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Background. One of the strategies for overcoming diuretic resistance among heart failure (HF) patients is adding thiazide-type
diuretics. +e main aim of this article is to compare the adverse clinical outcomes, including death and re-hospitalization, among
individuals suffering from severe acute decompensated HF (ADHF) that consumed furosemide or furosemide plus metolazone.
Methods. +is retrospective cohort study was done in the context of the Persian registry of cardiovascular disease (PROVE) from
September 2017 to September 2018. One thousand and four hundred thirty-eight individuals (furosemide: 972 and furosemide
plus metolazone: 466) with the final diagnosis of severe ADHF (left ventricular ejection fraction < 30%) were selected and followed
for 10.3± 7.8 months.+e association between two groups, as mentioned above, with the incidence of death and re-admission, was
evaluated with different models. Results. +e mean age of the study population was 68.19± 12.98 years. +ere was no significant
relation in terms of death or re-hospitalization between patients with different diuretic regimens. After adjustment of potential
confounders, we found that adding metolazone as an adjuvant HF therapy was not independently associated with death or re-
hospitalization (hazard ratio (HR): 0.78,95% confidence interval (CI)� 0.59–1.03, P� 0.085, and odds ratio (OR): 0.80, 95% CI:
0.60–1.07, P� 0.135, respectively). Conclusion. Our findings revealed that adding metolazone in patients with furosemide re-
sistance is not associated with higher morbidity and mortality. +erefore, usage of these two therapeutic agents could be a helpful
strategy for severe HF patients.

1. Introduction

Increasing the prevalence of previously proved cardiovas-
cular risk factors among developed and developing nations
leads to categorizing cardiovascular diseases (CVDs) as the
leading cause of mortality [1–6]. One of the most debilitating
diseases is heart failure (HF), defined as a declining cardiac
pump function to meet tissue metabolic demands. Although
several prognostic factors, as well as therapeutic methods,
have been suggested till now, this chronic disorder has been

associated with 31.7% mortality. It causes $ 108 billion
dollars for its annual management cost [7–10]. For each
patient, this economic burden ranges from $ 908 to $ 40,971,
and it has been reported that more than $ 50 billion would be
expended for acute decompensated HF (ADHF) by the year
2030 [2, 11]. Fluid overload remains one of the main ob-
stacles among HF patients; therefore, providing a euvolemic
state is mandatory, which could be done with several
strategies. Despite no approved superiority in terms of
survival rate with loop diuretics, these agents remain the
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cornerstone part of HF treatment in a way that this drug had
been prescribed for 86–97% of individuals hospitalized for
ADHF [11, 12]. By the way, the efficacy of the agents
mentioned above is not optimal among some patients
leading to the introduction of a term named “diuretic re-
sistance (DR).” Several definitions have been described, and
some of them include persistent overload symptoms despite
> 80mg of daily furosemide, excretion of less than 90mmol
of sodium in the presence of 160mg furosemide during three
days, or less than 0.2% sodium excreted as filtered load
[13, 14]. Although the exact pathophysiological mechanism
for this phenomenon has yet to be defined, drug interaction,
increased neurohormonal activity plus reduced drug de-
livery to its proper site of action, and compensatory ad-
aptation in tubular cells are proposed as probable
explanations [15]. On the other hand, several interventions
have been suggested to overcome this resistance; some in-
clude salt restriction, heightened loop diuretic dosage, or
adding a different class of diuretic agents [15, 16]. Meto-
lazone (7-chloro-2-methyl-3-(2-methyl phenyl)-4-oxo-2,3-
dihydro-1H-quinazoline-6-sulfonamide) was first intro-
duced in the 1970s, and it has been categorized as a potent
agent in declining diuretic drug resistance due to desirable
properties like lower cost and higher bioavailability [16, 17].
Although diuretic resistance has been proved to be associ-
ated with higher mortality, long-term complication inci-
dence in the presence of metolazone as adjuvant therapy is
less frequently investigated [18].

+is article sought to assess the mortality and re-hos-
pitalization rates among patients suffering fromADHFwith/
without metolazone add-on therapy.

2. Materials and Methods

2.1. Study Population. +is retrospective cohort study was
conducted in the context of the Persian registry of cardio-
vascular disease/HF (PROVE/HF) project. In brief, the main
aim of the latter ongoing study was developing a database to
implement as a national guideline for the assessment of
information about prevention, diagnosis, and treatment of
CVDs [19, 20]. From September 2017 to September 2018,
any patients admitted with the diagnosis of severe ADHF
(left ventricular ejection fraction (LVEF)< 30%) were eli-
gible for recruitment in this study. Being under 18 years or
unwilling to participate in the study as well as incom-
pleteness of data profile were defined as exclusion criteria.
+e participants were divided into two groups according to
the diuretic agent prescription categories (furosemide and
furosemide plus metolazone group) prescribed at the dis-
charge date, and the occurrence of death and re-hospitali-
zation was assessed during the follow-up duration. +e
purpose of the study was explained to each individual by the
principal investigator, and all participants had sufficient time
to ask any probable questions. +ey were also allowed freely
to leave the study at any time without any further conse-
quences. After implementing all inclusion and exclusion
criteria, 1438 individuals (furosemide group: 972 and fu-
rosemide plus metolazone group: 466) were eligible for
recruitment, and their whole data were analyzed. +is study

was approved by the ethics committee of the Isfahan Uni-
versity of Medical Sciences (IR.MUI.REC.1396.3.105).

2.2. Assessment of Variables. Each subject’s medical form
was gathered for age, sex (male/female), body mass index
(BMI), and smoking status. Moreover, data on the previous
history of hypertension, diabetes mellitus, chronic ob-
structive pulmonary disease, ischemic heart disease, stroke,
and renal problems were collected by a two-item scale (yes/
no). Blood pressure indices, including systolic blood pres-
sure (SBP) and diastolic blood pressure (DBP), as well as
heart rates, were assessed during admission. Laboratory
parameters, including hemoglobin, blood urea nitrogen
(BUN), and creatinine (Cr), were assessed from patients’
medical profiles. Data on medication usage, including an-
giotensin-converting enzyme inhibitors (ACEIs), angio-
tensin receptor blockers (ARBs), beta-blockers,
mineralocorticoid receptor antagonists, nitrates, digoxin,
and oral anticoagulants, were also assessed both in pre-
admission and discharge dates. After discharge, each indi-
vidual was followed by a telephone survey, and the probable
occurrence of death and re-hospitalization was obtained.
Participants were also followed for the consumption status
of diuretics. In the case of the occurrence of our pre-defined
outcomes, the patient or his/her relatives were invited to
display the relevant documentation.

2.3. Statistical Analysis. Categorical and continuous vari-
ables were reported as frequency (percentage) and mean-
± standard deviation (SD). Student’s t-test and chi-square
statistical examinations were utilized to assess the relation of
numerical and nominal variables, respectively. Cox regres-
sion hazard ratio (HR) and odds ratio (OR) models were
used to evaluate the relation of death and re-hospitalization
based on the categories of diuretic agent usage, respectively,
with univariate and multivariate models adjusted for age,
sex, BMI, ischemic heart disease, diabetes mellitus, hyper-
tension, stroke, kidney diseases, chronic obstructive pul-
monary disease, smoking, SBP, DBP, heart rates,
hemoglobin, sodium, potassium, BUN, Cr, and discharged
drug consumption (beta-blockers, ACEIs, ARBs, mineral-
ocorticoid receptor antagonists, digoxin, and nitrates). +e
multivariate model was used to assess the sole effect of
diuretic agent groups on death and re-hospitalization. For
evaluation of group differences among participants in
groups of furosemide or furosemide plus metolazone based
on death status, Kaplan–Meier curves with log-rank tests
were used. Statistical Package for the Social Sciences (SPSS,
version 22.0) was used to implement all analyses, and P
values less than 0.05 were defined as statistically significant.

3. Results

+e mean age of the study population at baseline was
68.19± 12.98 years. More than half of the study sample
contained male participants. +e total daily mean dosage of
furosemide in patients consuming this diuretic was
122.4± 62.1mg. In the second group, the total daily mean of
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furosemide and metolazone was 160.5± 38.8mg and
5.2± 2.8mg, respectively. Patients were followed for a mean
of 10.3± 7.8 months. General characteristics of individuals
according to the categories of diuretic usages at the baseline
are shown in Table 1. Individuals consuming furosemide
plus metolazone were mostly females and had lower he-
moglobin levels than those taking furosemide (36.9% vs.
27.5%, P< 0.001, and 13.09± 2.09 g/dl vs. 13.50± 2.04 g/dl,
P< 0.001, respectively). Beta-blockers and ACEIs/ARBs
were mostly used by patients within the furosemide plus
metolazone group before admission, with a remained dif-
ference after discharge. No significant relations were found
regarding the history of chronic diseases in the pre-ad-
mission state. During the entire follow-up duration, 320
(22.3%) deaths and 378 (26.3%) re-admissions occurred.
Table 2 provides information about death and re-hospital-
ization status according to different diuretic usage cate-
gories. Our findings showed that there was no significant
difference between death and re-hospitalization according to
diuretic regimens (death: furosemide plus metolazone:
20.8% vs. furosemide: 22.9%, P� 0.364; re-hospitalization:
furosemide plus metolazone: 24.2% vs. furosemide: 27.3%,
P� 0.224). Data on HR and OR of our pre-defined com-
plications based on different categories of diuretic usages are
shown in Table 3. We found no significant relation in terms
of death neither in univariate nor in multivariate models
(HR: 0.86, 95% confidence interval (CI): 0.68–1.10, P� 0.241,
and HR: 0.78, 95% CI: 0.59–1.03, P� 0.085, respectively).
Patients that consumed furosemide andmetolazone also had
insignificant lower odds of re-hospitalization than the ref-
erence group (OR: 0.80, 95% CI: 0.60–1.07, P� 0.135). As
depicted in Figure 1, Kaplan–Meier curves for death revealed
that participants who used two diuretic agents had no re-
markable different survival rates rather than individuals who
used furosemide (P� 0.226).

4. Discussion

Our principle aim of the current study was to evaluate the
probable occurrence of death and re-hospitalization among
Iranian ADHF patients who consumed either furosemide or
furosemide plus metolazone. Our findings revealed that
adding metolazone as an adjunctive HF therapy was not
associated with higher mortality or re-admission rates
during the follow-up period. +erefore, adding the thiazide
diuretic might be a reasonable approach while patients were
experiencing DR. Till now, there is no study evaluating the
probable effect of these factors on mortality and re-ad-
mission rates among ADHF patients receiving either fu-
rosemide or furosemide plus metolazone, and further
studies are required in this regard.

To the best of our knowledge, there are few studies done
in the literature concerning the main aim of the current
article. Brisco-Bacik et al. implemented a prospective co-
hort study to investigate the outcomes of two ADHF
therapeutic strategies, including metolazone addition or
escalation of diuretic dosages. +ree independent hospitals
were selected to obtain data of admissions from January
2013 to September 2015. Of all 13898 admissions, 7.5%

(n � 1048) of them had documentation proving that
metolazone was added as adjunctive HF therapy. +ey
followed their subjects for a median duration of 423 days to
evaluate all-cause mortality. +eir crude model revealed
that patients who took adjunctive metolazone had higher
HR of deaths (HR: 1.61, 95%CI: 1.42–1.83, P< 0.001).
Further multivariable adjustment of confounders remained
statistically significant (HR: 1.20, 95% CI: 1.04–1.39,
P � 0.01). Likewise, patients who received higher diuretic
dosages had heightened all-cause mortality risk in the
crude model (HR: 1.16, 95%CI: 1.08–1.23, P< 0.001). In
contrast, multivariable-adjusted models failed to prove any
significant association in this regard (HR: 0.97, 95% CI:
0.90–1.06, P� 0.52). +ey also further analyzed the data of
patients who received high-dose diuretics. Similar to our
findings, their findings revealed that the addition of
metolazone in case of high-dose diuretic therapy was not
associated with higher mortality chances neither in crude
nor in adjusted models (crude model: HR: 1.10, 95% CI:
0.73–1.39, P � 0.95, and adjusted model: HR: 0.73, 95% CI:
0.50–1.08, P � 0.11) [21].

Our findings revealed re-hospitalization was not dif-
ferent between patients who consumed furosemide plus
metolazone versus furosemide. Likewise, Cox et al. imple-
mented a randomized, double-blinded clinical trial. +ey
enrolled 60 acute HF patients who suffered from DR and
distributed them randomly to three arms (oral metolazone,
IV chlorothiazide, and tolvaptan).+ey followed them for 30
days after discharge and found that the re-admission rate
was not different in the metolazone add-on group compared
to the others [22].

Most other studies done in literature mainly focused on
short-term diuretic therapy outcomes during hospitaliza-
tion, including sodium, potassium, and urine output. For
instance, data analysis at a discharge date of ADHF patients
revealed that adding metolazone to furosemide was asso-
ciated with a higher prevalence of hypokalemia and hypo-
natremia and worsening of renal functions in comparison to
patients using just furosemide (P< 0.0001) [21].

On the other hand, several studies suggested the safety of
the aforementioned diuretic agent for considering as an add-
on strategy. Shulenberger et al. designed a study to assess the
efficacy of adding metolazone to 89 ADHF patients suffering
from DR compared to those receiving hydrochlorothiazide
(n� 88) during hospitalizations. +ey realized that meto-
lazone adjunctive therapy showed similar outcomes in terms
of renal function and electrolyte abnormalities with the latter
agent [23]. Moreover, another cohort study done on 55
patients suffering from ADHF and concurrent renal dys-
function showed that there were no significant differences
between 33 and 22 individuals being prescribed adjuvant
metolazone or chlorothiazide therapy with loop diuretics in
terms of sodium, potassium, hypotension, net urine output,
and renal function worsening [24].

Due to a lack of sufficient studies in this regard, the exact
explanation for these controversial results remains un-
known. One possible theory could be that despite some
adverse effects associated with metolazone usage, including
hypokalemia and hyponatremia, this agent was not
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associated with higher mortality or re-admission rates.
+erefore, this therapeutic strategy might be safely con-
sidered in patients with concurrent severe HF and DR.

+e quite large sample size and a reasonable duration of
follow-up were some strengths of this study. By the way,
some limitations should be considered. We did not obtain
information about the left ventricular end-diastolic volume
of each participant, which might be effective on our out-
comes. We did not assess any information about diuretic
dosage alterations during the follow-up survey. We did not

have information on ivabradine or angiotensin receptor
neprilysin inhibitors for using in our data analysis, which
might negatively affect our findings.

Furthermore, we performed this study in one city and
with just one type of diuretic agent as add-on therapy, which
necessitates further studies with other diuretic types.
+erefore, the generalizability of the findings must be done
with caution. Finally, we were unable to assess the post-
discharge care status of the patients, probably accomplished
by care managers or the patients themselves. +e potential
role of care managers in our final outcomes has been re-
ported to be effective. Ciccone et al. implemented a team-
based model named Project Leonardo to evaluate team
collaboration’s effectiveness in managing patients. +ey
trained 30 care manager nurses to connect specialists,
general practitioners, and patients suffering from HF, dia-
betes, and CVDs and performed this study for 18 months.
+ey found that implementing the care manager model led
to a positive impact on patients’ health and self-management
characteristics [25].

In conclusion, we found that metolazone add-on therapy
during furosemide resistance would not be associated with
higher mortality or re-hospitalization rates. +is safe ther-
apeutic intervention might be considered in clinical settings.
Multiple comprehensive studies are required to prove these
findings.

Abbreviations

CVDs: Cardiovascular diseases
HF: Heart failure
ADHF: Acute decompensated heart failure
DR: Diuretic resistance
PROVE: Persian registry of cardiovascular disease
LVEF: Left ventricular ejection fraction
BMI: Body mass index
SBP: Systolic blood pressure
DBP: Diastolic blood pressure
BUN: Blood urea nitrogen

Table 2: Distribution of death and re-hospitalization across different categories of diuretic usages.

Complications All (n� 1438) Furosemide plus metolazone (n� 466) Furosemide (n� 972) P
Death (%) 320 (22.3) 97 (20.8) 223 (22.9) 0.364
Re-hospitalization (%) 378 (26.3) 113 (24.2) 265 (27.3) 0.224

Table 3: Hazard ratio and odds ratio of death and re-hospitalization among study population according to different categories of diuretic
usages.

Variables Models
Diuretic agents

P
Furosemide Furosemide plus metolazone

Death Univariate 1.00 0.86 (0.68–1.10) 0.241
Multivariate ∗ 1.00 0.78 (0.59–1.03) 0.085

Re-hospitalization Univariate 1.00 0.85 (0.66–1.10) 0.224
Multivariate ∗ 1.00 0.80 (0.60–1.07) 0.135

∗Adjusted for age, sex, body mass index, ischemic heart disease, diabetes mellitus, hypertension, stroke, kidney diseases, chronic obstructive pulmonary
disease, smoking, systolic blood pressure, diastolic blood pressure, heart rate, hemoglobin, sodium, potassium, blood urea nitrogen, creatinine, and dis-
charged drug consumption (beta-blockers, angiotensin-converting enzyme inhibitors, angiotensin receptor blockers, mineralocorticoid receptor antagonists,
digoxin, and nitrates).

Log Rank: 0.226

Survival Functions

0.0

0.2

0.4

0.6

0.8

1.0

Cu
m

 S
ur

vi
va

l

10 20 300 40
Follow-up (months)

Furosemide plus metolazone
Furosemide

Figure 1: Survival curves for death according to different cate-
gories of diuretic agents.
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Cr: Creatinine
ACEIs: Angiotensin-converting enzyme inhibitors
ARBs: Angiotensin receptor blockers
SD: Standard deviation
HR: Hazard ratio
OR: Odds ratio
SPSS: Statistical Package for the Social Sciences
CI: Confidence interval.
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overview of diuretic resistance in heart failure,” Revista
Portuguesa de Cardiologia, vol. 37, no. 11, pp. 935–945, 2018.

6 Critical Care Research and Practice

 3537, 2021, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1155/2021/3820292 by R

eadcube (L
abtiva Inc.), W

iley O
nline L

ibrary on [24/09/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



[16] B. N. Reed and S. Devabhakthuni, “Diuretic resistance in
acute decompensated heart failure,” Critical Care Nursing
Quarterly, vol. 40, no. 4, pp. 363–373, 2017.

[17] H.W. B. Cheng, M.-K. Sham, K.-Y. Chan, C.-W. Li, H.-Y. Au,
and T. Yip, “Combination therapy with low-dose metolazone
and furosemide: a “needleless” approach in managing re-
fractory fluid overload in elderly renal failure patients under
palliative care,” International Urology and Nephrology, vol. 46,
no. 9, pp. 1809–1813, 2014.

[18] J.-C. Trullàs, J. Casado, J.-L. Morales-Rull et al., “Prevalence
and outcome of diuretic resistance in heart failure,” Internal
and Emergency Medicine, vol. 14, no. 4, pp. 529–537, 2019.

[19] M. Givi, N. Sarrafzadegan, M. Garakyaraghi et al., “Persian
registry of cardiovascular disease (PROVE): design and
methodology,” ARYA Atherosclerosis, vol. 13, no. 5,
pp. 236–244, 2017.

[20] M. Givi, K. Heshmat-Ghahdarijani, M. Garakyaraghi et al.,
“Design and methodology of heart failure registry: results of
the Persian registry of cardiovascular disease,” ARYA Ath-
erosclerosis, vol. 15, no. 5, pp. 228–232, 2019.

[21] M. A. Brisco-Bacik, J. M. ter Maaten, S. R. Houser et al.,
“Outcomes associated with a strategy of adjuvant metolazone
or high-dose loop diuretics in acute decompensated heart
failure: a propensity analysis,” Journal of the American Heart
Association, vol. 7, no. 18, Article ID e009149, 2018.

[22] Z. L. Cox, R. Hung, D. J. Lenihan, and J. M. Testani, “Diuretic
strategies for loop diuretic resistance in acute heart failure,”
Journal of the American College of Cardiology: Heart Failure,
vol. 8, no. 3, pp. 157–168, 2020.

[23] C. E. Shulenberger, A. Jiang, S. Devabhakthuni, V. Ivaturi,
T. Liu, and B. N. Reed, “Efficacy and safety of intravenous
chlorothiazide versus oral metolazone in patients with acute
decompensated heart failure and loop diuretic resistance,”
Pharmacotherapy: .e Journal of Human Pharmacology and
Drug .erapy, vol. 36, no. 8, pp. 852–860, 2016.

[24] M. P. Moranville, S. Choi, J. Hogg, A. S. Anderson, and
J. D. Rich, “Comparison of metolazone versus chlorothiazide
in acute decompensated heart failure with diuretic resistance,”
Cardiovascular .erapeutics, vol. 33, no. 2, pp. 42–49, 2015.

[25] M. Ciccone, F. Bux, F. Cortese et al., “Feasibility and effec-
tiveness of a disease and care management model in the
primary health care system for patients with heart failure and
diabetes (Project Leonardo),” Vascular Health and Risk
Management, vol. 6, Article ID 297, 2010.

Critical Care Research and Practice 7

 3537, 2021, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1155/2021/3820292 by R

eadcube (L
abtiva Inc.), W

iley O
nline L

ibrary on [24/09/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense




