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H XNN avapevetat va Eemepaocet to Ca Tveupova Kat
ToV XA, ¢ 5n KUpLA aLTia BavaTtou TIAYKOoULWE HEXPL

Kupla artia Kupla amagvnotp.orntaq 10
Ovnowotntag to 2022 2050
1 Ischemic heart disease 1 Ischemic heart disease
2 Stroke 2 Stroke
3 COPD 3 COPD 182%
4 Lower respiratory infections| 4 Alzheimer’s disease aﬂﬁr] on
B
5 COVID-19
TwV
6 Lung cancer 6 Lower respiratory infections Bavatwv
amo 1o
7 Alzheimer’s disease 7 Hypertensive heart disease 2022
8 Neonatal disorders 8 Lung cancer
9 Diabetes 9 Diabetes

*Mean % change.

CKD, chronic kidney disease; COPD, chronic obstructive pulmonary disease.

Figure reproduced from Foreman JK et al. 2018. Copyright © 2024 The Authors. Published by Elsevier. Distributed under the terms
of a Creative Commons Attribution 4.0 International License: https://creativecommons.org/licenses/by/4.0/.

GBD 2021 Forecasting Collaborators. Lancet. 2024;403:2204—-2256.
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Age-specific incidence rates have leveled off.

ESRD Incidence rate (per million/year)
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https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6317596/

Typical findings of proteinuria and urine sediment abnormalities in

differential diagnosis of common causes of CKD

Proteinuria Total albumin/ RBC RBCcasts WBC WRBC casts
creatinine ratio
Diabetic kidney disease + =30 mg/g - - - -
Hy pertensive kidney disease + 0-1000 mg/g - - - -
Myeloma + - - - -
Cystic kidney disease - - " - - -
Tubulointerstitial obstructive 2 =1000 mg/g - - + +

1

+

Chronic kidney disease (CKD) arises from many

Heterogeneous Disease Pathways
Which may influence diuretics action

Table 2: Typical indings of proteinuria and urine sediment abnormalities in differential diagnosis of

www.thelancet.com Vol 389 March 25, 2017




AloupnTika




DEFINITIONS

Diuretic: substance that
promotes the excretion
of urine

caffeine, yerba mate,

nettles, cranberry juice,
alcohol

Natriuretic: substance
that promotes the renal
excretion of Na+



Development of
Antihypertensive Therapies
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Original approval date of the antihypertensive drugs by prescribing

prevalence.

@ Lisinopril
816 @ Amlodipine
§ 8% # Metoprolo @ Losartan
2
s ® Olmesartan
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i Verapamil Qutna 3 Telmisartan
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0.25% ¢
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FDA Approval Date
Source: CuintlesMS, NOT), 2014,

Approval dates received from the FDA drug database (26)

American Journal of Hypertension, Ltd 2017.




Nephron sites of action of diuretics

convoluted tubule

Site of diuretic action

[ carbonic anhydrase inhibitors
B osmotic diuretics

Bl Loop diuretics

[ iazide diuretics

] K -sparing diuretics
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Thiazide
and
Thiazide-
like
Diuretics

Loop
Diuretics

Potassium-

Sparing
Diuretics

Diuretics

Hydrochlorothiazid
e

Chlorothiazide
Chlorthalidone

Bendroflumethiazi
de

Indapamide
Metolazone
Bumetanide

Furosemide

Torsemide

Amiloride
Triamterene
Spironolactone
Eplerenone

BA (%)

65 - 75

30 -50
65

90

90
65
80 -90

10-100

80-100

15-20
83 (55)"
>90
69

,, (hours)
3.0-10.0
15.0 - 25.0
24.0 - 55.0
2.5-5.0
6.0 - 15.0
14
0.3-1.5
0.3-3.4
3.0-4.0
17.0 - 26.0
3.0 (3.0)*
1.5 -15.07
2.2-9.4

Parentheses denote active metabolite. "The half-life of one active metabolite, potassium
canrenoate, is 15 h. BA = bioavailability; T,, = half-life; DOA = duration of action: NA =

Reapkintad from Brater DC. In: Principles of Pharmacology: Based Concepts and
Clinical Applications. 1995:657-672, with permission from Springer Science and Business Media; Delyani JA, et al. Cardiovasc Drug Rev.
2001;19:185-200; Rosenberg J, et al. Cardiovasc Drug Ther. 2005;19:301-306; Sica DA. Congest Heart Fail. 2003;9:100-105.

DOA (hours)

6-12

6-12
24 - 72

18 - 24

24 - 36
12 - 24
4-6

6-8

6-8
24
7-9
48-72
NA



Drug-treatment strategy for hypertension and CKD

i Initial therapy
Dual combination

Step 2

Triple combination

Step 3
Triple combination +
spironolactonec or
other drug

ACEi or ARB + CCB
or ACEio

i

ACEi or ARB + CCB + diuretic (or
loop diuretic)®

i

Resistant hypertension
Add spironolactone (25-50 mg o.d.)
or other diuretic, alpha-blocker or beta-blocker

Beta-blockers

Consider beta-blockers at any
treatment step, when there is a
specific indication for their use,

e.g. heart failure, angina,

post-MI, atrial fibrillation, or
younger women with, or
planning, pregnancy

A reduction in eGFR and rise in serum creatinine is expected in patients with CKD'who receive BP-lowering therapy, especially in those
treated with an ACEi or ARB but a rise in serum creatinine of >30% should prompt evaluation of the patient for possible renovascular disease.

European
ESHR}y Society of
Hypertension



2023 ESH Guidelines for the management
of arterial hypertension

ACEi or ARB
Prescribing patterns:

» Start with dual combination therapy
in most patients
» Uptit-ate to maxamum well tolerated
doses and to triple thesapy if needed
* Once daily (preferred in the morning)
¢ Add further drugs if needed
» Preferred use of SPCs at any step

mDiuretic < ol cc’

Additional drug classes

General antihypertensive therapy:
* Steroidal MRA

® Loop Diuretic

e Alpha-1 Blocker

& Centrally acting agent

* Vasodilstor

Spedal comorbidities:
o ARNI BB(

* SGLT2i
o Non-Steroidal MRA

European
ESHR}y Society of
Hypertension



2023 ESH Guidelines for the management
of arterial hypertension

Diureticcs are particularly useful in CKD patients, because these patients are most
often sodium-sensitive (especially if older, diabetic or obese) and have a high
prevalence of treatment-resistant hypertension

Furthermore, diuretics can effectively reduce proteinuria when added to RAS
blockers in proteinuric CKD [1366].

' Thiazide diuretics become less effective, because they cannot reach their tubular
site of action because of competition for tubular secretion with other substances
that accumulate in CKD

European
ESHR}y Society of
Hypertension



2023 ESH Guidelines for the management
of arterial hypertension

CKD stage 1 to 3 &
eGFR 230 ml/min/1.73 m?
= )
ACEi or ARB + CCB
Increase to full-dose if well tolerated® )
i ACEi or ARB + CCB 0
\_ J
~ a )
True Resistant Hypertension
Ad
or Il) BB' or Alpha-1 Blocker
| ol Centrally acting agent

Step 1
Dual combination

Step 2
Triple combination

Step 3
Add further drugs

CKD stage 4 and 5 (not on dialysis)
eGFR <30 ml/min/1.73 m?

' :

ACEi®< or ARB® + CCB
_ Increase to full-dose if well tolerated®
/

ACEi®>€ or ARB® + CCB

or )

Additional therapy: SGLT2i as GDMT in CKD or Finerenone as GDMT in CKD with Type 2 Diabetes mellitus

European
ESHR}y Society of
Hypertension
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Thiazide and Thizide —like Diuretics
Mechanism of action




Diuretics Used to Treat Hypertension

BA (%) ,, (hours) DOA
(hours)
Thiazide Hydrochlorothiazid | 65 - 75 3.0-10.0 6-12
and e
Engaz'de' Chlorothiazide 30-50 | 15.0- 25.0 612
Diuretics
Chlorthalidone 65 24.0 - 55.0 24 - 72
dB:;.-ndroflumethlam 20 2.5 _5.0 18 — 24
Indapamide 90 6.0 - 15.0 24 - 36
Metolazone 65 14 12-24

Parentheses denote active metabolite. 'The half-life of one active metabolite,
potassium
canrenoate, is 15 h. BA = bioavailability; T,, = half-life; DOA = duration of action: NA

unknown

Reprinted from Brater DC. In: Principles of Pharmacology: Based Concepts and

Clinical Applications. 1995:657-672, with permission from Springer Science and Business Media; Delyani JA, et al.
Cardiovasc Drug Rev. 2001;19:185-200; Rosenberg J, et al. Cardiovasc Drug Ther. 2005;19:301-306; Sica DA. Congest Heart
Fail. 2003;9:100-105.



Thiazide and Thizide —like Diuetics

Duration of action, potency, and half-life

Hydrochlorothiazide Chlorthalidone Indapamide SF
Hal-ie |46-48)] b-154 40-60h 14-24h
Duration of action (49 50] 16-24h 48-T2h il
Equipatency for ofice SBP [51-53] 15mg 125mg 15mg
Dose effect for office SBP [53,54] Vs Mied data No

Journal of Hypertension 2019, 37:1574-1586



Comparison of thiazide-like diuretics versus thiazide-type
diuretics: a meta-analysis

Thiazide-like Thiazide Mean difference Mean difference
Study or subgroup Mean 50 Total Mean 5D Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% C
A Pareek (2000) -118 138 30 -78 144 30 0.0%  -4.00[-11.14, 3.14]
Amil K. Pareek et al. (2016) -11.14 1241 16 -6.02 12.46 18 0.0% -5.12[-13.449, 3.25) ¢
Bakris (2012 =351 06 295 =295 Q06 292 992%  -5.60[-5.70, -5.50] .
David et af. (1999} -19.1 187 18 =-9.05 1.5 21  0.0% -10.05[-19.99,-0.11) *
Emeriau er al. (2001) -22.7 154 178 -194 155 171  0.1%  -3.30[-6.54, -0.08]
GERARD et al, [1983) -11 36 13 -8 36 11 01% -3.00[-5.89 -0.11]
Kwan et al. (2012) -15 115 13 -9 128 15  0.0% -6.00[-15.00, 3.00] ¢
Michael et al. (20086) -124 18 13 -74 17 11 0S5% -5.00[-6.40, -3.60] —
Pareek et al, (2009) -20.17 12.65 60 -17.63 11.73 L] 0.0% -2.54 [-6.91, 1.83]
Radevski et al. (2002) =20 181 20 -8 16.3 22 0.0% -12.00 [-22.46, =1.54) *
Total (95% CI) 656 651 100.0% =5.59 [-5.69, =5.49] ]
Hererogeneity: 7 = 10,02, df = 947 = 0,35), ¥ = 10% 1 i i i
Test for overall effect: Z = 113.33 (P < 0.00001) -10 -5 0 5 10

Favours [thiazide-likel Favours [thiazidel

Fig. 2 Forest plot shows the variance of systolic BP reduction by thiazide-like diuretics versus thiazide diuretics.

. Cell. Mol. Med. Vol 21, No 11, 2017 pp. 2634-2642
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A model of NaCl reabsorption by cells of the early
and late DCTs.

DISTAL CONVOLUTED
LUMEN TUBULE CELLS " BLOOD

[In the early \

DCT, apical sodium
reabsorption is
exclusively mediated by
thiazide sensitive

NaCl cotransporter

K(NCC), Y




Tubular [umen Na' CI

'k‘t

Cytosol

Inactive NCC

Trafficking

Sl

For

NCC to be active, it must
traffic to the plasma
membrane from an
intracellular storage pool.
After it reaches the surface, it
isin an inactive

state until it is phosphorylated
by two kinases, Ste20-like
proline-alanine rich kinase
(SPAK) and oxidative stress
responsive

kinase 1 (OSR1).

ClinJ Am Soc Nephrol 9: 2147-2163, December, 2014




A working model for NCC regulation through the WNK-SPAK/OSR1 signaling cascade

Na* CI'
Active NCC
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Clin J Am Soc Nephrol 9: 2147-2163, December, 2014

/Anumber of \

hormones have been
shown to stimulate
NCC phosphorylation
at residues that are
directly
phosphorylated by

QPAK and OSR1

J




Theoretical mechanisms of thiazide-induced chronic
blood pressure Iowering




Schematic drawing of temporal changes in mean arterial pressure (MAP),
total peripheral vascular resistance (TPR), cardiac output (CO) and plasma

volume (PV) during thiazide treatment of a hypertensive subject

Thiazide __

TPR - -2 e

Days Weeks Months

From Birkenhager, WH: Diuretics an
(Suppl 2) S3-S7.

ood pressure reduction: physiological aspects. J. Hyperten. 1990, 8



body
weight
(kg)

plasma
volume
(ml)

plasma
renin

concentration
(WU /ml)

placebo
l hydrochlorothiazide

85 1
814
77 4
73 -
2800 -

-

2600 4

2400 4
300 -

100 -

0 -

ﬂnk 3 months 9 muntﬂs
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N

*

ik

T

T
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Fig. 4. Persistent elevation of plasma renin concentration in the
course of hydrochlorothiazide treatment observed in 10 essential
hypertensive patients (adapted from Van Brummelen et af. [26).

Xpnon dloupntikwv

Melwon tou evboayyelakou
OYKOU

T
ol

Avgnon TG pevivng

From Birkenh&ger, WH: Diuretics and blood pressure
reduction: physiological aspects. J. Hyperten. 1990, 8
(Suppl 2) S3-57



ACEI/ARB - Hydrochlorothiazide Combination: Safety Advantages

ACEi/ARB + Hydrocholorothiazide
| RAAS Plasma volume and
natrii.lresis
J Aldosterone RAAS
Serum Aldosterone
Potassium :
d Serum Potassium

Serum potassium levels
remain within normal limits
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Factors Potentially Related to Hypertension in Chronic Kidney Disease Jotn T. Gousirdos

Handbook of - - =
Chronic Kidney ]
Disease
Management

Second Edition

Renm-angiotensim-aldosterone svstem stimulation

p \andin/bradykini

Alterations in endothelium-derived factors (nitric oxide’epdotheling

Ervt ietin administrat

Parathyroid hormone secretion/increased intracellular calcium/hypercalcemia
Cyclosporine, tacrolimus. or other immunosuppressive and corticosteroid therapy
Fenal artery disease

TDwWetters Kirvaer

Rigas Kalaitzidis, M.D., and George L. Bakris, M.D. Publish date:9-Oct-2018
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Extracellular volume expansion is an important, if not the most important,
contributing factor to hypertension seen in

chronic kidney disease

—

Protection against progression of renal dysfunction has two main
requirements:

+* Strict blood pressure control
**Lowering proteinuria to values as near to normal as possible.

Al

Diuretics :have been a useful tool to manage volume overload
and to achieve strict blood pressure control in patients with chronic kidney
disease



@ Emmuem)om (zo mu 21592215 ESH AND ESC GUIDELINES
‘eurheart)fehtl

2013 ESH/ESC Guidelines for the management
of arterial hypertension

The Task Force for the management of arterial hypertension of the
European Society of Hypertension (ESH) and of the European Society
of Cardiology (ESC)

in renal funcuon and hyperkalemia [540]|. Loop diuretics
should replace thiazides if serum creatinine is 1.5mg/dL or
FR is <30 ml/min/1.73m>.

Diabetes and Hypertension: Thiazide-like diuretics are only effec-
- in maintaining volume and reduci
A Position Statement by the —_—

American Diabetes Association |of 30 mL/min/1.73 m* (86,87). Below an
Diabetes Care 2017,40:1273-1284 | https://doi.org/10.2337/dci17-0026 FRof 30 ni./mln/1.73 m’, a Iong-acthg

diuretic, such as torsemide, should
prescribed instead.




2023 ESH Guidelines for the management
of arterial hypertension

Thiazide/Thiazide-like_diurefics are recommended in resistant
ion if estimated eGFRd8 2 30 miimin/1.73 m2.

Loop diureti be considered in patients with an estimated
and should be used if eGFR falls below
30 ml/m

5 to 25 mg once daily) could be used with or
diuretic if éGFR is <30 ml/min/1.73 m?.




Loop diuretics
Mechanism of action




Nephron sites of action of loop diuretics

Afferent

arteriole
Glomerulus

Proximal
convoluted tubule

Efferent
arteriole

Proximal
straight tubule

Site of diuretic action
[ carbonic anhydrase inhibitors
P osmotic diuretics
Thin descending
Bl Loop diuretics limb
[ Tniazide diuretics

[ K -sparing diuretics

tubule

Thick ascending
limb

Thin ascending
limb

\\

Distal convoluted

f

=~ Cortical
collecting
tubule

= Medullary
collecting
tubule

© Elsevier 2005. Minneman & Wecker: Brody's Human Pharmacology 4e www.studentconsult.com




H emtavappodnon Ttou KavoviKa SlapecoAaBelTal aro To Tayu aviov okeAog [Na-K-
2Cl] ouv petadopea (NKCC2)
TAOKAPETAL ATIO TA SLOUPNTIKA TNG AYKUANG,
OTIWE N GOUPOTEULON KAl N TOPATEULON

™
LUMEN %l BLOOD

TP
; " 3Ne*
2K*

S
= |

BLOOD

e |
e 3Ne™
2K*

.

Clin J Am Soc Nephrol 9: 2147-2163, December, 2014




Diuretics

BA (%) T,, (hours) DOA
(hours)
Bumetanide 80 -90 0.3-1.5 4-6
Loop
Diuretics | | osemide 10-100| 0.3-3.4 6-8
Torsemide 80 -100 3.0 -4.0 6-8

*Parentheses denote active metabolite. *The half-life of one active metabolite, potassium
canrenoate, is 15 h. BA = bioavailability; T,, = half-life; DOA = duration of action: NA =

unknown.

Reprinted from Brater DC. In: Principles of Pharmacology: Based Concepts and
Clinical Applications. 1995:657-672, with permission from Springer Science and Business Media; Delyani JA, et al. Cardiovasc Drug Rev.

2001;19:185-200; Rosenberg J, et al. Cardiovasc Drug Ther. 2005;19:301-306; Sica DA. Congest Heart Fail. 2003;9:100-105.



Loop diuretics and hypertension

They lower blood pressure acutely because of
their potent natriuretic effect and consequently
fall in circulating blood volume

e




YtmrépTaon — Zuykpion Topaceyidng pe lvoatrauion

11l KaAto opou

Topaoepién *p<0,05 vs
lvSamauidn TWUAG Evapéng

. B v BN v

Topaoeuidn 2,5 Ivéamauién 2,5

AAN (mmHg)
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ERSouadeg

. ‘Evapén |:| 12 €B6.

AUTAQ-TUAR, TUXOLLOTIOLNEVN TIOAUKEVTPLKA UEAETN O€ 66 a.0Beveig pe WSlomabn unéptaon [SLaoToAKN
aptnplakn rtiieon (AAN) kata tnv évapén 100-115mmHg]. Apxn He 2,5mg Topaocspidn r vdamoapidn ko
Suvatotnta Suthacloopol petd ano 4 eBdopadec. Aldpkela 12 eBSopadeg

Spannbrucker N et al, Arzneim.-Forsch 1988; 38 (1): 191-3



Outcomes of diuretic use in pre-dialysis CKD patients
with moderate renal deterioration attending tertiary care referral

center
"l"nhile 3 Extent of reduction QOutcomes Loop diuretics Thiazide Combination p value
in different parameters from C e
baseline w.r.t diuretic use diuretics
oS BP (mmHg) -59 -3.7 - 0.04
Reduction in DBP (mmHg) -1.7 -1.6 - 0.8
Reduction in ICW (L) -0.7 —0.5 - 04
Reduction in ECW (L) -1.9 =25 - 0.04
Reduction in TBW (L) =2.6 =3.0 - 0.06
Decline jn eGER (ml/min/1.73 m2) =22 -1.6 - 0.01
Stage 4 (N=49)
“==Reduction in SBP (mmHyg) -93 -28 - <0.001
Reduction in DBP (mmHg) -3.0 -13 - 0.04
Reduction in ICW (L) -0.6 -0.4 - 0.5
Reduction in ECW (L) -1.8 =09 - 0.08
Reduction in TBW (L) =25 -13 - 0.04
Decline in eGFR (ml/min/1.73 m2) =21 -1.8 - 0.08

Loop diuretics provided better SBP control than thiazide diuretics
(2) the decline in eGFR was more profound with furosemide in CKD stage 3 and4
(3) combination therapy was most effective in controlling SBP and extracellular water,
but had more side effects than single agent diuretic therapy;

(4)side effects were only observed in patients receiving high doses of furosemide and HCTZ.

Clin Exp Nephrol (2017) 21:1011-102:



Zﬂw Loop Diuretics

FE Na (%)

10 -

Thiazide Diuretics

LOG URINARY DIURETIC AMOUNT
or
LOG URINARY DIURETIC EXCRETION RATE

From Brater, DC. Pharmacology of Diuretics. Am. J. Med. Sci. 2000, 319:38-50.
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Isopropyl-lI-methyl-3 5-(amino sulfonyl)-4-chloro-
phenylamino-4 pyridil- 2-[(2-furanylmethyl)amino]

3 sulphonyl- 3-urea -benzoic acid
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[Meovexmora Topaogepidng vavt Goupodepiong

BloStaBeotp. (%) 10-100 80-100
MeTaBoAloHOC 50% vedpol 80% nmap
YUvOeon e MpwTEiveg 959, 97-99%
Alapkela 6paong (wpeg) 4-6 18-24

*  MeyalUtepn peiwon tng Bvntotntag otnv XKA

*  MeyalUtepn Helwon ouXVOTNTAC EMAVELOOYWYWV Kal SLAPKELOG VOONAELOG
*  MeyalUtepn pelwon taénc kata NYHA

*  TaxUTteEPN KOL TILO ATIOTEAECHLOTIKI) UTIOXWPENOT CUUITTWULATWY

*  BeAtiwon atpoduvaplkwy noapapetpwy (LVEF, LVESV, LVEDV)
*  Avtl-aAd0OTEPOVLKN KOl AVTL-LVWTLKA Spaon

* loxupotepn avti-umeptaotkn Spaon
*  KaAUtepn motdtnta {wng (vuktoupla, pikpoupia)
*  Awyotepn kaAAlolpnon



Furosemide: Dosage Increase vs Torsemide

Furosemide

Toxicity

Torsemide

Furosemide

Diuretic Excretion Rate



. 2022 Jan;20(1):5-11. doi: 10.1080/14779072.2022.2022474. Epub 2022 Jan 3

Rationale for torsemide compared to other diuretics

IN

Pharmacologic & Potential clinical

Physiologic rationale effects?
]

¢ Improved NYHA class

¢ Improved quality of life

e Reduced length of
hospitalization

Decreased kaliuresis e  Reduced HF readmission rate

RAAS effects o  Reduced overall CV

Myocardial fibrosis effects readmission rick

¢  Cardiac mortality

e  All-cause mortality

Higher bioavailability

Increased natriuresis




2023 ESH Guidelines for the management
of arterial hypertension

Thiazide should be substituted with a loop diuretic.
Within this class

torasemide might be preferred to furosemide
because of its longer half-life




JAMA | Original Investigation

Effect of Torsemide vs Furosemide After Discharge on All-Cause Mortality

in Patients Hospitalized With Heart Failure
The TRANSFORM-HF Randomized Clinical Trial

40 -
301
=%
=
E 201
E— Torsamide
Furosemide
104
Log-rank P =99
Adjusted P=_76
[' .

o 3 6 9 12 15 18 21 24 27 30
Months from randomization
Mo. 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

The cumulative incidence of the primary outcome in the 2 groups is shown. The
whiskers represent 95% Cls at the months specified. Variables for the adjusted
Pvalue are listed in Table 2.

Primary Outcome of All-Cause Mortality

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

JAMA. 2023;329(3):214-223.




A) On-treatment Status at Discharge
n
All.cause Mortality
2 Torsemide 17.5%
Furosemide 17.6%
" Adusted HR 1.01(95%C1 083.1.22)
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B) On-treatment Status at 30 Days

n
All-cause Mortality
Torsemide 14.5%
Furosemide 15.0%
" Adusted HR 1.02 (95%C1 0.81-1.27)
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All.cause Hospitalization
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In TRANSFORM-HF, a
post-hoc on-
treatment analysis
did not meaningfully
differ from the
original trial results.
Among those
deemed compliant
with the assigned
diuretic, there
remained no
significant difference
in mortality or
hospitalization after
HF hospitalization
with a strategy of
torsemide vs
furosemide

All-cause Mortality and All-Cause Hospitalization by On-treatment Status at

Discharge and 30-day Follow-up

Eur J Heart Fail. 2024 July ; 26(7): 1518-1523
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K*-sparing diuretics and
mineralocorticoid-receptor
antagonists



KaAloouvtnpnTika dloupnTika

Three Groups I o

[steroid aldosterone antagonists ]

O
"SCCH;,

spironolactone, eplerenone Spironolactone

Pteridines H,N Q LON NH,

triamterene

Pyrazinoylguanidines I ICGNHGNHZ
| | NH,

amiloride Amilorde



Ol QVTAYWVIOTEG TOU UTIOOOXEN TV AAATOKOPTIKOELSWV (OTILPOVOAAKTOVN Kal
ETAEPEVOVN)AVAOTEANOUV AVTAYWVLOTIKA TNV OUVOEDN TNG AASOGTEPOVNG OTOUG

UTIOBOYELG OAATOKOPTIKOELDGVI

B. Distal tubule and collecting duct

Luminal Basolateral

yNa

(ROMK2) !
K*
“

Amiloride

+

Clin J Am Soc Nephral
9. 2147-2163, Decenber, 2014



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)

Nt |

Management of HFrEF

To reduce HF hospitalization/mortality - for selected patients

European Heart Journal (2021) 42, 35993726



D

Aldosterone Blockade in Diabetic Nephropathy with

Proteinuria
60 - —&— Placebo
—a— Losartan
40 - —&— Spironolactone

Mehdi et al, ] Am Soc Nephrol 2009



Anerenone is the first non-steraidal MRAIndicated to reduce nsksin
patients with CKD associated with T2D

FIDELIO- FIGARO-

Composite Kidney

_ endpoint &Kd&%[e CV endpoint
Prima Time to Kidney failure Time to CV death, non-fatal MI,
ry sustained 240% eGFR hggg;:;tig;ggﬁg’r IO—|rF
decline, or kidney-related
endpo 18%RRR 13% RRR
Int NNT=29 ARR=2.1%
HR=0.82; p=0.001 HR=0.87; p=0.03
Key Same as primary Same as primary
secon endpoint in FIGARO- endpoint
dar DKD in FIDELIO-DKD
ond yo 14% RRR 13% RRR
: P NNT=42 NNT=47
INt HR=0.86; p=0.03

HR=0.87; p=NS

N=5674 N=7352

Median follow up 2.6 years Median follow up 3.4 years

ARR, absolute risk reduction; MI, myocardial infarction; NNT, number needed to treat; RRR, relative risk reduction; NS,
non-significant

1. Agarwal R, et al. Eur Heart J 2022;43:474-484; 2. Bakris GL, et al. N Engl J Med 2020;383:2219-2229; 3. Pitt B, et
al. N Engl J Med 2021;385:2252-2263

° @FlDEuo-DKD @HGARO-DKD



2023 ESH Guidelines for the management
of arterial hypertension

Treatment strategies in patients with Kidney disease

_are recommended for patients with CKD

due to type-2 diabetes or some non-diabetic nephropathies

and moderately or severely Increased albuminuria,
independent of eGFR, and in those patients with CKD and
eGFR <45 ml/min/1.732

The nnn—stemidal_be used, because

of its nephroprotective and cardioprotective properties and

some BP lowering effect in patients with diabetic CKD and

moderately or severely increased albuminuria.

In CKD patients with hyperkalemia a potassium binder can
be used to maintain normal or near normal serum
potassium levels (<5.5 mmol/L) in order to allow optimal

treatment with a RAS-blocker or a MRA to continue.




Review

The effects of SGLT2 inhibitors on blood pressure and other
cardiometabolic risk factors

Alexandra Katsimardou 12, Panagiotis Theofilis 3, Aikaterini Vordoni 3, Michael Doumas * and Rigas G Kalaitzidis 3

/ Natriuresis

4 /
Weight loss / 2?;1:::5 /

£ ) =ClIel [ e )
BP
lowering

/ | autonomic / | oxidative
imbalance / stress /

A

/ | arterial

stiffness /l inflammation /

Figure 1. Mechanisms of SGLT2 inhibitor-induced blocd pressure lowering.
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Rates of Death and Cardiovascular
Events in Patients According to eGFR

Data From Kaiser Permanente

14.14
14 11.36 40 36.60
o 12 . 35
(1]
3 10 o 21.80
z g o 25
‘E‘ S 20
S 6 S 15 11.29
L )]
e 4 1.0 IS 10
® 0.76 : o 2.11
8 ? >
S 0 0 -
o >60 <15 60
e 59 44 29 59 44 29
eGFR (mL/min/1.73 m?)

N =1,120,295 adults.
*Age-standardized rates per 100 person-years; 'CV event defined as hospitalization for coronary heart disease, heart failure,
ischemic stroke, and peripheral arterial disease per 100 person-years.

72
Go AS, et al. N Engl J Med. 2004;351:1296-1305.



XNN & KA

KAaopatiki anékkpion Natpiov oe pucloloyika atopa o acBeveic pe XNN The fractional Na+ excretion (FENa)
KOl OE 0l0OEVELG LE KAPSLAKI) OLVETIAPKELOL as a function of plasma loop
20
18 1 == Normal — with chronic kidney disease (CKD)
" =KD / / | Decreased
— maximal
HF | JSecretory meT———
ut S s
-1 —/—
e
+ 10 is preserved when expressed as FENa,
=
; [ /]
L 8
; [/
Patients with congestive heart failure
4 h h fail
9 / / / demonstrate a rightward and
? downward shift, even when
l:l ! | | | d as FEN d th
0 01 1 10 100
,.I!'; B i d g,.r 1 are relatively diuretic resistant
d2Mma Turomeside I:Ll mL)

J Pharmacol Exp Ther 215:77, 1980.)



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)

European Heart Journal (2021) 42, 35993726



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)

L

7 ?

European Heart Journal (2021) 42, 35993726



l Congestion associated with worsening HF

—g N
Volume overload Volume redistribution

l Hypoalbuminemia ‘
Diuretic

. HypoNatremia
resistance

[ HypoCloremia ‘

Anemia



o

% Clinical Diuretic Resistance

Definition

Persistent signs and/or symptoms of congestion and minimal weight loss (<0.5 kg in 24 hours

or <2 kgin 72 hours) often associated with WRF (baseline SCr rise >30% or = 0.3 mg/dl)
requiring:

¢ High dose intravenous diuretics (>240 mg furosemide equivalent dose daily in multiple bolus doses or continuous
infusion).
¢ Addition of distally acting diuretic(s) (loop diuretic + thiazide + aldosterone blocker).

e Hypotension

* Decreased kidney function

* Severe symptoms of ADHF

e Significant cardiac dysfunction

McKelvie RS, et al. Can J Cardiol 2011; 27:319-38
Freda B, et al. Am J Kidney Dis 2011; 58:1005-17
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loop diuretic resistance

AVTLUETWTILON

Several approaches to treat diuretic-resistant are available:

Addition of distal acting thiazide diuretics
Natriuretic doses of mineralocorticoid receptor antagonist
Vasoactive drugs

Slow continuous veno-venous ultrafiltration



Combination therapy-diuretic resistance
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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*

BACKGROUND
Whether acetazolamide, a carbonic anhydrase inhibitor that reduces proximal tubu-

lar sodium reabsorption, can improve the efficiency of loop diuretics, potentially
leading to more and faster decongestion in patients with acute decompensated

heart failure with volume overload, is unclear.

———

CONCLUSIONS
The addition of acetazolamide to loop diuretic therapy in patients with acute de-

compensated heart failure resulted in a greater incidence of successful decongestion.
(Funded by the Belgian Health Care Knowledge Center; ADVOR ClinicalTrials.gov

number, NCT03505788.)

N Engl J Med 2022;387:1185-95. DOI: 10.1056/NEJM0a2203094
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Acetazolamide in Acute Decompensated
Heart Failure with Volume Overload

wW. 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. Darmman, J. Lassus, A. Mebazaa, G. Filippatos, F. Ruschitzka, and M. Dupont,
for the ADVOR Study Group

5.0q Absolute difference on day 2, 5004 Absolute difference on day 2,
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Days Days

Figure 3. Diuresis and Natriuresis According to Trial Group.

I bars indicate standard errors.

In this placebo-controlled trial, we found that the addition of acetazolamide to
standardized intravenous loop-diuretic therapy in patients with acute decompensated
heart failure led to a higher incidence of successful decongestion.

N Engl J Med 2022;387:1185-95. DOI: 10.1056/NEJM0a2203094
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MNormal threshold

S—

Time (hr)

~ Anormal individual an oral dose
be as effective as an intravenous
dose because the time
above the natriuretic threshold (indicated by
the normal threshold line

—

is approximately equal.
If the natriuretic threshold increased
(as indicated by the

then the oral dose may not provide
a high enough plasma
level to elicit natriuresis
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Peak diuresis after first dose of loop diuretic

Increase in sodium
excretion, meq/min

0.5 1 2 94 [ 6.5 B 10 12
Time, hours

Increase in urinary sodium excretion (UNa) after intravenous bumetanide, given as a continuous
infusion (solid line) or as a bolus (dashed line), in patients with stable chronic kidney disease.

The continuous infusion produced a 30 percent greater increase in sodium
excretion than bolus therapy due to a more favorable rate of diuretic excretion.

o
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RENAL AESPONSE TO FUROSEMIDE IN HUMANS: EFFECTS OF INDOMETHACIN,

Erdpaon TnG HELWHUEVNG TIPOCANYNG AAATOC
gTnV Opaon TNG POUPOTEULONG

SALT RESTRICTION, AND REPEATED FUROSEMIDE ADMINISTRATION

4 Nomal N e

2 Normal NaCl infaka

+ indomathacin
/ 3. Low NaCl intaka
F# Low NaCl intaka

+ [apaated administration

Fanal FMat aexocraetion (mmeclsmirmn 1)
"

T | | |
i {0 100 1000

Renal frosamide axcration ( ugemin™ ‘]

k

Relationship between excretion
of Na+ and furosemide
(log scale) after a bolus
intravenous injection of 40 mg furosemide
in
normal subjects on a normal NaCl intake
(1),
for a normal NaCl intake after indomethacin
(2),
for a low Na+ intake (20 mmol/24 hours)
3),
and for the third day of furosemide
administration on a low Na+ intake

J Pharmacol Exp Ther 215:77, 1980.)
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F-GC (15%)

«+——UDPGT

F-GC

J

— F (43%)

» F-GC (42%)

1

After IV furosemide is administered,
15% is metabolized
by uridine diphosphate glucoronyl
transferase (UDPGT) in the
liver and gut to the inactive furosemide
gluconide (F-GC).
Of the remainder,

85% is transported by the kidney.
Some 42% is taken up in the S1 segment of
the proximal tubule (PT-S1) and
metabolized to the inactive gluconide,
and the remainder is
taken up by the S2 segment (PT-S2)
and secreted in active form
into the lumen.

Br ] Pharmacol 119:885, 1996



Maximum Doses of Loop Diuretics

Clinical Condition | Dose of furosemide (mg)

intravenous Oral

Renal Insufficiency

Dol 5 80 160

s | @ | w

Data from Brater, DC. Pharmacology of Diuretics. Am. J. Med. Sci. 2000, 319:38-50.
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Safety and Efficacy of Empagliflozin
and Diuretic Use in Patients with Heart
Failure and Preserved Ejection Fraction
A Post Hoc Analysis of the EMPEROR-
Preserved Trial

m Initiation of diuretics Permanent discontinuation of diuretics
40+ 14+
2 35 S 1
9 Placebo 2
2 30 g
£ g
w 25- e
EE‘: Empagliflozin Z2°. 8- .
30 20- i) Empagliflozin
2% 2% 6
55 15 25 Placebo
T 10 T 4
D ©
E 5 E 2
ks 7
- 0
0 90 180 270 360 450 540 630 720 810 900 990 1080 0 90 180 270 360 450 540 630 720 810 900 990
Time, d Time, d
No. at risk No. at risk

Placebo 589 527 500 471 439 390 330 289 239 193 122 74 38 Placebo 2317 2256 2202 2149 2105 1945 1663 1463 1246 1039 794 570
Empagliflozin 590 541 516 491 468 420 354 306 257 199 138 109 47 Empagliflozin 2319 2262 2199 2146 2094 1921 1643 1436 1204 1030 782 531

JAMA Cardiol. 2023;8(7):640-649.d0i:10.1001/jamacardio.2023.1090
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Review Article

Thiazide diuretics 1n advanced chronic kidney disease
Rajiv Agarwal, MD* and Arjun D. Sinha, MD

Indiana University School of Medicine and Richard L. Roudebush Veterans Administration Medical Center, Indianapolis, IN
Manuscript received July 12, 2012 and accepted July 24, 2012

Is There a Preferred Thiazide Diuretic in CKD?

Potency followed a log-linear relationship bendroflumethiazide>chlorthalidone>HCTZ.

At ceiling doses of different thiazides, the maximum reduction in systolic BP
was similar.

Given the higherpotency, long duration of action, and low cost, chlorthalidone
may be preferred to other thiazides.

The number of studies using thiazides in advanced CKD is limited to a handful of patients. Using robust
methodology, the role of thiazide diuretics in those with advanced CKD needs to be explored further.

Nonetheless, existingdata suggest that thiazide diuretics may be useful in causing natriuresis and better
BP control in CKD.
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Chlorthalidone for Hypertension in Advanced Chronic
Kidney Disease

Rajiv Agarwal, M.D., Arjun D. Sinha, M.D., Andrew E. Cramer, B.S., Mary Balmes-Fenwick, M.S.,
Jazmyn H. Dickinson, B.S., Fangqian Ouyang, M.S., and Wanzhu Tu, Ph.D.

Antihypertensive Medications at Baseline
« 60% of patients in each group received loop diuretics

« 99% of patients in each group received angiotensin-
converting—enzyme inhibitors, angiotensin-receptor
blockers, or beta-blockers.

(N=81) +

Chlorthalidone or Placebo
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o 150~
=
g Placebo
a
B 140
=
o F
£ E
-~ E 130+
5 Chlorthalidone
£
- | |
2 120
= 2 After discontinuation
Kl 4
c T T T T "/I 1
0 4 8 12 14
Weeks since Randomization
Mean Change from Baseline
(95% Cl) — mm Hg
Placebo 2.7 (-0.9t0 6.3) 5.1 (1.4 to 8.8) 2.4 (-0.6t0 5.5) 5.3 (1.8 t0 8.8)
Chlorthalidone -9.2 (-12.9 to-5.5) -10.6 (-14.5 to -6.8) -12.6 (-15.8t0-9.5) 7.0 (-10.7 to -3.3)

Difference -11.9 (-17.1 to -6.7) -15.7 (-21.0 to -10.5) -15.1 (-19.4 t0 -10.7) -12.3 (-17.5t0 -7.2)
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Systolic Blood Pressure (mm Hg)

Adjusted Change in 24-Hour Ambulatory Systolic
Blood Pressure from Baseline to 12 Weeks

Mean difference, -10.5 mm Hg; 95% Cl, -14.6 to -6.4; P<0.001

150+
ﬁ\ —0.5 mm Hg
140_‘ J:L ]I’
—-10.5 mm Hg
130+
— Placebo
— Chlorthalidone -11.0 mm Hg
120
ol .
0 12

Weeks since Randomization
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Revisiting diuretic choice in chronic kidney disease

Sehrish Al*®, Sankar D. Navaneethan®"®°
Salim S. Virani®®"', and L. Parker Gregg®®®

Recent evidence supports expanded indications for diuretics in patients with kidney
disease, including chlorthalidone for hypertension in advanced CKD.
Monitoring electrolytes and estimated GFR is critical to ensure patient safety when
prescribing these agents for patients with CKD.

Curr Opin Nephrol Hypertens 2022, 31:406-413




2> N Engl J Med. 2022 Dec 14. doi: 10.1056/NEJMo0a2212270. Online ahead of print.

Chlorthalidone vs. Hydrochlorothiazide for
Hypertension—-Cardiovascular Events

Areef Ishani 1, William € Cushman 1, Sarah M Leatherman 1, Robert A Lew 1, Patricia Woods 1
Peter A Glassman 1, Addison A Taylor 1, Cynthia Hau 7, Alison Klint 1, Grant D Huang T,

Mary T Brophy 1, Louis D Fiore 1, Ryan E Ferguson 1; Diuretic Comparison Project Writing Group

Conclusions: In this large pragmatic trial of thiazide diuretics at doses commonly used in clinical
practice, patients who received chlorthalidone did not have a lower cccurrence of major

cardiovascular outcome events or non-cancer-related deaths than patients who received

hydrochlorothiazide. (Funded by the Veterans Affairs Cooperative Studies Program; ClinicalTrials.gov
number, NCT02185417.).

Copyright © 2022 Massachusetis Medical Society.

he DCP is the first head-to-head comparison of hydrochlorothiazide and
chlorthalidone in a randomized, prospective outcome trial

N engl j med 387;26 nejm.org December 29, 2022
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180 —— Hydrochlorothiazide —— Chlorthalidone - 10

160 Systollc blood pressure

o :z

Mean Systolic Blood Pressure (mm Hg)
o
Mean Potassium Level (mmol liter)

120—
+ +—F—F—F—F—3 |-
100 — Potassiurm level — 3
20— 2
1
60— — 0

] T T T T
Baseline 1 2 3 4 5

Years since Randomization
Patients who received chlorthalidone did not have a lower occurrence of major
cardiovascular outcome events or non-cancer-related deaths than
patients who received hydrochlorothiazide.

n engl j med 387;26 nejm.org December 29, 2022
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Estimated GFR <60 ml/min/1.73 m? — no. (%) 1550 (22.9) 1547 (22.9)

Estimated GFR
=60 ml/min/1.73 m2 843/9660 (9) 1.04 (0.91-1.19)
<60 ml/min/1.73 m? 451/3097 (15) 1.07 (0.89-1.29)

(P,

e . . » |

| | I I | 1
0.5 1.0 15 20 2530

- Lo

Chlorthalidone Better Hydrochlorothiazide Better

n engl j med 387,26 nejm.org December 29, 2022
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Adverse effects of major diuretics

Thiazides Loop diuretics

Skin reactions

Hypercalcemia
Hyponatremia
Hyperlipidemia

GI side effects

Hyperkalemia
Gynecomastia

Spironolactone




Antihypertensive Drug—Induced
Iatrogenic Cardiovascular Syndromes

RicAas G. KALAITTZIDIS AND GEORGE L. BAKRIS

Side Effects Cardiovascular Effects

Thiazides and thiazidelike Hypovolemia Cardiac arrhythmias

diuretics Hypersensitivity Increased ventricular ectopy
(e.g., hydroclorothiazide, Hypokalemia Sudden death
chlorthalidone, indapamide) Hypomagnesemia

Hypercalcemia
Hyperuricemia

Loop diuretics Hypovolemia Cardiac arrhythmias
(e.g., furosemide, torsemide) Hypersensitivity
Dtotoxicity
Hypokalemia

Hypomagnesemia

Potassium-sparing diuretics Hyperkalemia Cardiac arrhythmias
(e.o., spironolactone, Hypotension, Dizziness Wide ORS accelerated rhythm
M enone, amiloride, Headache Sudden death
triamio. MNausea

Beta-blockers (metopromm gld hands and feet Tirednes L e
atenolol, carvedilol, nebivolol) Fatigue Hypotension
Reduced exercise tolerance Low-output cardiac failure
Reduced sexual function Cardiogenic shock
Increased risk of diabetes with all | Prolonged QT interval
except (nebivolol and carvedilol) | Torsade de pointes
Cardiac arrest

RAAS inhibitors (ACE inhibitors, | Hyperkalemia Cardiac arrhythmias
(captopril, enalapril, ramipril, Bradycardia
lisinoprilJARBs, (losartan,
telmisartan, olmesartan) renin
inhibitors] {aliskerin}

Calcium channel blockers Hypokalemia Hypaotension
(ditiazem, verapamil; Hyperglycemia Sinus bradycardia
dihydropyridines) (amlodipine, Oliguric renal failure Atrioventricular block
nifediping) Acute pancreatitis Respiratory Vasodilatory shock

distress syndrome Pulmonary edema

Sinus tachycardia

Alpha-1 blockers Orthostatic symptoms Increased risk of cardiac heart failure
(doxazosin, terazosin)
Central Alpha-2 Agonists Mausea Increased mortality and morbidity
(Moxonidine, clonidine, alpha Allergic skin reaction Greater likelihood of hospitalization for heart
methyldopa) Dry mouth failure and acute myocardial infarction

Rigas G. Kalaitzidis and George L. Bakris, 2018



Antihypertensive Drug—Induced

Iatrogenic Cardiovascular Syndromes
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Hypokalemia induced sudden death in preexisting heart disease J
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