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The ADVOR trial — pure Belgian trial

The NEW ENGLAND JOURNAL of MEDICINE

‘ ORIGINAL ARTICLE ‘

Acetazolamide in Acute Decompensated
Heart Failure with Volume Overload

W. Mullens, J. Dauw, P. Martens, F.H. Verbrugge, P. Nijst, E. Meekers,
K. Tartaglia, F. Chenot, S. Moubayed, R. Dierckx, P. Blouard, P. Troisfontaines,
D. Derthoo, W. Smolders, L. Bruckers, W. Droogne, .M. Ter Maaten,
K. Damman, J. Lassus, A. Mebazaa, G. Filippatos, F. Ruschitzka, and M. Dupont,
for the ADVOR Study Group*

Advor tested the effect of acetazolamide on top of loop diuretics in patients with acute heart failure
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Introduction ADVOR study

Non-commercial developed within BWGHF - HFA

Multi-center

Study sponsor = Ziekenhuis Oost Limburg (ZOL) AV

Funder = Federaal Kenniscentrum voor de Gezondheidszorg (KCE)

4 A 4 N
¢ ADVOR study team e KCE
e Chief Investigator e EDGE
N J
N
* Concordia * CTCM Alea
¢ 29 local hospitals * Baccinex * CASTOR EDC
* Pharmavize * UBilim
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® Belgium
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Budget/funding of the ADVOR trial

= IMP
During the start-up phase:

* Funding (2.6 M euro) m Participating Hospitals

KCE
2 JRIALS

9
Centre Fédéral d’Expertise des Soins de Santé
Belgian Health Care Knowledge Centre

m Clinical Operations (incl.
study applications)

https://kce.fgov.be/en/kce-trials

Study was only possible thanks to the funding as acetazolamide is a drug that has been
commercially available since 1952 % Ziekenhuis ‘

Qost-Limburg



https://kce.fgov.be/en/kce-trials

Treatment success (decongestion achieved) on the morning of day 4 without the

need for escalating diuretic strategy (doubling loop diuretic dose, addition of
chlorthalidone, or ultrafiltration)

1) Combined end-point of all-cause mortality and heart failure readmission
during 3 months of follow-up

2) Length of index hospital admission

3) Longitudinal changes in EuroQol five dimensions questionnaire (baseline, day
4, any HF readmission, and 3 months)

= Ziekenhuis
e Oost-Limburg



Table of trial procedures

Screening
phase Treatment phase Follow up phase
Morning of | Morning of | Morning of R 3 Months

Study | Study Day [ Study Day [ Study Day [ Discharge admi‘:;ion after study

Day 1 2 3 4 start dose
Informed consent X
In- and exclusion X
criteria
Randomization X
Demographics? X
Medical history X
Vitals? X X X X X
Weight'? X X X X X X
EQ5D X X X1 X
Volume assessment X X X X X X
Study treatment X3 X4 X4
Urinary collection® X X
Local lab X6 X’ X7 X7 X7
Laboratory sub- X X4 X
study®3 blood
Laboratory sub-study?!3 X X
Urine
Plasma BNP or NT- X X X
proBNP®
Urine pregnancy X
testing®
Dose of X X X X
neurohumoral
blockers
Dose of diuretics X X X
Concomitant X X X X X
medication
Adverse Events'® X X X X X X X X

%
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Lifecycle of ADVOR

N Small pilot trial
2016
AUG2022 - ESC @Esc Eropen purl o s e 019 RESEARCH ARTICLE

16MAY2022

ququququququququququ

Acetazolamide to increase natriuresis in
congestive heart failure at high risk for
diuretic resistance

TRIAL
PREPARATION

Frederik H. Verbrugge!®, Pieter Martens!, Koen Ameloot!, Veerle Haemels?,

TRIAL
CONDUCT

11NOV2018
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Trial results

30.5%

Placebo

Acetazolamide

p<0.001
RR=1.46 (1.17-1.82)

NNT = 8.5

42.2%

40 50

Percentage

— Ziekenhuis
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Publication

New England Journal of medicine: 1

Circulation: 1

European Heart Journal: 3

Journal of the American College of Cardiology: 1
European Journal of Heart Failure: 3

Ziekenhuis
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RESEARCH - INNOVATION
TRANSFORMING EUROPEAN HEALTHCARE

ADVORTtising clinical research to change clinical
practice: from Belgium to Slovenia and Europe

Professor Mitja Lainscak, FESC, FHFA

Faculty of Medicine, University of Ljubljana & General Hospital Murska Sobota

Ziekenhuis
Oost-Limburg



The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE

Acetazolamide in Acute Decompensated
Heart Failure with Volume Overload

W. Mullens, J. Dauw, P. Martens, F.H. Verbrugge, P. Nijst, E. Meekers,
K. Tartaglia, F. Chenot, S. Moubayed, R. Dierckx, P. Blouard, P. Troisfontaines,
D. Derthoo, W. Smolders, L. Bruckers, W. Droogne, .M. Ter Maaten,

K. Damman, J. Lassus, A. Mebazaa, G. Filippatos, F. Ruschitzka, and M. Dupont,

for the ADVOR Study Group*

The NEW ENGLAND JOURNAL of MEDICINE

EDITORIAL

New Decongestion Strategies in an Evolving
Heart Failure Landscape

G. Michael Felker, M.D.

@ ESC European Heart Journal (2023) 00, 1-13 ESC GUIDELINES

FUropean Society. heelidoi.rg 101093 eurhaar/ohad 195
of Cardiology

2023 Focused Update of the 2021 ESC
Guidelines for the diagnosis and treatment
of acute and chronic heart failure

Developed by the task force for the diagnosis and treatment of acute
and chronic heart failure of the European Society of Cardiology (ESC)

With the special contribution of the Heart Failure Association (HFA)
of the ES5C

Authors/Task Force Members: Theresa A. McDonagh @ *%, (Chairperson) (United
Kingdom), Marco Metra @ *1, (Chairperson) (Italy), Marianna Adamo @ ¥, (Task Force
Co-ordinator) (Italy), Roy 5. Gardner @ , (Task Force Co-ordinator) (United Kingdom),
Andreas Baumbach @ (United Kingdom), Michael B6hm & (Germany), Haran Burri ©
(Switzerland), Javed Butler © (United States of America), Jelena Celutkiené @
(Lithuania), Ovidiu Chioncel @ (Romania), John G.F. Cleland @ (United Kingdom),
Maria Generosa Crespo-Leiro @ (Spain), Dimitrios Farmakis @ (Greece),

Martine Gilard © (France), Stephane Heymans ©® (Netherlands), Arno W. Hoes ©
(Netherlands), Tiny Jaarsma @ (Sweden), Ewa A. ] ka @ (Poland),

Mitja Lainscak @ (Slovenia), Carolyn S.P. Lam @ (Singapore), Alexander R. Lyon ©
(United Kingdom), John ].V. McMurray @ (United Kingdom), Alexandre Mebazaa ®
(France), Richard Mindham © (United Kingdom), Claudio Muneretto @ (ltaly),
Massimo Francesco Piepoli @ (ltaly), Susanna Price ® (United Kingdom),

Giuseppe M. C. Rosano (United King Frank R © (Switzerland),

Anne Kathrine Skibelund (Denmark), and ESC Scientific Document Group

4, Acute heart failure

Treatment of acute HF was outlined in the recent 2021 ESC HF
Guidelines and a Heart Failure Association scientific statement on
HF."* Since these publications, trials have been conducted with diure-
tics, as well as on management strategies for patients with acute HF.
The results are summarized here.

4.1. Medical therapy
4.1.1. Diuretics

ADVOR was a multicentre, randomized, parallel-group, double-blind,
placebo-controlled trial that enrolled 519 patients with acute decom-
pensated HF, clinical signs of volume overload (i.e. oedema, pleural
effusion, or ascites), and an NT-proBMP level of >1000 pg/mL or a
B-type natriuretic peptide level of >250 pg/mL. They were randomized
to receive intravenous (iv.) acetazolamide (500 mg once daily) or pla-
cebo added to standardized iwv. loop diuretic treatment.” The primary
endpoint of successful decongestion, defined as the absence of signs
of volume overload, within 3 days after randomization and without
an indication for escalation of decongestive therapy, was achieved in
108 of 256 patients (42.2%) in the acetazolamide group and in 79 of
259 patients (30.5%) in the placebo group (risk ratic [RR] 1.46, 95%
C11.17-1.8%; P <.001). Rehospitalization for HF or all-cause death oc-
curred in 76 patients (29.7%) in the acetazolamide group and in 72 pa-
tients (27.8%) in the placebo group (HR 1.07, 95% CI 0.78-1.48).
Length of hospital stay was 1 day shorter with acetazolamide compared
with placebo (8.8 [95% CI 8.0—-9.5] vs. 2.9 [95% CI 9.1-10.8] days). No
difference between the acetazolamide and placebo groups was found
for other outcomes and adverse events.” Although these results may
support the addition of acetazolamide to a standard diuretic regimen

to aid decongestion, further data on outcomes and safety are needed.

= Ziekenhuis
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= Inorexing the inspired cogygen concentration may provide refied
of dyspnosa.

= Diunstic mammgemeant @n be wed to nelew sevene congestion

= Reduce HF drugs that reduce biood presure to maintain sufi-
cient oxypenation and reduce the rsk of Gls.

ity thee therapiesshould be defivered in the patient’s home. In the

majority of @ses the whae Smily should recsive socal support ™™
A mamgement plan should be developed through disoussion with

the patient and fmily. i should include

& A disouesion aboart stopping medication that does not fave an im.
medizte effecton spmpiom management or helth-relted quabty
of Be, such as agents to kower dholesterod or treat osteoponss

= Documentation of the patent’s decsion regarding resuscitation
atemps

= Demctivation of an KD at endeof-Sie (according to local kegal
reguittiors)

* Prefered phce for care and death

= Emotionl support to the mitsent and Gmily/caregrer with ap-
propriate refemal for pspchological or spiritua support

Clearly, symptams and qualty of e dange owsr time and regular

r ot i e ded Pallative sconss prowide an objpd-

e Esessment of the patients symptoms and needs and may help

estahizh the effectiveness of thempy
Paliative cutcome soores indude the Pallatve Care Cutcome

Scake*™ Kamofky Performance Stats™ and Functioml Assess-

rment of Chronic Bness Theragy — Paliative Care (FACIT-Pal). ="

15. Gaps in evidence

make reament decsions withoutadequate esidence ora consenswus
of expert opnion. The following i a short st of seleced, common
s that deserve to be addresed in future dinical ressanch

1. Definition, diagnosis, epidemidogy

= [For HimrEF T HpFF, rsearch inio the underying daracteris-
tics, pathophysiology and disgnasis (weth new modalities)

= Updated spdemiclogy on HF inddence and prevalenceinclud-
ing patents from al continents

= [For mging and biomarkers, shudies on effects of spadific m
agng madaltes and Biomarkers to improve dinical cuttome
(=g biomarkerguided therapies, detection of CADVmyccardial
ischaemia, hte-gadolinium enhancement CMIR, echordio-
graphic strain measunements, sies schoamdiogaphy, =)

= Increxingawanmnes of HFin the medial community, 2y pub-
ic and amang paicy makers.

1. Strategies aimed & prevention and soreening of HF
= Evaluze the commrative cinical effectivene= and cost-
effecirenes of different strabegies to soreen for HE
3. Fharmacologcal therapy

= [dentifiation of non-responders to ament guideline-advizsed
mdical treztment

Targeted therapies for s pecific asticlogies of HFFEF (g myo-
cardite, perpartum andomyomtiy)

Therapies directly improving cardiomyocyte function (e.g
acto-myosn aross-bridge actrvaton, sroolendoplsmic e
ticutum 2’ H-ATPxe actvation, ran adine reepor sabiiza
tion, mergetic modulation) or fargeting none-myocytsc
oompartment (eg. amtifibros s fmarix remodeling)
Therapies far HFmrBFHFpEF (ARNI, bet-blodeers, soluble
guaryl opchase inhibitors, v iron)

4. Devipes and ime reamtions

Indications for 1CDs in specfic subgroups (e.g. ARVC and
HFmrEFHpEF) and optimal selecton of D andidates
QRS marpholbgy or duration as a predicor of repanse o CRT
CRT in mtients with AF

Efficacy of PV ablation as a riythmecontrol strategyin atiems
with AF

Imerventiom! approach to recurrent, e-threatening wen-
triculr achyarriythmis

The roke of remote monitaring strategies in HF

Monsurgal (peoutaneous) correction of functioml mitral
and tricuspid regurgiations

ldentification of ndi@tons for coromry angograph ¥nevasou-
larization in patients with HF and dhronic stable CAD

Effiects of nowel LVADs = destination therapy and bridge to
trarsplantaton

5. Commorbidities

A better understanding of pathophysiology and poterntial
tregrments in specfic HF populstions, induding the

o very edderty,

* young patents,

= =GR <30 milfmin,

= diabetc mtems,

= cardiotosdc chemotherapy-ndumed HF,

» musculbr dystrophies,

= cachoda and depremsion.

Therapies for HF-relted sieep-disord ered breathing in HFFEFS
HFpEFHFmrEF.

& Acute heart falure

Frospedive eabotion of the “tmetotnesment” concept in AHF
Eabation of whether madequate phenotyping is responsibic
fior the Gilure of treatments 1 ImMprove outoome in AHF
Better definition and trestment of diuretic resstance
Role of nitrates in the mamgement of AHF

Trestmen s improvsing mortalty and morhidity

Strategies and therapiesto prewent early rehospriaization after
diecharge for 2 hospital admizsion for AHF.

7. Otherfremaning aspeds

Trestmentalgarims for mtents with HF excuded by preotal
clinical triak

Faliatwve and endeofelife care management and assessment of
ourbooeme

Optmal imegraton of multidis cplnary are, sefmmgenent
of mtients and faradherence.

ESC HF guidelines
2016 to 2021

16 Gaps in evidence

Major advances in the diagnoss and wrestment of patents with HF
e conurmed ower reent pears. Strong edden o for new mtment
opions have been gven by recent RCTs and HF maragement may
underge majar danges in fie next years . New discoseries, howeser,
pose now dallenges and many anmss with lack of evdence sl
reain. The folowing is a shart list of seleced, commeon e that
deserve tobe addressed in future dinical reseanch

(1] Definiton and epidemiology
L Furfer resardh into e undalying chamcenste, pato-
preysinbogy, and diagross of HFmSF and HFpEF
L Corsersus about rormal walues anges of BF
i Bater pherotyping of HFpEF
e More nfomation on e noderce and preslenoe of
“reonvered Ly spsiolc funation
(X  Diagnosis
L Definiive stedies on the robe of blomaroors, foousing on ther
addiive walue I the dagnoss of HF
L More mndomized studes on sceeening for HF 0 asympio-
e subjeots that may trarskbe inio improsed outoomes
il Swdies onbiomariers showing S mpac onourome of fer
messarement for the idertfaton of subjects at risk of devel-
aping HF a5 wel & to gade treviment inpatantswit HF
ke Valldated diagnostc protocols for the dagross of HimrisF
and HFpEF
& Pharmacothempy of CHF
L Pragmasc stdes on e order of adding disesse-modifing
drugsfor HFrEF
L Specic themples for HFmnEF and HIE F ard, likely, thar di
fierent phenatypes
. More data and prospactve clinkal tralks of HIFFEF theraples in
pasers with eGP <3 0mbliminA_73 m*
ke Furber esbdenoe from prospective ACTs for S treummant of
specific HF phenotypes mypocardits, cardiotasdaty, nheried
CMPs, PP, amyloidosis
w Marggement sraeges and Swermpies for ‘recvened LV gys-
tolle furnction
W Mare evidence on the effects of fud resination, dietry =it
restricion, ardn uridon
) Devices and inberventions
L Indiators for KDs in specific subgrowps of HimrERHIFpEF
ard optimal selection of BCD andidates in HFEF, incuding
patens with lschuemic and non-schaemic ardiomyopathy
L Maoreresearchon (AT efiacy in AF
. Furtwer progpectve randomized studies showing S Impact
an aucomes of AF dblation sirstegies compared 1o OMT In
HF paterts
ke Furber research on the poroutanecs treimant of valve
Feart disease and s Impact on pathents” ouicomes and CR0L
w Larger Al Tson0M ard barorecepior stmuasion in HFFEF
&) Desease management
L The robe of remobe manitorirg sirateges in bF in #e past
COVIDAY e
L Studies on optimal madek for followaupofstable HF patierts

i Sasdies to determine spedfc opfors for palliatve are

15

1

Advanoed HF

L Batier definton ofrisk profies acconding io INTERMACS and
otwr clsfoaons

L RCTs toestablch e efionts on owcomes of bngasm MOS

In hospitained patents as wadl & In ambulinry oupatmis
(fior retance INTERMALS 4 =& profleg

. Advanoesin ongasm MCS, ncudng strabeges to neduce fe

s of bleed ing, fwomboembolc events, and infection

. Aghvandoes inmadical trestment for e many patents wi G-

ot undergn: MCS or hmnt trarsplartation indudng desdop-
ment of treatment SRiEges, novel intropes or myotnopes
for paterts withadwanoed HF

AHF

L Bater ddintion ard cheficson of patent pherotypes to
fariliae improved trement

L Eddencebased use ofimagng s riques and biomarkosrs thar

e an impact on patients dinical course

. Dwsebopment of better saieges for congestion relief, incied-

Ing mon karing of diuretc ad minkstaton, adéor o improse
argan perfusion

w. bderafication of raments with an impad on post-dischange

OIS

w. Mew desoes for short-tam MCS
Wl Defritionof eidecebased tressman toptions and therapeu

tic algorithm s for patent with cardiogenic shodc

CF comorbidites

L FCTs sheowsting bt sirateges for the mreatment of ventricular
arhyhmias

L R Ts toestablich e robe of coronary ressoularzatinn pro=

ondures in difisnent pa fent subsets

L RCTs i esablsh the mpadt on patiens” ouonmes andfor

QOL of perostaneous tneiment of misral or tricusped valee
disra se in patens with HF

Mon=C commorbid tes

L ATz addredng cacheda andior sroopenia andiar fralty
ard showing the mpact of feasment on QOL andior
LRI

L RCTs of medical thempies or dedioes in patents with sewsne

CED ardHF

L R Ts showing e efecs on outoomes of medcal tresment

afiebeoiro byte b nommalites

w. ACTs showing the efeck on oubcomes of treatment of

CEA

v. Propeotee sodes shosing the impact on outoomes and/or

Q0L of eary dognods, bater presention and teaiment of
cardiotnodrity of cancer thesmpie

Wl Hater trmiment of nisclions and peevertion of candiac injuey

with irfection

Special conditions

L RCTs of sreawment for PPOM

L Bater pherotping of CMP% through genetic testing, bio-

markers and iImagng modalithes, and Gllaring oftheapy

L RCTs of reatment of diflerent types of mypoarditis, induding

Immunoapp rssve Serapes

w. RCTs of new tresments of difierent forms ofcardiac armdoid
v. Hatier definifon andiresiment of LA myopatiye



@ ESC European Journal of Heart Failure (2022) 24, 132-142 RESEARCH ARTICLE

European Society  del:10.1002/ejhf.2371
of Cardiology

European Society of Cardiology quality
indicators for the care and outcomes of adults
with heart failure. Developed by the Working
Group for Heart Failure Quality Indicators in
collaboration with the Heart Failure
Association of the European Society

of Cardiology

Suleman Aktaa’23*, Marija Polovina‘, Giuseppe Rosano’, Amr Abdin$,
Manuel Anguita’, Mitja Lainscak®?, Lars H. Lund'%, Theresa McDonagh'"12,
Marco Metra'3, Richard Mindham4, Massimo Piepoli'®, Stefan Stork’¢,
Mariya P. Tokmakova'?, Petar Seferovic4, Chris P. Galel.23f,

and Andrew }.S. Coats'8f

5 Domains HRQoL 2021 ESC HFA Quality
sssment Indicators for Heart Failure
nﬂn HF MDT
VK, =D
Self care
CAT
A Lnaa.
T,
8515 Type
2TV
4 —_—
ECG
= ESC methodology o
for the
development of
smr) quality indicators i
Initial
Ax
Blood
- resits
A8, o
ARNI
L pblockers
IR
. AWk FU
12 main Qls sherwr 4 secondary Qls

Figure 1 ESC HFA guality indicators for the management of patients with heart fallure. Blood results include: urez, creatinine, electrofytes,
full blood count, gucose, ghycated hasmoglobin, thyrold-somulzting hormone, Iwer function test, ipids and Iron profile. Bew-blockers are
bizoprolol, carvedilol, sustained-releace metoprolol succinate, or neblvoliol. Ax, ascessment; ACH, anglotensin-converting enzyme Inhibitor;
ARB, angiotensin receptor blocker; ARML anglotensin receptor—neprilysin Inhibitor; CR. cardiac rehabllitation; CRT, cardiac
therapy; ECG, electrocardiogram; EF, ejection fraction; ESC, European Sodety of Cardiology; FU, follow-up; HF, heart fatlure; HRA, Heart Fallure
Asgodation; HFH, hospitalization for heart fallure; HFFEF, heart fallure with reduced ejection fraction; HR.Qol, health-related quality of Iife;
ICCy implantzble cardioverter defibrillztor; IHD, lscheemic heart dizease; LBBB, left bundle branch blods MDT, multdizdplinary team; MRA,
mineralocorticold receptor antagonist; NP, natriuretc peptide; O, quality Indicator; R, trestment; SGLT2, sodium—glucode co-transporter 2
Inhibitor; SR, sinus riythm.

Table 2 Composite quality indicators

Composite main: Opportunity-based
Calculated on & individual Qls in patients with LYEF =40%:

1. Proportion of patients with HF who have a documentation of their HF dlinical type (HFrEF, HFmrEFR, HFpEF).

2. Proportion of patients with HF who have a documentation of their ECG findings.

3. Proportion of patients with HF who have their NPs measured (within a 3-month peried from the tme of HF diagnosis).

4. Proportion of patients with HF who have their blood tests checked.

5. Proportion of patients hospitalized with HF who have been referred for a cardiac rehabilitation programme.

6. Proportion of patients hospitalized with HF who have a follow-up review by a healthcare professional within 4 weeks of their hospital

discharge.
Caleulated on 12 individual QIs in patients with LYEF <40%:

1. Proportion of patients with HF who have a documentation of their HF clinical type (HFrEF, HFmrEFR, HFpEF).
2. Proportion of patients with HF who have a documentation of their ECG findings.
3. Proportion of patients with HF who have their MPs measured (within a 3-month period from the time of HF diagnosis).
4. Proportion of patients with HF who have their blood tests chacked.
5. Proportion of patients hospitalized with HF who have been referred for a cardiac rehabilitation programme.
6. Proportion of patients hospitalized with HF who have a follow-up review by a healthcare professional within 4 weeks of their hospital
discharge.
7. Proportion of patients with HFrEF who are prescribed the beta-blocker bisoprolol, carvedilol, sustained-release metoprolol succinate, or
nebivolol in the absence of any contraindications.
8. Proportion of patients with HFrEF who are prescribed an ACE inhibitor, ARB or ARMI in the absence of any contraindications.
9. Proportion of patients with HFrEF who are prescribed an MRA in the absence of any contraindications.
10. Proportion of patients with HFrEF who are prescribed a SGLT2 inhibitor in the absence of any contraindications.
11. Proportion of symptomatic patients with HFrEF in sinus rhythm with a QRS duration =150 ms and LEEB QRS merphology and with
LVEF <35% despite OMT who are offered CRT.
12. Proportion of symptomatic patients with HF, LVEF £35% despite =3 months of OMT, and IHD who are offered primary prevention ICD.
Numerator: Number of times each of the above individual Qls were accomplished correctly®
Denominator: Mumber of chances existed to deliver individual Qls based on the inclusion criteria of each QI (Table T).

Composite secondary: All-or-none

1. Proportion of patients with HFrEF who are prescribed the beta-blocker bisoprolol, carvedilol, sustained-release metoprolol succinate, or
nebivolol in the absence of any contraindications.
1. Proportion of patients with HFrEF who are prescribed an ACE inhibitor, ARBE or ARMI in the absence of any contraindications.
3. Proportion of patients with HFrEF who are prescribed an MRA in the absence of any contraindications.
4. Proportion of patients with HFrEF who are prescribed a SGLT2 inhibitor in the absence of any contraindications.
Numerator: Number of patients who are eligible for and have accomplished all the above individual Qls.

Denominator: Mumber of patients who are eligible for all the above individual Qls based on the inclusion criteria of each QI (Table 7).
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