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Abstract 
Acetazolamide, one of the carbonic anhydrase inhibitors, has been known to improve the 

efficacy of diuretic therapy in patients with in congestion heart failure. The aim this study 

was to investigate the effectiveness of acetazolamide when combined with loop diuretics 

in ameliorating diuresis and natriuresis in congestive heart failure using systematic review 

and meta-analysis. Randomized controlled trials (RCTs) and cohort studies were searched 

on PubMed, Scopus, and Embase on March 7, 2023, by using combinations of 

‘acetazolamide’, ‘heart failure’ and along with their respective synonyms. The protocol had 

been registered on PROSPERO (CRD42023409864). The studies must investigate the 

effect of oral acetazolamide as the add-on to loop diuretic therapy to be included. 

Successful decongestion, natriuresis, and diuresis were set as the primary outcomes. The 

quality of the included studies was assessed using the Cochrane risk-of-bias tool for RCTs 

and Newcastle Ottawa Scale for observational studies. We identified 1176 titles in the 

initial search, and further reduced to five studies (three RCTs and two cohort studies) after 

in-depth screening. A total of 625 patients were recruited in the included studies published 

from 2015 to 2022. Results from meta-analysis revealed that acetazolamide and loop 

diuretics combination therapy ameliorated natriuresis (n=4; standardized means 

difference (SMD): 0.65; 95%CI: 0.07–1.24; p=0.03) and diuresis (n=2; SMD: 0.29; 

95%CI: 0.12–0.46; p=0.0009) when compared to loop diuretics alone. Acetazolamide and 

loop diuretics combinatorial therapy is efficacious in alleviating congestion in heart failure 

patients.  

Keywords: Acetazolamide, carbonic anhydrase inhibitor, heart failure, loop diuretics, 

decongestion 

Introduction 

The prevalence of heart failure is high and become a major public health problem that has an 

estimated effect on 26 million people worldwide with the occurrence of high mortality, morbidity, 

and hospitalization [1-5]. The hospitalization of heart failure patients is mainly caused by the 

signs and symptoms of congestion [6]. Congestion in heart failure patients is associated with poor 

clinical outcomes, extended lengths of stay in the hospital, and elevated mortality rates [7,8].  

Several decades ago, the diuretic that was used to achieve decongestion in heart failure was 

acetazolamide. Acetazolamide acts as a carbonic anhydrase inhibitor that blocks sodium and 

bicarbonate reabsorption in the proximal renal tubular, promoting fluid excretion [6].  However, 
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the use of acetazolamide to treat fluid overload in heart failure patients has been abandoned since 

the emergence of loop diuretics which are considered to be more potent [9,10]. Differently from 

acetazolamide, loop diuretics decreased sodium and chloride reabsorption from urine by blocking 

the Na+/2Cl-/K+ cotransporter of the thick ascending loop of Henle [11]. Nowadays, in the 

occurrence of volume overload, the current guideline by the American Heart Association 

/American College of Cardiology/Heart Failure Society of America joint committee) recommends 

the administration of loop diuretics, both in the acute and chronic phases of heart failure [12]. 

Nonetheless, acetazolamide has a big potential to be used as an adjunct therapy with loop 

diuretics to alleviate the plasma volume overload among heart failure patients. Acetazolamide 

inhibits the reuptake of sodium bicarbonate in the proximal tubules of the kidney which increased 

the supply of sodium to Henle’s loop, hence it has a boosting effect on loop diuretics especially in 

cases of reduced renal blood flow [13]. An observational study in acute heart failure has witnessed 

that the use of acetazolamide as an add-on therapy improves the efficiency of loop diuretics [14]. 

Moreover, acetazolamide also inhibits the pendrin system in the distal nephron, which might be 

a candidate mechanism of diuretic resistance [15]. Despite being supported by growing bodies of 

evidence for its potential, systematic review and meta-analysis on acetazolamide as adjunct 

therapy for loop diuretics are still underreported. 

Methods 

Protocols and registration 

Protocols for this present systematic review and meta-analysis were designed in accordance with 

the preferred reporting items for systematic reviews and meta-analyses (PRISMA) guidelines. 

The protocols have been registered in the International Prospective Register of Systematic 

Reviews (PROSPERO) with registration number: CRD42023409864. 

Search strategy 

Search for the published records were carried out on March 7, 2023, utilizing the searching 

feature available on PubMed, Scopus, and Embase. A combination of keywords ‘acetazolamide’ 

and ‘heart failure’ was used, along with the synonyms from the respective keyword. Boolean 

operators (‘OR’/’AND’) were employed in the three databases, and the complete keyword 

combinations have been presented in Table 1.  

Table 1. Keyword combinations used in each database 

Database Keyword combination 
PubMed  ("acetazolamide" OR "carbonic anhydrase inhibitor") AND ("heart failure" OR "acute 

decompensated heart failure" OR "congestive heart failure") 
Embase  ('acetazolamide':ti,ab,kw OR 'carbonic anhydrase inhibitor':ti,ab,kw) AND ('heart 

failure':ti,ab,kw OR 'acute decompensated heart failure':ti,ab,kw OR 'congestive heart 
failure':ti,ab,kw) 

Scopus  TITLE-ABS-KEY (("acetazolamide" OR "carbonic anhydrase inhibitor") AND ("heart 
failure" OR "acute decompensated heart failure" OR "congestive heart failure")) 

Inclusion and exclusion criteria 

Inclusion and exclusion criteria in this study adopt the PICOS framework (population, 

intervention, control, outcome, and study design) [16], which has been presented below: (1) 

Population: patients who have been diagnosed with heart failure and developing congestion; (2) 

Control: a single therapy of loop diuretic; (3) Outcome: diuresis, natriuresis, fluid balance, N-

terminal pro-B-type natriuretic peptide (NTproBNP), serum chloride concentration, and 

successful decongestion; (4) Study: randomized clinical trials (RCTs) and observational studies. 

Studies were excluded if having one of the following criteria: (1) participated by patients with 

comorbidities that contribute to the congestion such as pulmonary embolism, stage 5 chronic 

kidney disease, and hypotension; (2) published in languages other than English; (3) not reporting 

one of the outcomes of interest; (4) acetazolamide was used in combination with add-ons; (5) 

review articles, case reports, conference proceedings, and abstracts, editorials, commentaries. 
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Screening and selection of the records 

We used PRISMA guideline to guide our screening and selection process which were carried out 

by two independent reviewers (M.A. and N.H.) [17]. Duplicates were immediately removed once 

the identified records were imported to Mendeley Desktop v1.19.8. The screening process was 

then conducted based on the ‘Title’ and ‘Abstract’, and selectively reduced by full-text screening 

according to the predetermined inclusion/exclusion criteria. Discrepancies in the final results 

were resolved by re-evaluating the articles and discussing them until a consensus was reached. 

Consultation with the third reviewer (M.I.) was done when the discrepancies persisted. 

Data extraction  

From the included studies, we collected the studies’ characteristics, patients’ characteristics, 

group assignment (acetazolamide versus control), treatment details, and related outcomes. 

Patients’ characteristics included gender (male or female, %) and age (mean ± standard deviation 

(SD), years old). Treatment details were collected as the dosage and administration frequency 

and length of the treatment duration. Outcome parameters of diuresis, natriuresis, fluid balance, 

N-terminal pro-B-type natriuretic peptide (NTproBNP), serum chloride concentration, and 

successful decongestion were collected. Continuous data and dichotomous data were presented 

as mean and percentage (%), respectively. Data conversion was only performed for those 

presented as median, converted to mean using the equation reported previously [18]. Other than 

that, the difference in units would be resolved by employing standardized means difference 

(SMD). 

Quality assessment 

To assess the quality of the included studies we employed Cochrane risk-of-bias tool and 

Newcastle Ottawa Scale for RCTs and observational studies, respectively. The assessment was 

performed independently by two reviewers (M.A. and T.F.D.). The studies were rated as having 

‘low’, ‘high’, or ‘unclear’ risk of bias according to the criteria in Cochrane risk-of-bias tool for 

group assignments, blinding, data calculation and interpretation, and other sources of biases. The 

studies were categorized as ‘high quality’ if the overall score from Newcastle Ottawa Scale was ≥7 

based on the selection, comparability, and outcome criteria.  

Data analysis 

Meta-analysis was only performed for outcomes that are reported in at least two studies. Forest 

plots were generated on the software developed by Cochrane Collaborations – RevMan version 

5.4.1. SMD and 95% confidence interval (95%CI) were calculated by comparisons of outcomes 

obtained in acetazolamide versus control groups. SMD, 95%CI, p-value (statistical significance 

cut-off p<0.05), and z-value were used to evaluate the effect of acetazolamide as compared to the 

control. Heterogeneities in study designs (administration frequency, dosage, and other study 

settings), as well as the patients’ characteristics, were resolved by using random-effect models. A 

cut-off of I2≥50% was used as the heterogeneity indicator [19]. Publication bias analysis using 

funnel plot was subjected to outcome(s) of interest reported in more than 10 studies [20,21]. 

Results 

Characteristics of the included studies 

The literature search and selection process workflow, along with the number of publications 

obtained from each step, are presented in Figure 1. We identified 1176 articles through our 

systematic search in the three databases. After duplicate removal, 836 articles were excluded in 

the title and abstract screening and full-text screening phases, respectively, after applying our 

inclusion criteria. Finally, among the five studies (625 patients) included in our systematic review, 

involving three RCTs and two cohorts. Moreover, four studies were eligible and included in the 

meta-analysis (Figure 1). One study was not included since insufficient data for the forest plot 

[22]. 
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Table 2. Characteristics and outcome of the included studies 

Author, years 
(Ref) 

Design Funding institution Characteristics Treatmenta Outcome 
Experimental Control 

Verbrugge, et 
al., 2015 [14] 

Cohort Research Foundation - 
Flanders; foundation 
Limburg Sterk Merk 

n=9 (exp); 17 (con) 
Age (years): 67±13 (exp+con) 
M/F: 40/14 (exp+con) 
EF <45%: patients with CHF 
NYHA II-IV 

Mean dose: 250 mg ALD + 2 mg 
LD 
Follow-up period: 188 days 
Background therapy: RAB 50%; 
BB 70%; MRA43%; D 11%; LD 
63% 

Mean dose: 2 mg LD 
Follow-up period: 188 days 
Background therapy: ARB 50%; 
BB 70%; MRA43%; D 11%; LD 
63% 

Natriuresis 

Imiela and 
Budaj, 2017 
[24] 

RCT Centre of Postgraduate 
Medical Education 

n=10 (exp); 10 (con) 
Age (years): 73.0±8.6 (exp); 
71.2±14.4 (con) 
M/F: 8/2 (exp); 9/1 (con) 
EF <50%: patients with CHF 
NYHA II-III 

Mean dose: 250 mg ALD + 90 
mg LDb 
Follow-up period: 4 days 
Background therapy: ACE-
I/ARB 80%; AS 50%; ST 80%; 
BB 90%; AB 50%; AM 70%; 
OAC/LMWH 70%; PPI 70% 

Mean dose: 122 mg LDb 
Follow-up period: 4 days 
Background therapy: ACE-
I/ARB 80%; AS 60%; ST 50%; 
BB 100%; AB 70%; AM 50%; 
OAC/LMWH 80%; PPI 90% 

Natriuresis, 
diuresis, fluid 
balance 

Verbrugge, et 
al., 2019 [23] 

RCT Research Foundation 
– Flanders; foundation 
Limburg Sterk Merk 

n=18 (exp); 16 (con) 
Age (years): 81±6 (exp); 78±7 
(con) 
M/F: 11/7 (exp); 11/5 (con) 
EF <50%: patients with CHF 
NYHA II-IV 

Mean dose: 250–500 mg ALD + 
3–4 mg LD 
Follow-up period: 34 months 
Background therapy: ACE-
1/ARB: 39%; BB: 89%; MRA: 
56%  

Mean dose: 6 mg LD  
Follow-up period: 34 months 
Background therapy: ACE-
1/ARB: 44%; BB: 94%; MRA: 
63% 

Natriuresis, 
NTproBNP 

Kataoka et 
al., 2019 [22] 

Cohort Not declared n=12 (exp); 18 (con) 
Age (years): 86.2±5.46 (exp); 
83.6±8.99 (con) 
M/F: 2/10 (exp); 7/11 (con) 
N/A: patients with CHF NYHA 
II-IV 
 

Mean dose: 250–500 mg ALD + 
LD 
 Follow-up period: 60 days 
Background therapy: ACE-
I/ARB: 33%; BB: 33%; CA: 
42%; MRA: 50%; TD: 8%; LD: 
75%; T: 17%  

Mean dose: LD  
Follow-up period: 60 days 
Background therapy: ACE-
I/ARB: 33%; BB: 33%; CA: 
39%; MRA: 61%; TD: 33%; LD: 
61%; T: 22% 

Serum chloride 

Mullens et 
al., 2022 [25] 

RCT Belgian Health Care 
Knowledge Center 

n=260 (exp); 259 (con) 
Age (years): 77.9±9 (exp); 
78.5±8.8 (con) 
M/F: 155/105 (exp); 170/89 
(con) 
EF <40% or >40%: patients 
with acute decompensated heart 
failure and clinical signs of 
volume overload 

Mean dose: 500 mg ALDb + 40 
mg LDb 
Follow-up period: 3 months 
Background therapy: ACE-
I/ARB: 50.2%; BB: 79.9%; 
MRA: 43.6% 

Mean dose: placebo + 40 mg 
LDb 
Follow-up period: 3 months 
Background therapy: ACE-
I/ARB: 53.8% P; BB: 81.5% P; 
MRA: 39.6% P 

Successful 
decongestion, 
Natriuresis, 
Diuresis 

AB: antibiotics; ACE-I: angiotensin-converting enzyme inhibitor; ALD: acetazolamide with loop diuretic; AM: amiodarone; ARB: angiotensin receptor blockers; AS: aspirin; BB: b-
blocker; CHF: chronic heart failure; con: control; EF: ejection fraction; exp: experimental; F: female; LMWH: low molecular weight heparin; LD: loop diuretic; M: male; MRA: 
mineralcorticoid receptor antagonist; NYHA: New York Heart Association functional class; OAC: oral anticoagulants; RCT: randomized controlled trials; ST: statin 
aOtherwise stated, the administration via oral route 
bIntravenous 
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Figure 1. PRISMA flow-chart of the included studies that reported the efficacy of acetazolamide 
in ameliorating congestion among heart failure patients. 

All studies recruited chronic or acute heart failure patients with left ventricular ejection 

fraction (EF) <50%, had at least one clinical sign of volume overload (i.e., edema, pleural effusion, 

or ascites), and plasma N-terminal pro-B-type natriuretic peptide (NTproBNP) levels >1000 

ng/L. Most of the studies administered acetazolamide as an adjunct therapy orally [14,22-24] 

(14,23-25), except for one study that was administered intravenously [25]. The follow-up duration 

across different studies ranged from four to 1020 days. Studies assessed several outcomes 

including diuresis, natriuresis, fluid balance, N-terminal pro-B-type natriuretic peptide 

(NTproBNP), serum chloride concentration, and successful decongestion. 

Quality of the included studies 

The summary risk of bias analysis for the RCTs design has been presented in Figure 2. Overall, 

all included studies performed randomized sequence generation, concealed the allocation 

process, reported all of the outcomes, and were not selective when reporting the data [14,22-25]. 

However, a study suffered performance bias and detection bias [25]. Additionally, for the 

observational study, the results have been presented in Table 3. The mean Newcastle Ottawa 

Scale obtained herein is eight, categorized as high quality. 

Effect on successful decongestion 

The effect on successful decongestion was only reported in one study [25]. Successful 

decongestion was measured by several parameters, viz no more than trace edema, no residual 

ascites, and no residual pleural effusion. The result revealed that successful decongestion 

occurred in 108 of 256 patients (42.2%) in the acetazolamide group and in 79 of 259 (30.5%) in 

the placebo group (risk ratio, 1.46; 95%CI: 1.17–1.82; p<0.001).  
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Figure 2. Summarized results of the quality appraisal based on Cochrane 5.2.0. risk of bias tool. 

Table 3. Results from the quality assessment on observational studies using Newcastle Ottawa 

Scale 

Author, years Study design Selection Comparability Outcome Total 
score 

Remark 

Kataoka et al., 2019 Cohort ★★★ ★★ ★★★ 8 Good 

Verbrugge et al., 2015 Cohort ★★★ ★★ ★★★ 8 Good 

Effect on diuresis and natriuresis 

The results of the random effect meta-analysis of the effect on diuresis and natriuresis have been 

presented in Figure 3. The effect of acetazolamide on natriuresis was assessed in four studies 

[14, 23-25]. The effect of acetazolamide therapy on natriuresis was statistically significant and 

favored the experimental group (n=4, SMD: 0.65, 95%CI: 0.07–1.24, p=0.03). The I2 of this 

analysis exceeded the 50% threshold (71%). 

The effect on diuresis was measured in two studies [24,25]. The effect of acetazolamide 

therapy on diuresis favored the experimental group with statistically insignificant (n=2, SMD: 

0.29, 95%CI: 0.12–0.46, p=0.0009) (Figure 3). There is no heterogeneity in the analysis 

(I2=0%). 

 

Figure 3. Forest plots for the efficacy of acetazolamide against diuresis and natriuresis in heart 
failure patients with congestion. 

Effect on fluid balance 

The effect on fluid balance was only reported in one study [24]. The study showed that 

acetazolamide effectively ameliorates the fluid balance among people with heart failure. The 

difference was statistically significant on day 4 (-666.0±1194.4 mL) and mean days 3 and 4  

(-541.0±774.3 mL) between the acetazolamide and control groups. 
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Effect on serum chloride concentration 

Serum chloride concentration increased in the short-term and the long-term observation periods 

compared to the baseline (paired t-test). Its effect to enhance the serum chloride concentration 

appears promptly within 10 days and persists for at least ~60 days [22]. 

Effect on plasma NTproBNP 

The effect on fluid balance was only reported in one study [23]. Plasma NTproBNP levels 

decreased from 8165 ng/L (4242–20719 ng/L) to 6341 ng/L (3377–14034 ng/L) after 72 h in the 

combinational treatment arm (p=0.001). However, the relative change in NTproBNP levels was 

similar among treatment arms at -12±38% vs -9±40% (p=0.829).  

Safety 

Among 515 patients who received acetazolamide or placebo did not experience severe metabolic 

acidosis in the treatment phase. Moreover, the incidence of hypokalemia, hypotension, and 

combined renal safety endpoint was not different between groups and did not associate with the 

acetazolamide or placebo [25]. 

Publication bias 

Unfortunately, our data were not sufficient for constructing the funnel plot which was aimed to 

identify publication bias since only five studies were included in the total. According to previous 

studies, funnel plot would not be able to generate reliable results if the studies were less than 10 

[20,21]. 

Discussion 
From the systematic review, it was found that a study reported a significantly higher number of 

successful decongestions in acetazolamide add-on group [25]. Since many patients were 

discharged without residual congestion, it can be considered as a significant achievement [26]. 

Residual discharges have been linked to poor outcomes, which further stresses the importance of 

acetazolamide in diuretic therapy [27]. Furthermore, significantly higher success rates were 

achieved for fluid balance [24], replenished chloride concentration [22], and  NTproBNP [23] 

which were reported by a single study each. From a meta-analysis of pooled SMDs from four 

studies, groups receiving acetazolamide add-on had higher natriuresis (Z=2.18; p=0.03). Based 

on the meta-analysis of two studies, diuresis was achieved significantly higher in the treatment 

group (Z=3.33; p=0.0009). Large effect size and p-value suggest that combinatorial therapy of 

acetazolamide and loop diuretics is more efficacious in improving congestion as compared to loop 

diuretics alone. 

Acetazolamide works by inhibiting carbonic anhydrase that is responsible in catalyzing the 

production of CO2 and water from carbonic acid that occurs in proximal convoluted tubules [28]. 

In this part of nephron, a large portion of total tubular sodium reabsorption takes place, around 

65% in normal conditions or 85% in cases of acute heart failure [13,29]. Moreover, it is worth 

noting that acetazolamide has a “non-reabsorbable anion-like effect”, which prompts the 

elimination of bicarbonate (HCO3
-) through the urinary tubules while allowing the absorption of 

filtered chloride into the bloodstream [30,31]. This simultaneously leads to higher potassium 

excretion through urine. Inhibiting carbonic anhydrase in proximal convoluted tubules 

consequently causes increased concentration of sodium in subsequent tubular segments (such as 

Henle’s loop and distal tubules) which are affected by sodium reabsorption promoter – renin–

angiotensin–aldosterone system [32,33]. This consequence of acetazolamide effect is actually 

beneficial for loop diuretics that work in more distal tubules by inhibiting Na+/2Cl-/K+ 

cotransporter [33, 34]. The mechanisms of actions of acetazolamide and loop diuretics have been 

presented in Figure 4. 

Other advantages of acetazolamide include its effect in improving sleep apnea [35], which is 

a common complication in the case of heart failure [36,37]. Further, acetazolamide might 

improve acid-base disorders (such as metabolic alkalosis) that prevalently occur during heart 

failure [38,39]. Moreover, heart failure patients developing blood alkalosis and urine acidosis 

have been associated with increased diuretic resistance [40]. These conditions could be mitigated 
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by acetazolamide since it acts in promoting tubular bicarbonate excretion and absorption of 

chloride ions into blood stream [41]. 

 

Figure 4. Mechanisms of actions of acetazolamide and loop diuretics in the proximal and distal 
tubules, respectively. Acetazolamide works by inhibiting the carbonic anhydrase that produces 
protons which are later exchanged with the tubular sodium ions and causes their reabsorption to 
the blood. Loop diuretics work by inhibiting Na+/2Cl-/K+ co-transporter that effectively stops the 
reabsorption of tubular sodium ions. Combination of acetazolamide in the proximal tubules and 
loop diuretics in the end of the loop of Henle or distal tubules results in successful decongestion. 

Congestion treatment with acetazolamide should be carried out by careful monitoring on the 

serum potassium concentration for possible fast appearance of hypokalemia (≤10 days) [22]. The 

level of serum potassium can be returned to normal by introducing or adding more dose of 

mineralocorticoid receptor antagonists and/or a potassium supplement for the possibility of 

malignant ventricular arrhythmias [42,43]. 

The interpretation of findings in this study is constrained by several factors including the 

limited number of studies available. Five studies were retrieved from the databases, only four of 

which were included in the meta-analysis. Nonetheless, with such limited evidence, this study 

was able to pool natriuresis data from 302 patients. Additionally, the heterogeneity was high 

which is ascribed to different subjects’ characteristics, level of heart disease, dose of 

acetazolamide, and type of loop diuretics used. The heterogeneity in the present study was 

resolved by employing random effect model. Nonetheless, the review authors were not able to 

identify the source of the heterogeneity. 

Conclusion 
Acetazolamide could be used as adjunct therapy to loop diuretics to treat congestive heart failure. 

The combination between acetazolamide and loop diuretics is effective in increasing natriuresis 

and diuresis. By inhibiting the reabsorption of sodium reabsorption in the proximal tubules of 

nephron, acetazolamide increases the efficacy of diuretics working on more distal tubules. We 

recommend the use of acetazolamide to achieve natriuresis and diuresis among congestive heart 

failure patients, but the serum sodium level should be closely monitored for possible 

hypokalemia. More evidence, especially from RCTs, is required to conclude the efficacy of 

acetazolamide to achieve successful decongestion. 
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