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Abstract Background Afier artery bypass grafting (CABG), the presence of perioperative AF (POAF) is associated with
greater short- and longterm cardiovascular morbidity. Underlying POAF mechanisms are complex and include the presence of an
arrhythmogenic substrate, cardiac fibrosis and electrical remodeling. Aldosterone is a key component in this process. We hypothesize
that perioperative mineralocorticoid receptor (MR) blockade may decrease the POAF incidence in patients with a left ventricular
ejection fraction (LVEF) >50% who are referred for CABG with or without aortic valve replacement (AVR).

STUdY CIESigI‘I The ALDOCURE trial (NCT03551548) will be a multicenter, randomized, double-blind, placebo-
controlled trial testing the superiority of a low-cost MR antagonist (MRA, spironolactone) on POAF in 1500 adults referred for
on-pump elective CABG surgery with or without AVR, without any history of heart failure or atrial arrhythmia.

The primary efficacy end point is the occurrence of POAF from randomization to within 5 days after surgery, assessed in a
standardized manner. The main secondary efficacy end points include the following: postoperative AF occurring within 5 days
after cardiac surgery, perioperative myocardial injury, major cardiovascular events and death occurring within 30 days of
surgery, hospital and intensive care unit length of stay, need for readmission, LVEF at discharge and significant ventricular
arrhythmias within 5 days after surgery. Safety end points, including blood pressure, serum potassium levels and renal
function, will be monitored regularly throughout the trial duration.

Conclusion The AIDOCURE trial will assess the effectiveness of spironolactone in addition to standard therapy for
reducing POAF in patients undergoing CABG.

Clinical trial registration NCT03551548 (Am Heart J 2019;214:88-96.)
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frequent, leading to substantial increases in mortality,
morbidity, and costs.! The incidence of new-onset
perioperative atrial fibrillation (POAF) ranges from 20%
to 40% after coronary artery bypass graft (CABG) surgery
with or without aortic valve replacement (AVR), and the
rate is up to 45% in heart failure patients and 64% after a
combined CABG and mitral valve surgery. 4 POAF
incidence increased dramatically when intensive AF
detection strategies were used.’ Historically, postopera-
tive atrial fibrillation (AF) was defined as transient
arrhythmia within the first week after cardiac surgery,
with a peak incidence between the second and third
postoperative days.” Although postoperative AF has been
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commonly regarded as a benign, transient, and self-
limited complication after cardiac surgery, it has been
shown to be associated with increased perioperative
morbidity, early mortality and greater long-term morbi-
mortallity.(’8 The benefits of patients remaining in sinus
rhythm include lower hospital readmission rates, reduced
length of stay, and fewer postoperative complications
(e.g., stroke, myocardial infarction, heart failure, ventric-
ular arrhythmias, and death). Moreover, a recent study
tested rate- versus rhythm-control strategies in postoper-
ative AF patients.” Both strategies that are used to treat
postoperative AF were associated with an equal number
of days of hospitalization and similar complication rates,
indicating that after postoperative AF has occurred, it is
already too late to prevent cardiovascular complications.
Finally, the prevalence and risks associated with POAF
encourage the development of additional convenient,
noninvasive, and cost-effective preventive strategies to
avoid its occurrence, especially during the preoperative
window, during which the maximum benefit of pharma-
cologic therapy can still be achieved.

Current knowledge about the mechanism of POAF and
pharmacological preventive strategies

While some POAF risk factors have been identified (i.e.,
advanced age, structural heart disease, metabolic syndrome,
and obesity), the pathological mechanisms responsible for
the onset and perpetuation of POAF remain unclear.'® In
addition, despite several treatment and preventive strategies,
the reported incidence of POAF remains high. 1976 date, p-
blockers and amiodarone are recommended as firstline
pharmacotherapy to prevent POAF.'’ However, these
pharmacological strategies, even when optimized, remain
suboptimal since nearly 30% of patients do not receive these
therapies.'”"" The evaluation of new preventive strategies
are ongoing, but they have not yielded convincing results to
date,* leaving opportunities for new approaches.

Preliminary results regarding the impact of preoperative
aldosterone levels on the occurrence of post-operative AF

Our group previously demonstrated that patients
presenting with primary aldosteronism had a significantly
higher rate of cardiovascular events than those of
matched patients that were affected by essential hyper-
tension. ? Interestingly, AF was diagnosed in 7.3% of
patients with primary aldosteronism and 0.6% of patients
with essential hypertension; therefore, primary aldoste-
ronism was associated with a 12-fold higher prevalence of
AF compared with that of essential hypertension.
Moreover, it is now well established that aldosterone
promotes myocardial inflammation and fibrosis,'®> mod-
ulates ionic currents'*'® and induces oxidative stress '
and therefore could create a substrate for POAF.

‘We previously published the results of the ALDO-POAF
study (ALDOsterone for prediction of Post-Operative
Atrial Fibrillation, NCT 02814903) that assessed the
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impact of preoperative plasma aldosterone levels on
postoperative AF incidence in patients with preserved
left ventricular ejection fraction (LVEF) who were
referred for elective CABG with or without AVR.'”'®
The ALDO-POAF study demonstrated that the preopera-
tive aldosterone level could be a valuable biomarker for
identifying patients at high risk of developing postoper-
ative AF and implied that hyperactivation of the
mineralocorticoid receptor (MR) in this context may be
deleterious. Recently, we validated our results in an
independent and external Japanese population from the
NU-HIT trial*® that supported a potential benefit of MR
blockade in this context. It has been previously shown
that aldosterone levels, which reflects MR activation,
could be enhanced after spironolactone introduction
(“aldosterone escape”) without any effect on MR
antagonist benefits. *>*2

Two meta-analyses investigated the impact of
MRAs on AF occurrence (of any type and context) and
found significant overall reduction of AF risk in MRA
treated patients (odds ratio: 0.48, 95% confidence
interval:0.38-0.60; relative ratio: 0.69, 95% confidence
interval: 0.58-0.83; respectively).

Therefore, we hypothesize that aldosterone receptor
blockade with spironolactone starting 14 + 4 days before
cardiac surgery and continuing for 30 days after surgery, in
addition to standard therapy, may reduce the incidence of
POAF and major cardiovascular events in CABG patients.

23,24

Rationale for the use of preoperative oral spironolac-
tone to reduce postoperative atrial fibrillation

There are two candidates for aldosterone inhibition:
the more familiar generic drug spironolactone and the
most recent drug eplerenone. The important clinical
benefits of these two mineralocorticoid receptor
blockers are supported by mechanistic animal studies
that have demonstrated that these agents reduce intersti-
tial fibrosis, ventricular remodeling, vascular oxidative
stress, improved endothelial function and have other
favorable actions that could be translate into clinical
benefits in patients who are referred for cardiac
surgery. 162531 Both drugs have demonstrated improve-
ment in the survival of high-risk cardiovascular patients
via mechanisms that likely go well beyond the renal
effects of aldosterone inhibition. However, spironolac-
tone, which seems to be the best-known aldosterone
antagonist, particularly regarding its anti-arrhythmic and
antifibrotic properties that are supposedly independent
of the mineralocorticoid receptor.?>2*?*3! Conversely,
spironolactone, in comparison to eplerenone, has been
shown to increase HbA1c and cortisol levels in patients with
heart failure after a 4 months duration of treatment.>* As
patients will be expose only during a short period to study
drugs in the ALDOCURE trial (around 40-45 days), we
anticipate no any impact of spironolactone on HbAlc and
cortisol. Furthermore, it has been shown that spironolactone
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did not improve endothelial dysfunction in patients with
diabetes mellitus.”> However, the expected mechanisms
underlying the protection against POAF conferred by
spironolactone is not supposed to involve an improve in
endothelial function. Spironolactone is associated with a
10% rate of gynecomastia in males, which is not a side effect
of eplerenone, that was reported in the Randomized
Aldactone Evaluation Study (RALES) trial,?* and this side
effect resulted in negligible discontinuation of the drug (8%
after the 24-month follow-up). Finally, spironolactone is less
expensive than eplerenone, which allows an intervention at
very low cost.

Funding

The study is entirely funded by a grant from the French
Ministry of Health (Programme Hospitalier de Recherche
Clinique PHRC-17-0608). The authors are solely respon-
sible for the design and conduct of this study including,
all study analyses, the drafting and editing of this
manuscript, and its final contents. The views expressed
are those of the authors and do not necessarily represent
the views of the French Ministry of Health.

Study design and obijectives

The ALDOCURE trial will be a multicenter, randomized,
double-blind, placebo-controlled trial (NCT03551548) of
the mineralocorticoid receptor antagonist (MRA) spir-
onolactone in adults with normal LV function (LVEF
=>50%) who are referred for on-pump elective CABG
surgery with or without AVR (Figure 1). The protocol was
approved by the Ethics Committee—Comité de Protec-
tion des Personnes Nord-Ouest IV—on May 18, 2018.

Study population

To be included in the ALDOCURE trial, patients must be
referred for elective CABG surgery with or without AVR
and must have a left ventricular ejection fraction (LVEF)
of 50% or more, without a previous history of AF. All
subjects are to be treated using the most adapted therapy,
based on international guidelines. The treatments may be
adjusted by the local medical practitioner, if necessary.
Investigators and patients will be blinded to the study
group allocation. All randomized subjects will be
followed, even if the study drug is discontinued ahead
of schedule, unless consent is withdrawn.

The eligibility criteria are detailed in Table 1.

Randomization and treatment protocol

After the assessment of inclusion and exclusion criteria
and obtaining written informed consent, the patients will
be randomized in a 1:1 ratio to receive standard therapy
with either oral spironolactone (25 mg) or placebo once
daily, starting 14 + 4 days before cardiac surgery and
continuing for 30 days after surgery. Subjects will be
randomly assigned in a 1:1 ratio using permuted blocks to
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receive either spironolactone or a matching placebo after
obtaining written informed consent. Randomization will
be stratified on centers and on age (<70 years old
and = 70 years old) and will be accomplished using the
online Ennov Clinical system accessed via a secure
website. After verifying key eligibility criteria, the
randomization software will return a treatment allocation
code that corresponds to either spironolactone or
placebo. Patients are intended to be included for a total
period of 3 years, with 1 month of follow-up and a total
duration of participation for the patient of 44 + 4 days.
An electrocardiogram (ECG) will be performed at
baseline and at each follow-up visit, and continuous
ECG monitoring (in the intensive care unit [ICU] or by
Holter-ECG/ECG telemetry in the stepdown unit stay) will
be performed during the first 5 postoperative days to
detect AF (no continuous ECG monitoring between
randomization and cardiac surgery). AF will be defined
according to 2014 American Association for Thoracic
Surgery (AATS) guidelines as AF requiring treatment or
anticoagulation, with ECG features of AF. ' In addition to
routine blood tests, 5 ml of blood will be collected at the
time of patient enrolment to measure the aldosterone
plasma level while the patients rest quietly in a semi
recumbent position for at least 10 min. Aldosterone levels
will be centrally measured by the biochemistry depart-
ment of the Caen University Hospital. With patient
consent, blood samples (30 ml) will be collected during
the same biological sample collection and will be rapidly
centrifuged and stored at —80 °C to generate a biobank
for future ancillary studies. The biobank will be managed
by and stored at the “Centre de Ressources Biologiques
(CRB)” of the Caen University Hospital. All clinical
endpoints will be adjudicated by a clinical events
committee in a blinded fashion. The daily dose of
spironolactone (25 mg) was chosen to reduce the risks
and side effects associated with this drug (side effects are
dose-dependent and more frequent at 75 mg/day),
according to a previous clinical trial that used this drug
in a cardiovascular context.> A data safety monitoring
board (DSMB) has been designated and will meet at least
twice (for the intermediate analyses after the first 460 and
918 inclusions) to ensure the continued scientific validity
and merit of the study, but it will also be able to be
convened at any time in case of any safety event
occurrence. The DSMB chair will be notified of any
event considered potentially or definitely related to the
study drug that occurs from randomization until the end
of the study. At the time of a notification, he/she will
determine if an additional DSMB meeting is required.

End points

The end points are detailed in Table 2. The primary
efficacy end point of the study is the occurrence of POAF
that occurs from randomization to within 5 days after
surgery, assessed in a standardized manner by continuous
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Figure 1

ALDOCURE study design
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Review of :
- Medical history

SCREENING AND BASELINEASSESSMENTFOR ELIGIBILITY

- Elective surgery: CABG + AVR without mitral valve surgery
- Current medications
- Leftventricular ejection fraction 250% and eGFR 230 mL/min
- No contraindications to spironolactone therapy

- No prior atrial fibrillation or other supra-ventricular tachycardia

(See Inclusion and Exclusion Criteria in Section8.1 and 8.2)

v

INFORMED CONSENT

|

RANDOMASSIGNEMENT OF PATIENT

(during the pre-operative outpatient visit at
least10 days before surgery, with the local

investigator)

V0, day of randomization)
THEN STARTOF STUDY DRUG 14 £ 4 days

before surgery)
Placebo Randomization Spironolactone*
——— = —
in addition to standard N = 1500 in addition to standard
therapy therapy
*Oral placebo once daily starting *Oral spironolactone 25 mg
14 + 4 days before surgery and once daily starting 14 + 4 days
continued 30 days after surgery before surgery and continued
30 days after surgery
CARDIAC SURGERY

(V1, day of surgery, day 14 £ 4 after starting study drug)

PRIMARY EFFICACY ENDPOINT

POAF occurring within 5 days of cardiac surgery

FOLLOW-UPVISITS
(V2, day 5 after surgery)

(V3, end of the study, day 30 after surgery, max day 33 after

surgery)

ALDOCURE study design.
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Table 1. Eligibility criteria of the ALDOCURE trial.

Inclusion criteria

Male or female; Age > 18 years
On-pump elective CABG surgery = AVR
In sinus rhythm
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Patient signed consent and willing to comply with scheduled visits, as outlined in the protocol

Speaks French
Recipient of the social security program
Exclusion criteria

Contraindications to spironolactone therapy: intolerance, hyperkalemia (>5.0 mmol/L), severe renal dysfunction (defined as an estimated glomerular
filtration rate (eGFR, MDRD-EPI formula) <30 ml/min/1.73m?. Subjects with serum creatinine >2.5 mg/dl are also excluded, even if their éGFR is >30 ml/
min/1.73m?), severe liver dysfunction (Child-Pugh Class 3), and patients treated by other potassium sparing medication (except in the case of

hypokalemia).
Patients treated with MRAs (spironolactone or eplerenone)
LVEF <50% obtained within 6 months prior to VO
Mitral valve surgery associated with the CABG
Off-pump beating or emergent/urgent CABG
History of AF or another atrial arrhythmia
Use of antiarrhythmic medication (other than B-blockers)
Previous heart surgery and heart transplant recipients

Unstable conditions: angina or acute coronary syndrome or heart failure during the last 3 months and cardiogenic shock
Patients included or planning to be included in another medical research protocol

Patients unable fo complete the protocol follow-up

Pregnant or nursing women or adults with protective measures (curatorship or tutorship or safeguarding justice or juridical protection)

ECG monitoring (during the ICU stay) or Holter-ECG/ECG
telemetry monitoring (during the stepdown unit stay)
started from cardiac surgery to 5 days after surgery.

Secondary efficacy end points include the following:

- Postoperative AF that occurs from cardiac surgery to
within 5 days after surgery;

- Perioperative myocardial injury within 2 days after
surgery (assessed by serial troponin measurements at day
0 (immediately after surgery) and at days 1 and 2 after
surgery);

- Major cardiovascular events and death (all-cause
mortality, stroke, myocardial infarction, and heart failure)
occurring within 30 days of surgery;

- Hospital and ICU stay;

- Need for readmission;

- Left ventricular ejection fraction (LVEF) at discharge
from both the ICU and the hospital;

- Significant ventricular arrhythmias that occur from
cardiac surgery to within 5 days after surgery;

- Blood pressure, serum potassium levels and renal
function 3 days after enrollment, on the day of surgery,
and then at days 1, 2, 3, 4 and 5 after surgery, and then
each week until day 30 after surgery;

- To evaluate whether the Aldoscore'” could predict
POAF occurrence, cardiovascular complications and mor-
tality that occurs within 30 days of surgery. The Aldoscore
was calculated as previously described (-8.3217+ 0.0842 x
Age+ 0.00729 x Aldosterone level).'”

Safety evaluation

The safety evaluation parameters were determined in
consideration of the potential risks associated with the
protocol and the drug (spironolactone). The main safety

evaluation parameters are blood pressure, kalemia and
renal function. These evaluations are performed routinely
in all patients after cardiac surgery, and we have
strengthened this monitoring for ALDOCURE as follows:
blood pressure measurement at each study visit (the
study drug will be stopped in cases of blood pres-
sure< 100/60 mmHg) and a monitoring of biochemical
variables (creatinine and electrolytes) at each study visit,
daily during the first 5 postoperative days and then once a
week until the end of the study. At any time during the
follow-up, any hypotension considered significant by the
local investigator and/or need to use vasoactive drugs will
be captured to ensure an optimal safety.

Regarding changes in potassium levels, discontinuation
or maintenance rules of the study drug after randomiza-
tion are presented in Table 3 and were adapted from
previous MRA trials (EPHESUS®> and RALES** trials).
Regarding renal function, any increase in plasma creati-
nine levels of >25% compared to baseline levels or any
need for dialysis or ultrafiltration will result in drug
discontinuation.

Statistical design and analysis

Based on data from recent trials that examined the
postoperative AF rate in a population similar to ours, 3¢
we estimated that the incidence of POAF would be
approximately 25% (range from 20.5 to 32.7% in control
groups). 436 Based on the assumption that spironolactone
would reduce this figure to 18.75% (corresponding to a
relative reduction of 25%), the inclusion of 1376 patients
guarantees a power of 80% with a one-sided alpha =
0.025. To take into account a potential 5% loss, we plan to
include a total of 1500 patients.
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Table 2. End point definitions

Primary endpoint
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Definition

Perioperative AF (POAF)

Secondary endpoints
Postoperative AF

Perioperative myocardial injury

Death

Cardiovascular death
Noncardiovascular death
Heart failure

Myocardial infarction

Stroke
Hospital and ICU stay

Need for readmission

LVEF at discharge from both
the ICU and hospital stay

Significant ventricular arrhythmias

Acute renal failure

Hyperkalemia
Low blood pressure

POAF occurrence (AF defined as atrial arrhythmia requiring treatment or anticoagulation
with ECG features of AF'®) from randomization to within 5 days affer surgery, assessed in
a standardized manner by continuous ECG monitoring (during the ICU stay) or
Holter-ECG/ECG telemetry monitoring (during the stepdown unit stay) starfted from

cardiac surgery to 5 days dfter surgery

Definitions

AF occurrence (AF defined as atrial arrhythmia requiring treatment or anticoagulation

with ECG features of AF'®) from cardiac surgery to within 5 days after CABG surgery
(+/- AVR), assessed in a standardized manner by continuous ECG monitoring

(during the ICU stay) or Holter-ECG monitoring (during the stepdown unit stay)

Serial measurements of the cardiac troponin | concentration at day 0

(immediately after surgery) and days 1 and 2 after surgery

Death of any cause occurring affer randomization

Documented death due to any cardiac, vascular or cerebrovascular conditions

Documented death due to any noncardiac, nonvascular and noncerebrovascular conditions
Newly occurring or worsening of previously existing symptoms such as: dyspnea upon
exertion in the absence of new pulmonary disease, paroxysmal nocturnal dyspnea or
orthopnea, sign(s) of venous congestion; additionally, the need for new or

increased specific freatment, including diuretics, angiotensin converting enzyme inhibitors,
other vasodilators, and positive inotropes used either de novo or with an increased

dosage if previously authorized and administered.

Two of the 3 criteria:

- Typical chest pain symptoms.

- Documented STEMI. ST-segment elevation (measured at the J-point) is considered
suggestive of ongoing coronary artery acute occlusion in the following cases:

at least two contiguous leads with ST-segment elevation >2.5 mm in men <40 years,

>2 mm in men >40 years, or >1.5 mm in women in leads V2-V3 and/or =1 mm

in the other leads [in the absence of left ventricular hypertrophy or left bundle branch block].*'
- Documented NSTEMI and elevation of troponin greater than the upper limit of

the laboratory reference range. >

Cerebrovascular event causing a focal neurological deficit lasting more than 24 hours.
Number of days from cardiac surgery to ICU and hospital discharge, respectively,
differentiating day of “medical” discharge (day for which the patient is medically

available for discharge) and day of “effective” discharge (day for which the patient is truly discharge).
Need for hospital readmission for cardiovascular reasons between discharge and the

end of the study (day 30 after surgery). Cardiovascular reasons include

myocardial infarction, heart failure, stroke, pericardial effusion, need for

surgical revision, need for coronary angiography or coronary revascularization,
ventricular or supraventricular arrhythmias and bradycardia.

Evaluation of the LVEF by echocardiography at discharge from both the ICU and hospital stay

Any lethal ventricular arrhythmia, any sustained (at least 30 sec) ventricular arrhythmia
requiring any medical therapy (antiarrhythmic drugs, electric shock or any

medical intervention), and the need for an implantable cardioverter device.

Any increase in plasma creatinine levels or eGFR of >25% compared to baseline

levels or any need for dialysis or ultrafiltration.

Serum potassium (K+) level >5.0 mmol/L

Blood pressure <100/60 mmHg

AF, Atrial fibrillation; AVR, dortic valve replacement; CABG, coronary artery bypass graft; ICU, infensive care unit; LVEF, left ventricular ejection fraction; MI, myocardial infraction;
MRAs, mineralocorticoid receptor antagonists; NSTEMI, non-ST elevation MI, POAF, perioperative atrial fibrillation; STEMI, ST elevation MI.

Table 3. Changes in potassium levels and the discontinuation or maintenance rules of the study drug after randomization

Serum potassium (K*) level (mmol/L)

Attitude to adopt

<5.0
>5.0

Continue study drug (spironolactone 25 mg/day or placebo)

Withhold dose — recheck K* within 72 hours

If K* <5.0, restart study drug

If K* >5.0, continue to monitor K*, restart study drug only when K* is <5.0
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Because the effect size is largely unknown, we considered
a sequential plan with 2 interim and one final analysis, with
the possibility of stopping the trial for futility or efficacy at
each step (PROC SEQDESIGN in SAS 9.4). Following a
Haybittle-Peto model with one interim analysis after 33% of
data is collected (460 patients) and a second interim analysis
after 67% of data is collected (918 patients), the total sample
size for the final analysis will be 1500 patients. Accordingly,
the study will stop for efficacy if the nominal zvalues
(corresponding P-values) are above (below) 3.0 (P < .0027)
and 3.0 (P < .0027) at stage 1 (460 patients) and stage 2 (918
patients), respectively. The study will stop for futility if the
nominal zvalues (corresponding p-values) are below
(above) -1.3765 (P> .91567) and— 0.70402 (P > .75929)
at stages 1 and 2, respectively. If the study continues to the
final analysis (i.e., stage 3, 1376 patients), the P-value for
statistical significance will be 0.0483, corresponding to a
nominal z-value of 1.97487. These analyses will be
conducted independently from investigators and will be
presented to the DSMB.

A flow chart will describe the patients who are
screened, randomized and analyzed according to the
CONSORT Figure. Baseline characteristics will be de-
scribed with numbers (percentages), mean (standard
deviation) and median (interquartile range), as appropri-
ate, according to the randomized group.

Regarding the analysis of the primary endpoint, the
percentages of POAF occurrence between randomized
groups will be compared with the use of Fisher's exact
test. The effect size of the experimental group will be
quantified by the Cochran-Mantel-Haenszel Estimate for
a Risk Ratio and its 95% confidence interval stratified on
age group (< versus =70 years old), as appropriate.

Regarding the analysis of secondary endpoints, the
following fixed sequence will be conducted to preserve
the overall type I alpha risk; each test will use P < .05 to
denote statistical significance and the procedure will stop
when a test is nonsignificant:

1) Postoperative AF;

2) Perioperative myocardial injury assessed by
troponin measurements;

3) Major cardiovascular events and death (all-
cause mortality, stroke, myocardial infarction,
beart failure).

The other secondary endpoints will be tested in an
exploratory manner: hospital and ICU stay, need for
readmission, LVEF at discharge (from both ICU and hospital),
the occurrence of ventricular arrhythmias, blood pressure,
serum potassium levels and renal function.

The comparison between groups for qualitative secondary
endpoints will follow the same statistical plan as the primary
endpoint, and the comparison between groups for quanti-
tative secondary endpoints will be computed by Student's t-
test or Mann-Whitney U test, as appropriate.
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Subgroup analysis based on the primary judgment
criteria will be performed. The Aldoscore, age (<70 years
old and =70 years old), presence or absence of (-
blockers, troponin I, history of heart failure at baseline,
creatinine and eGFR (MDRD formula) at baseline,
duration of assigned regimen before surgery, procedure
(CABG alone or CABG + AVR), EuroSCORE and other
medications that could interact with spironolactone
(angiotensin converting enzyme inhibitors, angiotensin
receptor antagonist, calcium blockers, and glucocorti-
coids) will be considered for these analyses.

The full-set analysis will include all randomized
subjects. The analyses will be carried out in an
intention-to-treat manner to minimize potential bias. In
the case of missing data regarding the primary outcome,
multiple imputations will be performed to comply with
the intent-to-treat approach, and the complete case
analysis will be performed as a sensitivity analysis.

A P-value below the Haybittle-Peto bounds will be
considered statistically significant (see above).

The statistical analysis will be performed using SAS
software version 9.4 (NC, Cary) by Prof. Jean-Jacques
Parienti at the Unit of Biostatistics and Clinical Research
of the Caen University Hospital in France.

Study organization

The coordinating center of the ALDOCURE trial is the
Caen University Hospital in Normandy, France. Twenty
French cardiac surgery centers will participate. The data
management and statistical analyses will be managed by the
Unit of Biostatistics and Clinical Research of the Caen
University Hospital in France. The trial is sponsored by the
Caen University Hospital and is funded by a public grant
from the Programme Hospitalier de Recherche Clinique of
the French Ministry of Health (PHRC-17-0608). The study
was designed by the principal investigators with insights
from the Steering Committee. The Steering Committee will
be in charge of the scientific decisions concerning the
ALDOCURE. The Steering Committee is composed of the
study designers, data coordinating center representatives,
and experts in the field. A Data Safety Monitoring Board will
be responsible for the independent assessment of the safety
data and will meet at least twice (for the intermediate
analyses after the first 460 and 918 inclusions) to ensure the
continued scientific validity and merit of the study, but it will
also be able to be convened at any time in case of any safety
event occurrence. A Clinical Events Committee will be
responsible for adjudicating protocol-specific events.

The authors are solely responsible for the design and
conduct of this study, all study analyses, the drafting and
editing of the paper and its final contents.

Summary and significance
To our knowledge, the ALDOCURE study represents
the first large trial to specifically assess the effectiveness
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of spironolactone in addition to standard therapy for
reducing POAF in 1500 patients undergoing elective
CABG surgery with or without AVR, without any history
of heart failure or atrial arrhythmia.

Current status

Currently, 7 of the 20 planed investigative centers are
open and 3 are actively recruiting patients. The other 13
investigative centers will gradually open over the next
few months with deadlines constrained by administrative
procedures. The first patient was recruited on October
10, 2018. Fifty-one patients have already been enrolled at
the date of manuscript submission. The study was
registered under the reference NCT03551548 on
ClinicalTrials.gov on June 11, 2018.

Participation of a research network

The protocol of the study was approved by the
scientific council of the REMOD-VHF FHU (University
Hospital Federation “Remodeling in Valvulopathy and
Heart Failure”), involving the academic centers of Caen,
Rouen, Amiens and Lille in France.
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Table 1 legend: AF, atrial fibrillation; AVR, aortic valve
replacement; CABG, coronary artery bypass graft; MRAs,
mineralocorticoid receptor antagonists.

Acknowledgements
None.
Conflict of interest: none declared.

References

1. LaPar DJ, Crosby IK, Rich JB, et al. A contemporary cost analysis of
postoperative morbidity after coronary artery bypass grafting with
and without concomitant aortic valve replacement to improve patient
quality and cost-effective care. Ann Thorac Surg 2013;96:
16211-627.

2. Maesen B, Nijs J, Maessen J, et al. Post-operative atrial fibrillation: a
maze of mechanisms. Europace 2012;14:159-74.

3. Simopoulos V, Tagarakis G, Hatziefthimiou A, et al. Effectiveness of
aldosterone antagonists for preventing atrial fibrillation after cardiac
surgery in patients with systolic heart failure: a retrospective study.
Clin Res Cardiol 2015;104:31-7.

4. Zheng Z, Jayaram R, Jiang L, et al. Perioperative rosuvastatin in
cardiac surgery. N Engl J Med 2016,374:1744-53.

5. Jorgensen TH, Thyregod HG, Tarp JB, et al. Temporal changes of new-
onset atrial fibrillation in patients randomized to surgical or
transcatheter aortic valve replacement. Int J Cardiol 2017,234:
16-21.

6. Megens MR, Churilov L, Thijs V. New-onset atrial fibrillation after
coronary artery bypass graft and long-term risk of stroke: a meta-
analysis. J Am Heart Assoc 2017;6, e007558.

20.

21.

22.

23.

24.

Alexandre et al 95

. Gialdini G, Nearing K, Bhave PD, et al. Perioperative atrial fibrillation

and the long-term risk of ischemic stroke. JAMA 2014;312:616-22.

. Mathew JP, Parks R, Savino JS, et al. Atrial fibrillation following

coronary artery bypass graft surgery: predictors, outcomes, and
resource utilization. MultiCenter Study of Perioperative Ischemia
Research Group. JAMA 1996,276:300-6.

. Gillinov AM, Bagiella E, Moskowitz AJ, et al. Rate control versus

rhythm control for atrial fibrillation after cardiac surgery. N Engl J
Med 2016;374:1911-21.

. Frendl G, Sodickson AC, Chung MK, et al. 2014 AATS guidelines for

the prevention and management of perioperative atrial fibrillation
and flutter for thoracic surgical procedures. J Thorac Cardiovasc Surg
2014;148:e153-93.

. Fellahi JL, Fornier W, Fischer MO, et al. The impact of an algorithm on

the optimization of beta-blockers after cardiac surgery. J Cardi-
othorac Vasc Anesth 2015;29:32-7.

. Milliez P, Girerd X, Plouin PF, et al. Evidence for an increased rate of

cardiovascular events in patients with primary aldosteronism. J Am

Coll Cardiol 2005;45:1243-8.

. Mayyas F, Alzoubi KH, Van Wagoner DR. Impact of aldosterone

antagonists on the substrate for atrial fibrillation: aldosterone
promotes oxidative stress and atrial structural /electrical remodeling.
Int J Cardiol 2013;168:5135-42.

. Alexandre J, Hof T, Puddu PE, et al. Rapid and MR-Independent IK1

activation by aldosterone during ischemia-reperfusion. PLoS One

2015;10, e0132592.

. Alexandre J, Puddu PE, Simard C, et al. Proarrhythmic effects of

aldosterone during myocardial ischemia-reperfusion: implication of the
sarcolemmal-KATP channels. J Cardiovasc Pharmacol 2014;64:134-41.

. Peframala L, Pignatelli P, Carnevale R, et al. Oxidative stress in

patients affected by primary aldosteronism. J Hypertens 2014;32:
2022-9. discussion 2029.

. Alexandre J, Saloux E, Chequel M, et al. Preoperative plasma

aldosterone and the risk of afrial fibrillation after coronary artery
bypass surgery: a prospective cohort study. J Hypertens 2016,;34:
2449-57.

. Chequel M, Ollitrault P, Saloux E, et al. Preoperative plasma

aldosterone levels and postoperative atrial fibrillation occurrence

following cardiac surgery: a review of literature and design of the
ALDO-POAF study (ALDOsterone for prediction of post-operative
atrial fibrillation). Curr Clin Pharmacol 2016;11:150-8.

. Alexandre J, Sezai A, Allouche S, et al. Aldoscore to predict

postoperative atrial fibrillation after cardiac surgery: external
validation in a Japanese cohort. J Hypertens 2017;35:2115-6.
Swedberg K, Eneroth P, Kjekshus J, et al. Hormones regulating
cardiovascular function in patients with severe congestive heart failure
and their relation to mortality. CONSENSUS trial study group.
Circulation 1990;82:1730-6.

Rousseau MF, Gurne O, Duprez D, et al. Beneficial neurohormonal
profile of spironolactone in severe congestive heart failure: results
from the RALES neurohormonal substudy. J Am Coll Cardiol 2002;40:
1596-601.

Pitt B, Zannad F, Remme WJ, et al. The effect of spironolactone on
morbidity and mortality in patients with severe heart failure.
Randomized aldactone evaluation study investigators. N Engl J Med
1999;341:709-17.

Neefs J, van den Berg NEW, Limpens J, et al. Aldosterone Pathway
Blockade to Prevent Atrial Fibrillation: A Systematic Review and Meta-
Analysis. Int J Cardiol 2017 Mar 15;231:155-61.

Liu T, Korantzopoulos P, Shao Q, et al. Mineralocorticoid receptor
antagonists and atrial fibrillation: a meta-analysis. Europace 2016
May;18(5):672-8.


http://ClinicalTrials.gov
http://refhub.elsevier.com/S0002-8703(19)30121-8/rf0005
http://refhub.elsevier.com/S0002-8703(19)30121-8/rf0005
http://refhub.elsevier.com/S0002-8703(19)30121-8/rf0005
http://refhub.elsevier.com/S0002-8703(19)30121-8/rf0005
http://refhub.elsevier.com/S0002-8703(19)30121-8/rf0005
http://refhub.elsevier.com/S0002-8703(19)30121-8/rf0010
http://refhub.elsevier.com/S0002-8703(19)30121-8/rf0010
http://refhub.elsevier.com/S0002-8703(19)30121-8/rf0015
http://refhub.elsevier.com/S0002-8703(19)30121-8/rf0015
http://refhub.elsevier.com/S0002-8703(19)30121-8/rf0015
http://refhub.elsevier.com/S0002-8703(19)30121-8/rf0015
http://refhub.elsevier.com/S0002-8703(19)30121-8/rf0020
http://refhub.elsevier.com/S0002-8703(19)30121-8/rf0020
http://refhub.elsevier.com/S0002-8703(19)30121-8/rf0025
http://refhub.elsevier.com/S0002-8703(19)30121-8/rf0025
http://refhub.elsevier.com/S0002-8703(19)30121-8/rf0025
http://refhub.elsevier.com/S0002-8703(19)30121-8/rf0025
http://refhub.elsevier.com/S0002-8703(19)30121-8/rf0030
http://refhub.elsevier.com/S0002-8703(19)30121-8/rf0030
http://refhub.elsevier.com/S0002-8703(19)30121-8/rf0030
http://refhub.elsevier.com/S0002-8703(19)30121-8/rf0035
http://refhub.elsevier.com/S0002-8703(19)30121-8/rf0035
http://refhub.elsevier.com/S0002-8703(19)30121-8/rf0040
http://refhub.elsevier.com/S0002-8703(19)30121-8/rf0040
http://refhub.elsevier.com/S0002-8703(19)30121-8/rf0040
http://refhub.elsevier.com/S0002-8703(19)30121-8/rf0040
http://refhub.elsevier.com/S0002-8703(19)30121-8/rf0045
http://refhub.elsevier.com/S0002-8703(19)30121-8/rf0045
http://refhub.elsevier.com/S0002-8703(19)30121-8/rf0045
http://refhub.elsevier.com/S0002-8703(19)30121-8/rf0050
http://refhub.elsevier.com/S0002-8703(19)30121-8/rf0050
http://refhub.elsevier.com/S0002-8703(19)30121-8/rf0050
http://refhub.elsevier.com/S0002-8703(19)30121-8/rf0050
http://refhub.elsevier.com/S0002-8703(19)30121-8/rf0055
http://refhub.elsevier.com/S0002-8703(19)30121-8/rf0055
http://refhub.elsevier.com/S0002-8703(19)30121-8/rf0055
http://refhub.elsevier.com/S0002-8703(19)30121-8/rf0060
http://refhub.elsevier.com/S0002-8703(19)30121-8/rf0060
http://refhub.elsevier.com/S0002-8703(19)30121-8/rf0060
http://refhub.elsevier.com/S0002-8703(19)30121-8/rf0065
http://refhub.elsevier.com/S0002-8703(19)30121-8/rf0065
http://refhub.elsevier.com/S0002-8703(19)30121-8/rf0065
http://refhub.elsevier.com/S0002-8703(19)30121-8/rf0065
http://refhub.elsevier.com/S0002-8703(19)30121-8/rf0070
http://refhub.elsevier.com/S0002-8703(19)30121-8/rf0070
http://refhub.elsevier.com/S0002-8703(19)30121-8/rf0070
http://refhub.elsevier.com/S0002-8703(19)30121-8/rf0075
http://refhub.elsevier.com/S0002-8703(19)30121-8/rf0075
http://refhub.elsevier.com/S0002-8703(19)30121-8/rf0075
http://refhub.elsevier.com/S0002-8703(19)30121-8/rf0080
http://refhub.elsevier.com/S0002-8703(19)30121-8/rf0080
http://refhub.elsevier.com/S0002-8703(19)30121-8/rf0080
http://refhub.elsevier.com/S0002-8703(19)30121-8/rf0085
http://refhub.elsevier.com/S0002-8703(19)30121-8/rf0085
http://refhub.elsevier.com/S0002-8703(19)30121-8/rf0085
http://refhub.elsevier.com/S0002-8703(19)30121-8/rf0085
http://refhub.elsevier.com/S0002-8703(19)30121-8/rf0090
http://refhub.elsevier.com/S0002-8703(19)30121-8/rf0090
http://refhub.elsevier.com/S0002-8703(19)30121-8/rf0090
http://refhub.elsevier.com/S0002-8703(19)30121-8/rf0090
http://refhub.elsevier.com/S0002-8703(19)30121-8/rf0090
http://refhub.elsevier.com/S0002-8703(19)30121-8/rf0095
http://refhub.elsevier.com/S0002-8703(19)30121-8/rf0095
http://refhub.elsevier.com/S0002-8703(19)30121-8/rf0095
http://refhub.elsevier.com/S0002-8703(19)30121-8/rf0100
http://refhub.elsevier.com/S0002-8703(19)30121-8/rf0100
http://refhub.elsevier.com/S0002-8703(19)30121-8/rf0100
http://refhub.elsevier.com/S0002-8703(19)30121-8/rf0100
http://refhub.elsevier.com/S0002-8703(19)30121-8/rf0105
http://refhub.elsevier.com/S0002-8703(19)30121-8/rf0105
http://refhub.elsevier.com/S0002-8703(19)30121-8/rf0105
http://refhub.elsevier.com/S0002-8703(19)30121-8/rf0105
http://refhub.elsevier.com/S0002-8703(19)30121-8/rf0110
http://refhub.elsevier.com/S0002-8703(19)30121-8/rf0110
http://refhub.elsevier.com/S0002-8703(19)30121-8/rf0110
http://refhub.elsevier.com/S0002-8703(19)30121-8/rf0110
http://refhub.elsevier.com/S0002-8703(19)30121-8/rf0115
http://refhub.elsevier.com/S0002-8703(19)30121-8/rf0115
http://refhub.elsevier.com/S0002-8703(19)30121-8/rf0115
http://refhub.elsevier.com/S0002-8703(19)30121-8/rf0120
http://refhub.elsevier.com/S0002-8703(19)30121-8/rf0120
http://refhub.elsevier.com/S0002-8703(19)30121-8/rf0120

96 Alexandre et al

25.

26.

27.

28.

29.

30.

Alexandre J, Beygui F, Puddu PE, et al. Electrophysiological and
antiarrhythmic properties of potassium canrenoate during myocardial
ischemia-reperfusion. J Cardiovasc Pharmacol Ther 2015;20:313-21.
Caballero R, Moreno |, Gonzalez T, et al. Spironolactone and its main
metabolite, canrenoic acid, block human ether-a-go-go-related gene
channels. Circulation 2003;107:889-95.

Chai W, Garrelds IM, De Vries R, et al. Cardioprotective effects of
eplerenone in the rat heart: interaction with locally synthesized or
blood-derived aldosterone? Hypertension 2006;47:665-70.

Chai W, Garrelds IM, Arulmani U, et al. Genomic and nongenomic
effects of aldosterone in the rat heart: why is spironolactone
cardioprotective? Br J Pharmacol 2005;145:664-71.

Mihailidou AS, Le TYL, Mardini M, et al. Glucocorticoids activate
cardiac mineralocorticoid receptors during experimental myocardial
infarction. Hypertension 2009;54:1306-12.

Milliez P, Deangelis N, Rucker-Martin C, et al. Spironolactone
reduces fibrosis of dilated atria during heart failure in rats with
myocardial infarction. Eur Heart J 2005;26:2193-9.

. Milliez P, Gomes S, Champ-Rigot L, et al. Effects of spironolactone

alone and in addition to a beta-blocker on myocardial histological

32.

33.

34.

35.

36.

American Heart Journal
August 2019

and electrical remodeling in chronic severe failing rat hearts. J
Cardiovasc Pharmacol 2012;60:315-21.

Yamaiji M, Tsutamoto T, Kawahara C, et al. Effect of eplerenone
versus spironolactone on cortisol and hemoglobin Alc levels in
patients with chronic heart failure. Am Heart J 2010;160:915-21.
Swaminathan K, Davies J, George J, et al. Spironolactone for poorly
controlled hypertension in type 2 diabetes: conflicting effects on blood
pressure, endothelial function, glycaemic control and hormonal
profiles. Diabetologia 2008 May;51(5):762-8.

Beygui F, Cayla G, Roule V, et al. Early aldosterone blockade in acute
myocardial infarction: the ALBATROSS randomized clinical trial. J
Am Coll Cardiol 2016;67:1917-27.

Pitt B, Remme W, Zannad F, et al. Eplerenone, a selective aldosterone
blocker, in patients with left ventricular dysfunction after myocardial
infarction. N Engl J Med 2003;348:1309-21.

Sezai A, lida M, Yoshitake |, et al. Carperitide and atrial fibrillation
after coronary bypass grafting: the Nihon University working group
study of low-dose HANP infusion therapy during cardiac surgery trial
for postoperative atrial fibrillation. Circ Arrhythm Electrophysiol
2015,8:546-53.


http://refhub.elsevier.com/S0002-8703(19)30121-8/rf0125
http://refhub.elsevier.com/S0002-8703(19)30121-8/rf0125
http://refhub.elsevier.com/S0002-8703(19)30121-8/rf0125
http://refhub.elsevier.com/S0002-8703(19)30121-8/rf0130
http://refhub.elsevier.com/S0002-8703(19)30121-8/rf0130
http://refhub.elsevier.com/S0002-8703(19)30121-8/rf0130
http://refhub.elsevier.com/S0002-8703(19)30121-8/rf0135
http://refhub.elsevier.com/S0002-8703(19)30121-8/rf0135
http://refhub.elsevier.com/S0002-8703(19)30121-8/rf0135
http://refhub.elsevier.com/S0002-8703(19)30121-8/rf0140
http://refhub.elsevier.com/S0002-8703(19)30121-8/rf0140
http://refhub.elsevier.com/S0002-8703(19)30121-8/rf0140
http://refhub.elsevier.com/S0002-8703(19)30121-8/rf0145
http://refhub.elsevier.com/S0002-8703(19)30121-8/rf0145
http://refhub.elsevier.com/S0002-8703(19)30121-8/rf0145
http://refhub.elsevier.com/S0002-8703(19)30121-8/rf0150
http://refhub.elsevier.com/S0002-8703(19)30121-8/rf0150
http://refhub.elsevier.com/S0002-8703(19)30121-8/rf0150
http://refhub.elsevier.com/S0002-8703(19)30121-8/rf0155
http://refhub.elsevier.com/S0002-8703(19)30121-8/rf0155
http://refhub.elsevier.com/S0002-8703(19)30121-8/rf0155
http://refhub.elsevier.com/S0002-8703(19)30121-8/rf0155
http://refhub.elsevier.com/S0002-8703(19)30121-8/rf0160
http://refhub.elsevier.com/S0002-8703(19)30121-8/rf0160
http://refhub.elsevier.com/S0002-8703(19)30121-8/rf0160
http://refhub.elsevier.com/S0002-8703(19)30121-8/rf0165
http://refhub.elsevier.com/S0002-8703(19)30121-8/rf0165
http://refhub.elsevier.com/S0002-8703(19)30121-8/rf0165
http://refhub.elsevier.com/S0002-8703(19)30121-8/rf0165
http://refhub.elsevier.com/S0002-8703(19)30121-8/rf0170
http://refhub.elsevier.com/S0002-8703(19)30121-8/rf0170
http://refhub.elsevier.com/S0002-8703(19)30121-8/rf0170
http://refhub.elsevier.com/S0002-8703(19)30121-8/rf0175
http://refhub.elsevier.com/S0002-8703(19)30121-8/rf0175
http://refhub.elsevier.com/S0002-8703(19)30121-8/rf0175
http://refhub.elsevier.com/S0002-8703(19)30121-8/rf0180
http://refhub.elsevier.com/S0002-8703(19)30121-8/rf0180
http://refhub.elsevier.com/S0002-8703(19)30121-8/rf0180
http://refhub.elsevier.com/S0002-8703(19)30121-8/rf0180
http://refhub.elsevier.com/S0002-8703(19)30121-8/rf0180

	Spironolactone and perioperative atrial fibrillation occurrence in cardiac surgery patients: Rationale and design of the AL...
	Rationale
	Impact of POAF on cardiovascular morbimortality
	Current knowledge about the mechanism of POAF and pharmacological preventive strategies
	Preliminary results regarding the impact of preoperative aldosterone levels on the occurrence of post-operative AF
	Rationale for the use of preoperative oral spironolactone to reduce postoperative atrial fibrillation
	Funding

	Study design and objectives
	Study population
	Randomization and treatment protocol
	End points
	Safety evaluation
	Statistical design and analysis
	Study organization

	Summary and significance
	Current status
	Participation of a research network

	Author contributions
	Acknowledgements
	References


