stay, readmission, or mortality
data.

When the two trials are considered together, adding oral
or intravenous acetazolamide in a dose of 250 - 500 mg to
loop diuretics in decompensated heart failure patients re-
sulted in increased diuresis and natriuresis. There was also
increased negative fluid balance and weight loss in the ac-
etazolamide patients. However, while the ADVOR study re-
ported a difference of 523 mL in urine output between the
acetazolamide group and control in 48 h, Kosiorek et al [12]
reported a difference of 1,550 mL, about three times of AD-
VOR. The reason for such a significant difference is unclear,
but a higher baseline glomerular filtration rate (GFR) in the
Kosiorek et al [12] study compared to ADVOR (GFR 58 vs.
39 mL/min) could be contributory. The analysis of the AD-
VOR study showed that higher baseline GFR, higher blood
pressure, higher serum sodium, and lower maintenance loop
diuretic dose are predictors of natriuresis in patients in the
ADVOR study [15].

Furthermore, the ADVOR study showed that the effect of
acetazolamide is significantly higher in patients with serum bi-
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Table 1. Summary of Studies Included in the Review

Authors

Mullens et al 2022

Kosiorek et al

Trullas et al 2023 [13]

Piardi et al 2021 [14]

[11] (ADVOR trial) 2023 [12] (CLOROTIC trial)
Year® 2022 2023 2023 2021
Patients number 519 61 230 51
Location® Belgium Poland Spain Brazil
Enrollment timing (of =~ Within 24 h Within 24 h Within 24 h Within 24 h
hospital admission)
Start time for therapy = Day 1 Day 1 Day 1 Day 1
(of hospital admission)
Randomized therapy  Placebo vs. IV Acetazolamide 250  Hydrochlorothiazide Hydrochlorothiazide 50 mg
acetazolamide 500mg  mg orally daily for based on patient’s GFR:
daily for 3 days 2 days vs. standard > 50 mL/min: 25 mg
(double-blind) care (single-blind) daily; 20 - 50 mL/min:
50 mg daily; and < 20
mL/min: 100 mg daily
Background therapy IV loop diuretic IV furosemide IV furosemide IV furosemide

Baseline EF in
intervention group

Baseline renal function
Dyspnea
Diuresis in 48 h

Natriuresis
Fluid balance
Weight loss

Length of hospital stay

Worsening renal
function

Hypokalemia (<
3.0 mmol/L)

Hypotension

HF rehospitalization
within 3 months

Death from any cause
within 3 months

Key finding

43 £+ 15

GFR: 39 mL/min
NA

4,689 vs. 4,166
mL at day 2

91 vs. 80 mmol/L
on day 2

NA

NA

NS
NS

NS

NS
NS

NS

Successful
decongestion in
42.2% vs. 30.5%

36+ 15

GFR: 58 mL/min
NS

5,300 vs. 3,750
mL at48 h

114.7 vs. 74.4
mmol/L on day 2

-1,232 mL vs. -597
mL on day 2

3.2kgvs. 1.13
kg at day 2
NA

NS

NS

NA
NA

NA

The acetazolamide
group had
significantly higher

55 (40 - 63)

GFR: 43 mL/min
NS

1,775 vs. 1,400 mL at 24 h

Higher in the thiazide
group at 96 h

NA

2.3 kg vs. 1.5 kg after 72 h

NS

Higher in the
thiazide group

Higher in the
thiazide group

NS
NS¢

NS

Adding oral
hydrochlorothiazide to

IV furosemide improves

30+ 8

GFR: 30 mL/min
NS
NA

NA
NA
1.78 kgvs. 1.05 kg/day

NS
NS

NS

NA
NA

NA

Adding hydrochlorothiazide 50
mg to usual treatment resulted in a
synergistic effect on weight loss, with

diuresis, negative
fluid balance, and
weight loss.

diuretic response in acute
decompensated HF patients
but has an increased risk of
worsening renal function.

a statistically significant increase in
the diuretic effect for every 40 mg
of IV furosemide used in patients
with acute decompensated HF

aYear of publication. PLocationc of study. “Reported all-cause rehospitalization. GFR: glomerular filtration rate; EF: ejection fraction; HF: heart failure;
NA: not available; NS: no significant difference between groups.

carbonate > 27 mmol/L due to decreased diuresis in patients
with elevated bicarbonate levels. Interestingly, using aceta-
zolamide is not associated with significantly increased wors-
ening renal function, hypokalemia, or hypotension. However,

using acetazolamide was not associated with important clini-
cal outcomes such as reduced length of hospital stay, reduced
3-month heart failure readmission rate, or reduced 3-month
all-cause mortality.
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Randomized Controlled Trials With Thiazides in
Decompensated Heart Failure

The CLOROTIC double-blind, randomized controlled trial in-
volving 230 patients in Spain with acute decompensated heart
failure, who were randomized on day 1 of admission into the
intervention group that received hydrochlorothiazide based on
patients’ GFR (> 50 mL/min: 25 mg daily; 20 - 50 mL/min:
50 mg daily; and <20 mL/min: 100 mg daily) and the control
group that received placebo [13]. The EF was similar in both
groups, with a mean EF of 55% in the intervention group and
57% in the control group. Both groups received intravenous
loop diuretics as background therapy. The study showed that
patients on hydrochlorothiazide had more significant weight
loss than control within 72 h (2.3 kg vs. 1.5 kg). There was
also more substantial diuresis in the hydrochlorothiazide group
within 24 h compared to the control group (1,775 mL vs. 1,400
mL, P = 0.05). However, the two groups did not differ in pa-
tient-reported dyspnea from baseline to 72 h. Furthermore, the
two groups did not vary in hospital length of stay, all-cause
rehospitalization at 30 and 90 days, and all-cause mortality at
30 and 90 days. The lack of difference in the length of hospital
stay could be because, per the study protocol, all the patients
could not be discharged during the 5-day study period for close
monitoring of side effects.

However, there was increased impaired renal function
(46.5% vs. 17.2%, P < 0.001) and increased hypokalemia
(44.7% vs. 19%, P < 0.001) in the hydrochlorothiazide group
compared to control. There was no difference in hypotension
or hyponatremia between the two groups. One limitation of
the study is that most of the study population were Caucasians,
which limits the generalizability of the study. Furthermore, all
patients in the study had an underlying chronic heart failure
and were on moderate-to-high doses of home loop diuretics
before admission. Thus, the findings may not be generalizable
to those with newly diagnosed heart failure or with low diu-
retic requirements.

A smaller, single-center, double-blind, randomized con-
trolled trial by Piardi et al recruited 51 patients in Brazil with
acute decompensated heart failure, who were randomized on
day 1 of admission into the intervention group that received
hydrochlorothiazide 50 mg daily and the control group that re-
ceived placebo [14]. The EF was similar in both groups, with
a mean EF of 30% in the intervention group and 31% in the
control group. Both groups received intravenous furosemide
as background therapy. Patients received hydrochlorothiazide
for 3 days or until discharge, whichever came first. The study
found a greater average daily weight loss in the hydrochlo-
rothiazide group compared to the control (1.78vs. 1.05 kg/
day; P = 0.062). The groups did not differ in length of stay,
hypokalemia, in-hospital mortality, congestion score, dyspnea,
or thirst. Although the proportion of patients with increased
creatinine > 0.3 mg/dL was higher in the chlorothiazide group
compared to the control, this was not statistically significant
(58% vs. 41%; P = 0.38). However, in absolute numbers, there
was a borderline significant increase in creatinine in the hydro-
chlorothiazide group compared to the control (0.50 vs. 0.27; P
=0.05).
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When the two trials are considered together, adding hy-
drochlorothiazide to loop diuretics in decompensated heart
failure patients resulted in increased diuresis and weight loss.
However, adding hydrochlorothiazide to loop diuretics in pa-
tients with acute decompensated heart failure increases the risk
of impaired renal function. Unfortunately, we do not know if
the impaired renal function is transient or more persistent be-
cause the studies did not report follow-up renal function data.
However, the hydrochlorothiazide and control group did not
differ in hospital length of stay, in-hospital mortality, all-cause
rehospitalization at 30 and 90 days, and all-cause mortality at
30 and 90 days.

Comparing Acetazolamide and Thiazide Up-
front Use in Acute Heart Failure

Combining acetazolamide and thiazide with loop diuretics in-
creased diuresis in patients with acute decompensated heart
failure. Although an earlier study has suggested that thiazide
outperforms acetazolamide as an add-on diuretic based on
comparing the ADVOR and CLOROTIC studies, it is unclear
whether acetazolamide or thiazide has a more diuretic effect
when added to loop diuretics when all the trials are considered
together [17]. However, it appears that the diuretic effects of
either acetazolamide or thiazide diuretic are dependent on the
baseline GFR of the patients with urine output of 523 mL in 48
h in the ADVOR study with GFR of 39 mL/min, 375 mL in 24
h in the CLOROTIC study with GFR of 43 mL/min, and 1,550
mL in 48 h in the study of Kosiorek et al [12], with GFR of 58
mL/min. This is consistent with the analysis of the ADVOR
study, which showed that higher baseline GFR is a predictor
of natriuresis in patients in the ADVOR study and that higher
natriuresis is associated with greater diuresis and decongestion
[15]. Unlike the ADVOR and Kosiorek et al [12] studies that
gave patients a fixed dose of acetazolamide, the CLOROTIC
study increased the dose of hydrochlorothiazide with decreas-
ing GFR of the patients. However, even with the increasing
doses of the thiazide diuretic in those with lower GFR, the
CLOROTIC study found that the diuresis was directly related
to baseline GFR, with the highest diuresis seen in the group
with the highest GFR [18].

The studies suggest that acetazolamide is the medication
of choice to combine with loop diuretics in patients with meta-
bolic alkalosis. In the ADVOR study, patients with elevated
bicarbonate levels (> 27 mmol/L) had a significantly higher
response to acetazolamide with higher decongestion within 3
days, higher diuretic and natriuretic response, and decreased
length of stay compared to those with normal bicarbonate lev-
els. While previous studies have suggested the use of aceta-
zolamide as an add-on in patients with loop diuretic resistance
and metabolic alkalosis [5], the ADVOR study shows that the
up-front use of acetazolamide prevents the development of
metabolic alkalosis in patients on loop diuretics, thereby pre-
venting loop diuretic resistance from metabolic alkalosis [8].

The side effects reported with hydrochlorothiazide appear
to be greater than with acetazolamide. Unlike the thiazide stud-
ies, the acetazolamide studies showed no statistically signifi-
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cant worsening of renal functions with acetazolamide use. The
worsening renal function with thiazide is consistent with prior
studies that reported worsening, albeit transient, azotemia and
increased creatinine with combined loop and thiazide diuretic
therapy [19, 20]. The mechanism for worsening renal func-
tion with thiazide is unclear; however, possible mechanisms
suggested in the past include direct renal injury, renal changes
caused by thiazide-induced metabolic abnormalities (hypoka-
lemia, hyperuricemia), overt volume depletion or stimulation
of the renin-angiotensin-aldosterone system (RAAS) from vol-
ume depletion [21].

Furthermore, unlike the acetazolamide studies, there
was increased hypokalemia with thiazide diuretic use in the
CLOROTIC study. This finding is consistent with other stud-
ies that showed an increased risk of hypokalemia with thiazide
diuretics [19, 20]. Although thiazides do not directly affect po-
tassium transport like loop diuretics, they indirectly stimulate
increased renal excretion of potassium. Hypokalemia results
from increased sodium and fluid delivery to the distal con-
voluted tubules due to upstream sodium transport inhibition,
resulting in increased physiological secretion of potassium.
Additionally, aldosterone secretion in response to volume con-
traction further promotes potassium secretion [22, 23]. How-
ever, these studies did not report other side effects, such as hy-
ponatremia and hypotension, previously reported with thiazide
diuretic use [20].

The acetazolamide and thiazide studies did not report any
difference in hospital readmission rates or mortality in the in-
tervention and control groups. This finding is consistent with
other studies that showed that diuresis with medications that
inhibit renal tubular sodium reabsorption does not confer a
long-term beneficial clinical effect in heart failure patients
[24-26], even when the medication is taken for a long time
[26]. Surprisingly, acetazolamide and thiazide diuretics were
not associated with reduced hospital length of stay in acute
heart failure compared to the controls. While the lack of differ-
ence in the CLOROTIC study might be because all the patients
were required to be admitted for a minimum of 5 days per
study protocol, the ADVOR study showed a significant dif-
ference in the length of hospital stays in the subset of patients
with elevated bicarbonate levels. Although Kosiorek et al [12]
did not report the difference in length of stay between the ac-
etazolamide group and control, given the significantly large
diuresis in the intervention group, we expect a lower length of
stay in the acetazolamide group in that study.

Conclusion and Future Directions

When all the trials are considered together, the upfront use of
acetazolamide may be helpful in carefully selected patients,
including patients with underlying elevated bicarbonate lev-
els (> 27 mmol/L) and those with good renal function (GFR
> 50). Conversely, though the upfront use of thiazide diuretic
added to intravenous furosemide improved diuretic response
in acute decompensated heart failure, we will not recommend
its upfront use because of an increased risk of worsening renal
function and lack of clear evidence of reducing hospital length
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of stay. Further research is needed to determine if the impaired
renal function noticed with the upfront use of hydrochlorothi-
azide with loop diuretics is transient or more persistent.

Acknowledgments

None to declare.

Financial Disclosure

The authors have no financial disclosure to report.

Conflict of Interest

The authors declare no conflict of interest concerning this ar-
ticle.

Author Contributions

All the authors were involved in conceptualizing the paper.
CU, TM, GK, RT, PD, CV and VBC wrote the initial draft. CU
and RG reviewed and substantially revised the paper. All the
authors have read and approved the final version of the paper.

Data Availability

The authors declare that data supporting the findings of this
study are available within the article.

Abbreviations

GFR: glomerular filtration rate; H+: hydrogen; NBC: sodium
bicarbonate cotransporter; NCC: sodium-chloride cotrans-
porter; HCOj;: bicarbonate; NHe3: sodium hydrogen isoform
3 exchanger; RAAS: renin-angiotensin-aldosterone system;
SGLT2: sodium-glucose cotransporter 2 inhibitors

References

1.  Heidenreich PA, Bozkurt B, Aguilar D, Allen LA, Byun
JJ, Colvin MM, Deswal A, et al. 2022 AHA/ACC/HFSA
guideline for the management of heart failure: a report of
the American College of Cardiology/American Heart As-
sociation Joint Committee on clinical practice guidelines.
J Am Coll Cardiol. 2022;79(17):¢263-e421. doi pubmed

2. McDonagh TA, Metra M, Adamo M, Gardner RS, Baum-
bach A, Bohm M, Burri H, et al. 2021 ESC Guidelines
for the diagnosis and treatment of acute and chronic heart
failure. Eur Heart J. 2021;42(36):3599-3726. doi pubmed

3. Ernst ME, Fravel MA. Thiazide and the thiazide-like diu-
retics: review of hydrochlorothiazide, chlorthalidone, and

www.cardiologyres.org 73


https://www.doi.org/10.1016/j.jacc.2021.12.012
http://www.ncbi.nlm.nih.gov/pubmed/35379503
https://www.doi.org/10.1093/eurheartj/ehab368
http://www.ncbi.nlm.nih.gov/pubmed/34447992

Acetazolamide and Hydrochlorothiazide in HF

Cardiol Res. 2024;15(2):69-74

10.

I1.

12.

13.

14.

15.

74

indapamide. Am J Hypertens. 2022;35(7):573-586. doi
pubmed

Duarte JD, Cooper-DeHoff RM. Mechanisms for blood
pressure lowering and metabolic effects of thiazide and
thiazide-like diuretics. Expert Rev Cardiovasc Ther.
2010;8(6):793-802. doi pubmed pmc

Verbrugge FH. Editor's Choice-Diuretic resistance in
acute heart failure. Eur Heart J Acute Cardiovasc Care.
2018;7(4):379-389. doi pubmed

Breton S. The cellular physiology of carbonic anhydras-
es. JOP. 2001;2(4 Suppl):159-164. pubmed

Zingerman B, Herman-Edelstein M, Erman A, Bar
Sheshet Itach S, Ori Y, Rozen-Zvi B, Gafter U, et al. Ef-
fect of acetazolamide on obesity-induced glomerular hy-
perfiltration: a randomized controlled trial. PLoS One.
2015;10(9):e0137163. doi pubmed pmc

Martens P, Verbrugge FH, Dauw J, Nijst P, Meekers E,
Augusto SN, Ter Maaten JM, et al. Pre-treatment bicar-
bonate levels and decongestion by acetazolamide: the
ADVOR trial. Eur Heart J. 2023;44(22):1995-2005. doi
pubmed

Verbrugge FH, Dupont M, Steels P, Grieten L, Swen-
nen Q, Tang WH, Mullens W. The kidney in congestive
heart failure: 'are natriuresis, sodium, and diuretics re-
ally the good, the bad and the ugly?'. Eur J Heart Fail.
2014;16(2):133-142. doi pubmed

Mullens W, Verbrugge FH, Nijst P, Tang WHW. Renal
sodium avidity in heart failure: from pathophysiology
to treatment strategies. Eur Heart J. 2017;38(24):1872-
1882. doi pubmed

Mullens W, Dauw J, Martens P, Verbrugge FH, Nijst P,
Meekers E, Tartaglia K, et al. Acetazolamide in acute
decompensated heart failure with volume overload.
N Engl J Med. 2022;387(13):1185-1195. doi pubmed
Kosiorek A, Urban S, Detyna J, Biegus J, Hurkacz M,
Zymlinski R. Diuretic, natriuretic, and chloride-regaining
effects of oral acetazolamide as an add-on therapy for
acute heart failure with volume overload: a single-cent-
er, prospective, randomized study. Pol Arch Intern Med.
2023;133(12):16526. doi pubmed

Trullas JC, Morales-Rull JL, Casado J, Carrera-Izquierdo
M, Sanchez-Marteles M, Conde-Martel A, Davila-Ramos
MF, et al. Combining loop with thiazide diuretics for
decompensated heart failure: the CLOROTIC trial. Eur
Heart J. 2023;44(5):411-421. doi pubmed

Piardi DS, Butzke M, Mazzuca ACM, Gomes BS, Alves
SG, Kotzian BJ, Ghisleni EC, et al. Effect of adding
hydrochlorothiazide to usual treatment of patients with
acute decompensated heart failure: a randomized clinical
trial. Sci Rep. 2021;11(1):16474. doi pubmed pmc
Verbrugge FH, Martens P, Dauw J, Nijst P, Meekers E, Au-
gusto SN, Jr., Ter Maaten JM, et al. Natriuretic response
to acetazolamide in patients with acute heart failure and

Articles © The authors | Journal compilation © Cardiol Res and Elmer Press Inc™

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

volume overload. J Am Coll Cardiol. 2023;81(20):2013-
2024. doi pubmed

Gilbert S, Desmeules F, Emond M, Blanchard PG. Poten-
tial novel therapy in acute decompensated heart failure
with volume overload. CJEM. 2023;25(7):587-588. doi
pubmed

Mullens W, Schulze PC, Westphal J, Bogoviku J, Bau-
ersachs J. Great debate: in patients with decompensated
heart failure, acetazolamide in addition to loop diuretics
is the first choice. Eur Heart J. 2023;44(24):2159-2169.
doi pubmed pmc

Trullas JC, Morales-Rull JL, Casado J, Carrera-Izquierdo
M, Sanchez-Marteles M, Conde-Martel A, Davila-Ramos
MEF, et al. Combining loop and thiazide diuretics for acute
heart failure across the estimated glomerular filtration
rate spectrum: A post-hoc analysis of the CLOROTIC tri-
al. Eur J Heart Fail. 2023;25(10):1784-1793. doi pubmed
Jentzer JC, DeWald TA, Hernandez AF. Combination of
loop diuretics with thiazide-type diuretics in heart failure.
J Am Coll Cardiol. 2010;56(19):1527-1534. doi pubmed

Brisco-Bacik MA, Ter Maaten JM, Houser SR, Vedage
NA, Rao V, Ahmad T, Wilson FP, et al. Outcomes associ-
ated with a strategy of adjuvant metolazone or high-dose
loop diuretics in acute decompensated heart failure: a pro-
pensity analysis. ] Am Heart Assoc. 2018;7(18):¢009149.
doi pubmed pmc

Reungjui S, Pratipanawatr T, Johnson RJ, Nakagawa T.
Do thiazides worsen metabolic syndrome and renal dis-
ease? The pivotal roles for hyperuricemia and hypoka-
lemia. Curr Opin Nephrol Hypertens. 2008;17(5):470-
476. doi pubmed pmc

Zillich AJ, Garg J, Basu S, Bakris GL, Carter BL. Thi-
azide diuretics, potassium, and the development of diabe-
tes: a quantitative review. Hypertension. 2006;48(2):219-
224. doi pubmed

Ellison DH, Loffing J. Thiazide effects and adverse ef-
fects: insights from molecular genetics. Hypertension.
2009;54(2):196-202. doi pubmed pmc

Butler J, Anstrom KJ, Felker GM, Givertz MM, Kalo-
geropoulos AP, Konstam MA, Mann DL, et al. Efficacy
and Safety of Spironolactone in Acute Heart Failure: The
ATHENA-HF Randomized Clinical Trial. JAMA Cardi-
0l. 2017;2(9):950-958. doi pubmed pmc

Packer M, Butler J. Similarities and distinctions be-
tween acetazolamide and sodium-glucose cotransporter
2 inhibitors in patients with acute heart failure: Key in-
sights into ADVOR and EMPULSE. Eur J Heart Fail.
2023;25(9):1537-1543. doi pubmed

Konstam MA, Gheorghiade M, Burnett JC, Jr., Grinfeld
L, Maggioni AP, Swedberg K, Udelson JE, et al. Effects
of oral tolvaptan in patients hospitalized for worsen-
ing heart failure: the EVEREST Outcome Trial. JAMA.
2007;297(12):1319-1331. doi pubmed

www.cardiologyres.org


https://www.doi.org/10.1093/ajh/hpac048
http://www.ncbi.nlm.nih.gov/pubmed/35404993
http://www.ncbi.nlm.nih.gov/pubmed/35404993
https://www.doi.org/10.1586/erc.10.27
http://www.ncbi.nlm.nih.gov/pubmed/20528637
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2904515
https://www.doi.org/10.1177/2048872618768488
http://www.ncbi.nlm.nih.gov/pubmed/29897275
http://www.ncbi.nlm.nih.gov/pubmed/11875253
https://www.doi.org/10.1371/journal.pone.0137163
http://www.ncbi.nlm.nih.gov/pubmed/26367377
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4569381
https://www.doi.org/10.1093/eurheartj/ehad236
http://www.ncbi.nlm.nih.gov/pubmed/37138385
http://www.ncbi.nlm.nih.gov/pubmed/37138385
https://www.doi.org/10.1002/ejhf.35
http://www.ncbi.nlm.nih.gov/pubmed/24464967
https://www.doi.org/10.1093/eurheartj/ehx035
http://www.ncbi.nlm.nih.gov/pubmed/28329085
https://www.doi.org/10.1056/NEJMoa2203094
http://www.ncbi.nlm.nih.gov/pubmed/36027559
https://www.doi.org/10.20452/pamw.16526
http://www.ncbi.nlm.nih.gov/pubmed/37415505
https://www.doi.org/10.1093/eurheartj/ehac689
http://www.ncbi.nlm.nih.gov/pubmed/36423214
https://www.doi.org/10.1038/s41598-021-96002-6
http://www.ncbi.nlm.nih.gov/pubmed/34389780
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8363660
https://www.doi.org/10.1016/j.jacc.2023.03.400
http://www.ncbi.nlm.nih.gov/pubmed/37197845
https://www.doi.org/10.1007/s43678-023-00527-w
http://www.ncbi.nlm.nih.gov/pubmed/37302082
http://www.ncbi.nlm.nih.gov/pubmed/37302082
https://www.doi.org/10.1093/eurheartj/ehad266
https://www.doi.org/10.1093/eurheartj/ehad266
http://www.ncbi.nlm.nih.gov/pubmed/37207453
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10290873
https://www.doi.org/10.1002/ejhf.2988
http://www.ncbi.nlm.nih.gov/pubmed/37540036
https://www.doi.org/10.1016/j.jacc.2010.06.034
http://www.ncbi.nlm.nih.gov/pubmed/21029871
https://www.doi.org/10.1161/JAHA.118.009149
https://www.doi.org/10.1161/JAHA.118.009149
http://www.ncbi.nlm.nih.gov/pubmed/30371181
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6222930
https://www.doi.org/10.1097/MNH.0b013e328305b9a5
http://www.ncbi.nlm.nih.gov/pubmed/18695387
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2903051
https://www.doi.org/10.1161/01.HYP.0000231552.10054.aa
http://www.ncbi.nlm.nih.gov/pubmed/16801488
https://www.doi.org/10.1161/HYPERTENSIONAHA.109.129171
http://www.ncbi.nlm.nih.gov/pubmed/19564550
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2753383
https://www.doi.org/10.1001/jamacardio.2017.2198
http://www.ncbi.nlm.nih.gov/pubmed/28700781
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5675712
https://www.doi.org/10.1002/ejhf.2968
http://www.ncbi.nlm.nih.gov/pubmed/37403655
https://www.doi.org/10.1001/jama.297.12.1319
http://www.ncbi.nlm.nih.gov/pubmed/17384437

