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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, J.M. Ter Maaten,

K. Damman, J. Lassus, A. Mebazaa, G. Filippatos, F. Ruschitzka, and M. Dupont,
for the ADVOR Study Group*

Mullens W et al. N Engl J Med 2022 Sep 29,;387(13):1185-1195
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Rezidualni kongesce — vyznamny determinant prognozy

Recently Hospitalized: 60% risk at 1 year

1-year death, urgent heart Tx or HFH
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Doporuceni pro inicidlni l1éébu akutniho srdeéniho selhani

Trida
doporuceni

Uroveri

Diuretika

Intravendzni klickova diuretika jsou
doporuéena pro zlepieni symptomi

u viech pacientd s AHF pfijatych se
znamkami a symptomy tekutinového
pfetiZeni.

Kombinace klickovych diuretik

s thiazidovymi by méla byt zvazena

u pacient( s rezistentnimi otoky, ktefi
neodpovidaji na zvyieni davky klickowych
diuretik.

Doporuceni pro vedeni lé¢by pacientti po hospitalizaci
pro srdecni selhani

Pfed propusténim pacientt hospitalizovanych pro
srde¢ni selhani je doporucéeno peclivé zhodnoceni
k vylouceni pretrvavajicich znamek kongesce

a optimalizace peroraini lécby.

Metra M et al. Circ Heart Fail 2012 Jan;5(1):54-62
Madlek F et al. Cor Vasa 2022;64:121-162
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Mullens W et al. Eur ] Heart Fail 2019 Feb;21(2):137-155
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ADVOR - trial design

* Prospective, multicenter (nationwide — Belgium)

« Randomization, double-blind, placebo-controlled, parallel

 Academic trial without industry involvement
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ADVOR - populace

Main inclusion criteria
* Admitted with ADHF
* Atleast 1 sign of volume overload (oedema, pleural effusion™®, ascites®)
To be confirmed with radiography or ultrasonography of the chest* or ultrasonography of the abdomen®
* Atleast 1 month maintenance dose of oral loop diuretics (= 40 mg furosemide)
* NT-proBNP > 1000 pg/ml or BNP > 250 pg/ml

Main exclusion criteria
* Acetazolamide maintenance therapy
* Treatment with SGLT2i

* Systolic blood pressure < 90 mmHg
* eGFR <20 ml/min

Mullens W . ADVOR Trial ESC 2022 Presentation
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Methods — congestion score

Trace oedema : : ) :
No oedema (pitting disappear |Clear pitting oedema Visual deformation | Visual deformation
OEDEMA p. g X PP P 8 above ankle above knee
(score 0) immediately) (score 2)
(score 3) (score 4)
(scorel)
PLEURAL EFFUSION Minor Major

(to be confirmed by chest X4 No pleural effusion (non-amendable for punction) (amendable for punction)

ray or ultrasound on (score 0) pleural effusion pleural effusion
admission if suspected) (score 2) (score 3)
ASCITES ' :
(to be confirmed by NO ascites Wiinar asaites; Significant ascites
e only detected by echography
ultrasound on admission if (score 0) 5 (score 3)
suspected) (score 2)
Succesfull

: Continue IV diurectic thera
decongestion Py

Mullens W et al. Eur J Heart Fail 2018 Nov;20(11):1591-1600.
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Protokol — pouziti diuretik

Screening phase Treatment phase

Follow up phase

- ot B < >
Day 1 Day 2 Day 3 Day 4
195X 1 x HOME
HOME dose + dose
placebo
6h

K

1 x HOME 1157

dose + HOME

acetazolamide dose

Uri tput = A
rinary outpu A

R: randomization
Group 1: therapy with high-dose loop diuretics with placebo
Group 2: therapy with high-dose loop diuretics with azetazolamide

Y morning investigators Volume Assessment (oedema, pleural effusion or ascites) (figure 3)

Study start dose:
N - 500 mg IV bolus of acetazolamide or placebo
- IV loop diuretics (= 2 x orally daily home dose )

Morning study treatment (8:00 — 12:00 am):
- 500 mg IV bolus of acetazolamide or placebo
- IV loop diuretics (= 1x orally daily home dose)

7%,
Afternoon study treatment (6 hours after morning study treatment):
- IV loop diuretics (= 1 x orally daily home dose)

Bolus of loop diuretics is limited to 5 mg bumetanide = 100 mg furosemide

FU visit
(3 months after
study start dose)

Discharge

ESCALATION THERAPY mandatory if patient is still volume
overloaded AND urinary output < 3.5| (see section 8) :

* Doubling IV loop diuretics dose

* Add oral chlorthalidone 50 mg daily

» Ultrafiltration or renal replacement therapy

Mullens W et al. Eur J Heart Fail 2018 Nov,;20(11):1591-1600.
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Methods — end points

Primary end point:

Successful decongestion defined as congestion score <1 within 3 days after randomization

without an indication for escalation of decongestive therapy

Secondary end points:
* Duration of the index hospital admission

* Death from any cause and rehospitalization for heart failure during 3 months follow-up

Safety end points: severe metabolic acidosis, renal events, hypokalemia, and hypotension

Mullens W . ADVOR Trial ESC 2022 Presentation
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Baseline charakcteristics (1/2)

Characteristic
Age —yr
Male sex — no. (%5)
White race — no. (%6) T
Heart rate — beats/min
Blood pressure — mm Hg
Systolic
Diastolic
Weight — kg
Median congestion score at baseline (IQR)
Components of congestion score — no. (%6)
Edemal
Pleural effusion
Ascites
Median home maintenance dose of furosemide
equivalent (IQR) — mg
Left ventricular ejection fraction
Mean — %%
=40% — no. (76)
Median NT-proBNP (IQR) — pg/ml
NYHA functional class — no. (%)
1
1l
v

Ischemic cause — no. (36)

Placebo
(N=260)
78.5+£8.8

155 (59.6)
256 (98.5)
77+138

127+22

73x13
84.4+19.7
4 (3-6)

241 (92.7)
143 (55.0)
25 (9.6)
60 (40-100)

43415
111 (42.7)

6483 (3262-11,839)

35 (13.5)
148 (56.9)

77 (29.6)
113 (43.5)

Acetazolamide
(N=259)
77.919.0

170 (65.6)
258 (99.6)
79+19

126420
72+13
85.3£23.0

4 (3-3)

237 (91.5)
130 (50.2)
21 (8.1)
80 (40-120)

43+15
113 (43.6)

5600 (3034-10,100)

31 (12.0)
148 (57.1)

80 (30.9)
119 (45.9)

Total
(N=519)

78.2+8.9
325 (62.6)

514 (99.0)
78+18

127+21
72+13

84.85+£21.4
4 (3-6)

478 (92.1)

273 (52.6)
46 (8.9)
60 (40-100)

43415
224 (43.2)

6173 (3068-10,896)

66 (12.7)

296 (57.0)

157 (30.3)

232 (44.7)
Mullens W et al. N Engl J Med 2022 Sep 29;387(13):1185-1195
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Baseline charakcteristics (2/2)

Placebo Acetazolamide Total

Characteristic (N=260) (N=259) (N=519)
Serum hemoglobin — g/dl 11.9+2.0 11.9+2.0 11.9+2.0
Sodium — mmol/liter 140+4 13914 139+4
Median serum creatinine (IQR) — mg/dl 1.5 (1.2-1.9) 1.5 (1.2-2.0) 1.5 (1.2-1.9)
Estimated GFR

Median (IQR) — ml/min/1.73 m* 38 (29-51) 40 (30-52) 39 (29-52)

<60 ml/min/1.73 m* — no. (%) 215 (82.7) 209 (80.7) 424 (81.7)
Coexisting conditions — no. (%6)

History of atrial fibrillation 189 (72.7) 187 (72.2) 376 (72.4)

Diabetes 133 (51.2) 112 (43.2) 245 (47.2)

Hypertension 207 (79.6) 182 (70.3) 389 (75.0)
Treatment — no. (%5)

ACE inhibitor, ARB, or ARNI 140 (53.8) 130 (50.2) 270 (52.0)

Beta-blocker 212 (81.5) 207 (79.9) 419 (80.7)

Mineralocorticoid receptor antagonist 103 (39.6) 113 (43.6) 216 (41.6)

Loop diuretic 260 (100.0) 259 (100.0) 519 (100.0)

Implantable cardioverter—defibrillator 41 (15.8) 38 (14.7) 79 (15.2)

Cardiac-resynchronization therapy 25 (9.6) 36 (13.9) 61 (11.8)

Mullens W et al. N Engl J Med 2022 Sep 29;387(13):1185-1195
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&
Results: primary end point (successful decongestion within 3 days) ADYOR

RR = 1.46 (1.17-1.82)
p = 0.0009
NNT = 8.5

Placebo 30.5%

Acetazolamide 42.2%

| J

0 10 20 30 40 50
Percentage

Mullens W . ADVOR Trial ESC 2022 Presentation
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Subgroup Placebo  Acetazolamide Risk Ratio (95% Cl)

no. of patients/total no.

Overall 79/259 108/256 i 5 1.46 (1.17-1.82)
Age :

=79 yr 43/130 59/132 i . 1.36 (1.02-1.82)

>79 yr 36/129 49/124 : . 1.56 (1.11-2.21)
Left ventricular ejection fraction !

<40% 36/111 43/111 : . 1.24 (0.88-1.75)

>40% 43/148 65/145 | : 1.63 (1.22-2.19)
NT-proBNP :

<6173 pg/ml 51/122 68/132 : & 1.35 (1.06-1.74)

~6173 pg/ml 27/135 38/120 i o 1.61 (1.06-2.44)
Sex !

Female 37/104 36/88 T 1.21 (0.86-1.71)

Male 42/155 72/168 : . 1.67 (1.24-2.25)
Estimated GFR |

<39 ml/min/1.73 m? 33/135 53/125 i . 1.77 (1.25-2.50)

=39 ml/min/1.73 mZ 46/124 55/131 | 0 1.23 (0.92-1.65)
Cause of heart failure i

Ischemic 37/113 48/118 | C 1.35 (0.97-1.87)

Nonischemic 42/146 60/138 i & 1.57 (1.16-2.12)
Home maintenance loop diuretic dose |

=60 mg furosemide equivalent 42/136 67/127 i - 1.78 (1.33-2.36)

>60 mg furosemide equivalent 37/123 41/129 —. 1.08 (0.76-1.55)
Baseline congestion score i

<4 60/145 82/155 | o 1.38 (1.10-1.74)

>4 19/114 26/101 . . 1.62 (0.96-2.73)
Atrial fibrillation :

No 20/71 31/71 i . 1.76 (1.14-2.72)

Yes 59/188 77/185 | & 1.35 (1.04-1.75)

{]!5 ]I.EI 1|.5 Z!D I.IS S!U 3.|5 4.IEI
it -
Placebo Better Acetazolamide Better

Mullens W et al. N Engl J Med 2022 Sep 29;387(13):1185-1195
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Results: effect of acetazolamide on congestion score

ADYOR

Bl Placebo
. Bl Acetazolamide
= 4 =
O _1 Treatment effect
v
C
O
b
o
c 3
O
O
c
4"’
Q
=
) Acetazolamide vs placebo p=0.015
Treatment effect * day interaction p=0.005
Baseline day 1 day 2 day 3
Mullens W . ADVOR Trial ESC 2022 Presentation
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Results: successful decongestion at discharge

ADYOR

Placebo

Acetazolamide

1

RR 1.27 (1.13-1.43)

60

78.8%
/0 80
Percentage

Mullens W . ADVOR Trial ESC 2022 Presentation
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Results: effect of acetazolamide on diuresis and natriuresis

ADYOR

Absolute difference onday 2=0.5L = 5o Absolute difference on day 2= 98 mmol
3 459 (95%Cl,0.2to 0.8); p = 0.002 2504 (95% Cl, 56 to 140); p <0.001
2 0 £ 400
U 35 k%
=2 30 O 350
= 5 300
E 2.0 c 200
S 15 , 2150 |
g 1.0 — Acetazolamide © 100 — Acetazolamide
U 05 — Placebo > 50 — Placebo
0.0 . . S . |
Baseline Day 1 Day 2 U Baseline Day 1 Day 2
Mullens W . ADVOR Trial ESC 2022 Presentation
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Results: secondary end points

ADYOR

Placeb Acetazolamid Risk Ratio, Geometric
Outcomes aceho cetazofammde Mean or Hazard Ratio p-value
[95%CI]
Secondary endpoint
Length of stay (days) 9.9 (9.1-10.8) 8.8 (8.0-9.5) GM 0.89 (0.81 to 0.98) 0.016
A].l-cause mortality and hospitalization for heart 72 (27.8%) 76 (29.7%) HR 1.07 (0.78 to 1.48) s
failure at 3months
All-cause mortality at 3 months 31 (12.0%) 39 (15.2%) HR 1.28 (0.78 to 2.05) ns

Hospitalization for heart failure at 3 months 45 (17.4%) 47 (18.4%) HR 1.07 (0.71 to 1.59) ns
Sensitivity analysis of primary endpoint
Siieceiutdeson B oI R 86 (33.2%) 115 (44.9%) RR 1.42 (1.15 to 1.76) 0.001
irrespective of escalation

v Olomouci
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\ 5
Results: safety end points ADYOR

Outcome Placebo Acetazolamide p-value
Adverse events during treatment phase

Combined renal endpoint 2 (0.8%) 7(2.8%) 0.10
Doubling of serum creatinine compared to baseline 0 (0%) 2 (0.8%) 0.24
>50% sustained decrease 1n eGFR 1 (0.4%) 4 (1.6%) 0.21
Neeq foF reyal replacement therapy during index 1 (0.4%) 4 (1.6%) 021
hospitalization

Severe metabolic acidosis bicarbonate <12 mmol/L 0 (0%) 0 (0%)

Hypokalemia <3 mmol/L 10 (3.9%) 14 (5.5%) 0.39
Hypotension <85 mmHg 9 (3.5%) 17 (6.6%) 0.11
Adverse events during 3 months follow-up

SAE overall 124 (47.9%) 123 (48.1%) 1.00
AE related to study drug 3 (1.2%) 8 (3.1%) 0.14
AE cardiovascular 122 (47.1%) 113 (44.1%) 0.53

ESC CONGRESS 2022 (Acetazolamide has been used > 70 years)

Barcelona & Online * o
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Limitace

* Nejasny pocet pacientl s optimalizovanou/cilovou chronickou farmakoterapii HF pri
randomizaci

* Vylouceni pacienti s nove dg. srdecnim selhanim
* Nemoznost pouziti SGLT2i

 po vétSinu doby trvani studie nebylo pouziti SGLT2i u pacientt s HF schvaleno

* rozdilny efekt na absorpci Na v proximalnim tubulu

Na Na~ _
O "~ Na
HCOs H H >‘::

|
i :
' |
: |
: |
i
I
v . v . s : i Acetazolamide . !
* 5% zprostredkovano prostrednictvim SGLT2i | e CA’TV H\&c(;\lu, HCOs3 E
| V3 |
i |
: |
: |
: |
: |
! |

H20 + CO2
e K
SGLT2-inhibitors . ) ,Na:‘:

60 % zprostfedkovano atypickym Na/H iontoménicem inhibovanym
acetazolamidem

— > Na ~
Glucose
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Zaver — ADVOR trial

* Pridani acetazolamidu 500 mg i.v. ke standardni diuretické terapii u pacientt s ADHF

VVVVVV

klickovym diuretikim).

* Pacienti lécCeni acetazolamidem maji - vetsi diurézu a natriurézu, kratsi dobu
hospitalizace a vétsi Sanci na propustéeni z hospitalizace bez rezidualni kongesce
(NNT 6).

* Pouziti acetazolamidu nevede k vyssimu poctu nezadoucich prihod.

* Nedoslo k ovlivhéni mortality a poctu rehospitalizaci (moznost podhoceni vlivem
vlikosti souboru i celkove nizSiho vyskytu sledovanych prihod).

* Nejasny efekt pri soucasném pouziti SGLT2 inhibitoru.
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