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Concept of heart failure
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90% of all HF hospitalizations are due to volume overload
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Congestion as key finding in AHF
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Guideline recommendations - 2021 ESC Guidelines for the
diagnosis and treatment of acute and chronic heart failure
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Some historical facts ...

Robert Bentley Todd (London, 1809-60)
mentioned a technique of pricking the
leg at various points. Southey’s tubes
(Reginald Southey 1835-99) developed
this technique; silver tubes inserted
into oedematous legs allowed fluid to
leak out, giving relief of major oedema.
Use of Southey’s tubes continued into
the 1960s.

Frc. 873.

Dr. Southey’s Trocar and Canulas, for the treatment of
extensive and unyielding Anasarca, with four silver
Canulas, in Ivory case, and Drainage Tubing, complete,
Fig. 873 : . 010 6

Extract from the Lancef, May 5th, 1877, p. 649 :— The canulas of this instru-
ment, which are scarcely larger than the ordinary subentancous injecting needles,
are introduced into dropsical limbs by a fine trocar. They ferminate in a little
bulbous extremity, over which a capillary drainage tube is drawn, and conducted
below the patient into a pan, bottle, or other vessel. A wvery large gquantity of
serous fluid can thus be withdrawn from asingle prick for many successive hours,
without any discomfort to the patient.

“Amongst other recommendations of this simple and cleanly method for
relieving anasarca, the following are most important:—1. No tronblesome sores
or centres for erysipelas are formed. 2. The skin about the puncture is neb
irritated or macerated by the serum. 3. The patient is kept dry and clean in
bed, and the relief obtained is speedy and thorough.” .


https://en.wikipedia.org/wiki/Reginald_Southey
https://en.wikipedia.org/wiki/Reginald_Southey

Some historical facts ...

1775 William Withering discovered Digitalis Henry Schroeder showed in 1942 relief of

Torséthide oedema by limiting salt intake to less than
1g/day in patients with heart failure
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The introduction of

Shgich;i/?)l;i @ Chlorothiazide in 1957
revolutionized diuretic therapy

due to its efficacy and safety

profile,

Chlorothizide

Caffeine

koshiakoff @

Furosemide, synthesized in 1959 and released in 1962,

emerged as a highly effective prototype among loop
diuretics.

Torsemide was first approved in 1993

Jyotirmoy Pa et al. JAPI 2024



Diuretics the key stone to treat the volume overload

HFA

. Carbonic anhydrase inhibitors (e.g.,

acetazolamide) and SGLT-2 inhibitors (e.g.,

empagliflozin)

. Osmotic diuretics (e.g., mannitol)

Loop diuretics (e.g., furosemide, torasemide)
Thiazides-type diuretics (e.g., HCT,
chlorthalidone)

Potassium-sparing diuretics (e.g.,
spironolactone, triamterene) and Vasopressin-

2-receptor antagonists (e.g., tolvaptan)
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Site and mode of action of different diuretics —
loop diuretics
65% sodium reabsorption

(in HF reabsorption up to 75%)
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DOSE-AHF Trial

Table 2. Secondary End Points for Each Treatment Comparison.*
Bolus Every 12 Hr Continuous Infusion Low Dose High Dose
End Point (N=156) (N=152) P Value (N=151) (N=157) P Value
A Bolus vs. Continuog g V :
100+ AUC wi _| Freedom from congestion at 72 hr — 22/153 (14) 22/144 (15) 0.78 16/143 (11) 28/154 (18) 0.09
90 :U_::‘;M conpme -
il | Change in weight at 72 hr — b -8.7+8.5 0.01
T0~
§ | Net fluid loss at 72 hr — ml 4237+3208 42493104 0.89 3575+2635 489943479 0.001
g Change in NT-proBNP at 72 hr — -1316+4364 -1773+3828 0.44 —1194+4094 -1882+4105 0.06
3 pg/ml
o
Worsening or persistent heart failure 38/154 (25) 34/145 (23) 0.78 38/145 (26) 34/154 (22) 0.40
— no./total no. (%)
Treatment failure — no./total no. (%) 59/155 (38) 57/147 (39) 0.88 54/147 (37) 62/155 (40) 0.56
Increase in creatinine of >0.3 mg/d| 27/155 (17) 28/146 (19) 0.64 20/147 (14) 35/154 (23) 0.04
within 72 hr — no. /total no. (%)
B vs, High- Ll
“::‘:U‘c :: ,::; Length of stay in hospital — days 0.97 0.55
0 poase | Median 5 5 6 5
?:: Interquartile range 3-9 3-8 4-9 3-8
g Alive and out of hospital — days 0.36 0.42
2 Median 51 51 50 52
° Interquartile range 42-55 38-55 39-54 42-56

///j * Plus-minus values are means +SD. To convert pounds to kilograms, divide by 2.2. AUC denotes area under the curve, and NT-proBNP

N-terminal pro-brain natriuretic peptide.

"t Treatment failure was defined as the development of any one of the following during the 72 hours after randomization: increase in serum
creatinine level of more than 0.3 mg per deciliter (26.5 wmol per liter), worsening or persistent heart failure, clinical evidence of excessive di-

uresis requiring intervention (e.g., administration of intravenous fluids), or death.

ategy, 0.83 (95% Cl,

Low dose

Felker GM et al. N Engl J Med 2011;364:797-805



Pharmacokinetic and Pharmacodynamic Properties
of Loop Diuretics
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Nephron Remodelling as a Mechanism of Diuretic Resistance

Inadequate dose of diuretic
Nonadherence
Not taking drug
High sodium intake
Pharmacokinetic factors
Slow absorption of diuretic because of gut edema
Impaired secretion of diuretic into the tubule lumen
Chronic kidney disease
Aging
Drugs
Nonsteroidal antiinflammatory drugs*
Probenecid
Hypoproteinemia
Hypotension
Nephrotic syndrome
Antinatriuretic drugs
Nonsteroidal antiinflammatory drugs*
Antihypertensive agents
Low renal blood flow
Nephron remodeling
Neurohormonal activation

HFA
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Mechanisms of Loop Diuretic Action and
Resistance

i — e Congestive Heart Failure
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Ellison DH, Felker GM. N Engl J Med 2017;377:1964-1975 Verbrugge HF et al. Eur J Heart Fail (2014) 16, 133-142



Which loop diuretic to use?
The TRANSFORM-HF Randomized Clinical Trial

Among patients discharged after hospitalization for HF, torsemide compared with
furosemide did not result in a significant difference in all-cause mortality over 12 months.

JAMA

40
QUESTION Does torsemide reduce all-cause mortality compared with furosemide in patients with heart failure following hospitalization?
CONCLUSION This clinical trial found that torsemide vs furosemide did not result in a significant difference in all-cause mortality;
however, interpretation of these findings is limited by loss to follow-up and participant crossover and nonadherence,
30
POPULATION INTERVENTION FINDINGS e
o
2 i =
1804 Men % % All-cause mortality = 5
1055 Women 2859 Patients randomized Torsemide Furosemide 5_3
| T F 373 of 1431 patients 374 of 1428 patients 2O
N — —
Adults hospltalized for heart = -
fallure and could have had 1431 1428
either de novo heact fallure ar Torsemide Furosemide 10+
worsening of chranic heart failure Investigatoe-selected Investigator-selected 26.1% 26.2%
; dosage, with 2:1 to 4:1 dosage, with 2:1 10 4:1 Log-rank P >.99
Median age: 65 years furosernide ta torsemide furosemide to torsemide Adjusted P=.76
canversion as a guide CONYETSion as 2 guide
0-
LOCATIONS . Sdavst ek ot vtk 1 ; ; T : : T T T T )
orsemide vs furosemide did not resu
60 PRIMARY OUTCOME in a significant difference: 0 3 6 9 12 15 18 21 24 27 30
::1":'"’;‘32 . Ali-cause mortality through 30 months of follow-up Hazard ratio, 1.02 (95% €1, 0.89 101,18)

Months from randomization

No. at risk

Torsemide 1431 1301 1135 1027 904 787 689 661 543 434 317
Furosemide 1428 1295 1151 1036 897 782 707 658 542 428 317

HFA Mentz R et.al. JAMA. 2023;329(3):214-223
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Site and mode of action of different diuretics -thiazides
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CLORQTIC trial

Key Question
Does the addition of hydrochlorothiazide to standard intravenous loop-diuretic therapy improve the diuretic response in patients with

acute heart failure (AHF)?

Key Finding
In patients with AHF, the combination of oral hydrochlorothiazide with intravenous loop diuretics improved the diuretic response but

was assoclated with worsening renal function.

D T I

Take Home Message
The addition of hydrochlorothiazide to intravenous loop diuretics improves the diuretic response in patients with decompensated heart

failure at the cost of worsening renal function.

( Randoemized, double-blind, Changes In welght (kg) Changes In welght per 40mg of furosemide
placebo-contrelled clinical trial from baseline to 96 hours from baseline to 96 hours

F

History of chronic heart fallure

“Treatment with oral furcsemide
(80-240 mpfday)
Admission for acute decompensation

-

5 g Pr0.002 4 P=0.001
230 patients were randomized to © (2] [45] [72) <DL @ [24) [55] [72) @
5 days of oral treatment with Hour Hour
hydrochlorothiazide or placebo Plac HETZ
e = Safety Placebo HCTZ prvalue
° AN ca ety ot 90 d 15 (1E4%) 23 202%) 0566
AR TR RS T YO i S IR ST
; Cimpaired renal function (serur creatinine and eGFR) IO (TaAN) 53 (A6.5%) <0.00%
[ Hyponatrasmia (Nas = 130 mmolil) - (Na* = 135 mmal/l) 6 {5.2%)-2 (1.7%) 10 (BE%)-3 (2.0%) O416-0.682
CHypokakaeria (K+ = 3.0 mmol/L) - (K+ = 2.5 mmol/L) 18 (16.9%) 0 (DO%) 43 (406%)-2 (1.8%)  <0.001.0.245
HF-PEF 65%, Serious adverse events 27 {23.3%) 26 (22.8%) 0.93

HFA
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Site and mode of action of different diuretics -
Acetazolamide
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Site and mode of action of different diuretics -
Acetazolamide

B8 Congestive Heart Fail : :
AN i 1. Effect on loop diuretics

Acetazolamide

2. Decrease neurohumoral
activation

3. Increase K and Mg loss

HFA Verbrugge HF et al. Eur J Heart Fail (2014) 16, 133-142
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ADVOR trial

Acetazolamide in Acute Decompensated

Heart Failure with Volume Overload

A Successful Decongestion within 3 Days after Randomization

Risk ratio, 1.46 (95% CI, 1.17-1.82)
P<0.001

Placebo

Acetazolamide

Percentage of Patients

C Successful Decongestion at Discharge
Risk ratio, 1.27 (95% C1, 1.13-1.43)

Placebo 62.5

Acetazolamide 78.8
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Mullens W et al. N Engl J Med2022;387:1185-1195



Treatment algorhythm
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Mullens W, et al. Eur J Heart Fail (2019) 21, 137-155

McDonagh TA, Metra M et al. EHJ 2021,;42(36):3599-3726



Residual congestion at discharge impacts results negatively

Admission
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C K-M curves for all cause death: discharge D K-Mcurves for all cause death or HF-hospitalization: discharge
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P Logrank p<0,001 107 N Logrank p<0.001
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Time from hospitalization to the contact date of 1-year FU(days) Time from hospitalization to the contact date of 1-year FU{days)
wobcold 465 M 250 M2 B4 2T N7 M0 206 203 A2 190 166 wetcold 464 262 234 24 20 202 190 80 14 167 163 12 13

welwam 2559 2230 2134 2062 1991 1935 1884 1815 1773 1729 1664 1603 1438 webwarm 2499 2106 1936 1814 1687 1608 1541 1457 1398 1338 1288 1207 108)
drywarm 4422 3839 3758 3694 3645 35013526 3460 3388 3325 3145 3150 2900 drywam 4390 3753 3600 3486 3396 3306 3208 3119 3026 2940 2850 2751 2525

Chioncel O et al , Euro J Heart Fail (2019) 21, 1338-1352



Integrative euvolaemia/congestion evaluation at
discharge

CONGESTED

Variable

EUVOLEMIA
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Admission  Discharge

Clinical congestion

HF progression

Technical evaluation
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Mullens W, et al. Eur J Heart Fail (2019) 21, 137-155 Cotter G et al. JACC 2024



Randomized Clinical Trials of Decongestion and GDMT
Uptitration

Reduced congestion: no effect deaths/AHF hospitalization
= — discharge

EVEREST PROTECT

2007 2010 DOSE
2011

ADVOR CLOROTIC
2023

PIONEER-HF EMPULSE-AHF SOLOIST-WHF STRONG-HF

2019 2021 2021 2022
GDMTs initiation GDMTs uptitration
= e =3 B

GDMTs initiation/uptitration: decreases deaths/HF hospitalization
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Conclusion

* Congestion is the cause of symptoms and poor outcome in patients
with heart failure and residual congestion is associated with increased
mortality and HF hospitalizations.

* Diuretics are cornstone of decongestive therapies.

 Combination of different diuretics , early evaluation of diuretic
response and natriuresis (diuresis) guided approach could be the
most beneficial

e Despite the fact that there is no randomised clinical trial showing that
use of diuretics improve prognosis, optimisation of diuretic therapy
could allow to start GMT earlier and have more benefits for patients






	Slide 1: Diuretics: Loop diuretics. Thiazides and/or acetozalomide? 
	Slide 2: Declaration of interest
	Slide 3: Concept of heart failure
	Slide 4: 90% of all HF hospitalizations are due to volume overload 
	Slide 5: Congestion as key finding in AHF 
	Slide 6: Guideline recommendations - 2021 ESC Guidelines for the diagnosis and treatment of acute and chronic heart failure  
	Slide 7: Some historical facts …
	Slide 8: Some historical facts …
	Slide 9: Diuretics the key stone to treat the volume overload
	Slide 10: Site and mode of action of different diuretics –  loop diuretics
	Slide 11: DOSE-AHF Trial
	Slide 12: Pharmacokinetic and Pharmacodynamic Properties of Loop Diuretics
	Slide 13: Nephron Remodelling as a Mechanism of Diuretic Resistance
	Slide 14: Mechanisms of Loop Diuretic Action and Resistance  
	Slide 15: Which loop diuretic to use? The TRANSFORM-HF Randomized Clinical Trial
	Slide 16: Site and mode of action of different diuretics -thiazides
	Slide 17:  CLOROTIC trial
	Slide 18: Site and mode of action of different diuretics -Acetazolamide
	Slide 19: Site and mode of action of different diuretics -Acetazolamide
	Slide 20: ADVOR trial  Acetazolamide in Acute Decompensated  Heart Failure with Volume Overload  
	Slide 21: Treatment algorhythm 
	Slide 22: Residual congestion at discharge impacts results negatively 
	Slide 23: Integrative euvolaemia/congestion evaluation at discharge  
	Slide 24: Randomized Clinical Trials of Decongestion and GDMT Uptitration
	Slide 25: Conclusion
	Slide 26: Thank you

