ACIOAOYWVTAC TA PAPUAKOAOYIKA
TTAEOVEKTNMATA KAl TO KAIVIKO
OPEANOC TNC TOPACEMIONC OTOV

VEQPOTTOON aocbevr ye ouvodd
VOO uaTa
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Topaoenidn otnv YnEptaon

Torasemide and electrolytic changes

Conclusions




lotopLKko

Avdpoac nAkiag 65 etwv emiokentetal to NeppoAoyiko latpeio ME

odNMaATa KATW AKPWV

Ao Tto LoToPLKO avadEpel dtayvwopevn vneptaon ano 10etiag vno
aywyn

LOTOPLKO coaKkxapwén diaBntn timov 2 yvwoto ano 10etiac uno
olywyn KE WoouAivn

Juvépopo Brugada pe amwvidwtn (2014)

‘Ekntwon vedplkng Aettovpyioc & Asukwpatovpio




KAwvikn eé€taon

Amo tnv KAk e€€taon (Zwpatiko Bapog 82.5Kg, uog 1.75 m, BMI 26,9 Kg/m2)

O oAoYyLKA EUPAHOTO: OLOAMATA KATW AKPWV

Enineda aptnprakic MNieong :

KaBiotn 6€on Se€l xEpL 178/98mmHg

. aPLOTEPO XEPL 182/101mmHg

YPpiéelc : 78/min




‘G KAwvikn e€€taon

H BuBookomnon £6¢Lée uneptaoikn apdtBAnotpostdbomnabdela otadiov I

2To unepnxoypadnmua tng kapdiac :kAaopa e€wbnonc 50-55%,
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=TTILWOL C . DLKD TEOTOODLO DO olp . (111 ]
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NMARPWONG OPLOTEPNC KOLALOG Bal\Btﬁeq duoloroyikeg, PASP 45 -50mmHg

KapdOLakn avemapkela e StatnpnUeVo KAAopa e€wBnong




(e Epyaotnplakoc EAEyXOG

Yakyapo aipatog 145mg/dl, oupia 148 mg/dl,
kpeatwivn 2.47 mg/dl, oupwko o€v 7.3 mg/dl, vatplo
137 mmol/L, kaAiwo 4.6 mmol/L, TCHOL 145 mg/dl,
TRG 238mg/dl HDL 30 mg/dl, LDL 70 mg/dI

HbALC =7.4%,
V=1400, AeOkwia 24h: 2722mg




e MpoBAnpata tov aacOevi

Avdpac 65 eTwv

Mpwnv KAMVLIGTAG

Ynéptaon xwpic KaAn puduon
Yneptaowkn apdiBAnoctposidonabdeia
Zuvépopo Brugada & HFpEF
Aevkwpatoupia

AvcAuudalpia

Zakyopwdnc dtafRtng

‘Ekntwon vedpikng Asttovpyiag (Kpeatwvivn 2,47 mg/dL nov avtiotoxei oe eGFR 30 mL/min/1.73m?)




DappaKkeUTIKA aywyn Tou acBevi

MepwvdompiAn 5 X1
Amlodipine 5 X1
Bisoprolol 5X 1

Indapamide 1.25 x1

Alopurinol 1501 x1

Insulin
Atorvastatin 20x 1

74100 x1
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@ Eurcpeean Heart jowmal (2013 34, 21592219 ESH AND ESC GUIDELIMNES

EuACrEAn o 10, 309 3 enprhvemrt) foht 151
AR

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)
Loop diuretics

should replace thiazides if serum creatinine is 1.5mg/dL or
eGFR is <30 ml/min/1.73m".

Thiazide-like diuretics are only effec-

Disbetes and Hypertension: e nurartarioe volie and reducng

N POS-ltlon S-t atement by t.he. of 30 mL/min/1.73 m- (86,87). Below an
American Diabetes Association — e ‘

Diabetes Care 2017;40:1273—1284 | https:/Sdoiorg/10.2337/dcil 7-0026 EGFH t}f 3“ mumln;l-?a I'T'I » a I[}ﬂg—i:’ll:tll"lg

loop diuretic, such as torsemide, should

be prescribed instead.



DopUaKEUTIKA aywyn Tou acBevn

Perindopril 10 X1
Amlodipine 10 X1
Bisoprolol 5X1
Indapamide 2.5 x1
Alopurinol 1501 x1
Insulin
Atrovastatin 20 x 1

74100 x1

Perindopril 10 X1
Amlodipine 10 X1
Bisoprolol 5X 1
Indapamide 2.5 x1

Moxonidine 0.4x1

»

Furosemide 40x 2
Alopurinol 150 1 x1
Insulin

Atrovastatin 20 x 1

T4 100 x1

-
ZKEVAOHOTO



Development of
Antihypertensive Therapies

| ————] AmoreAsouarmemvaj—me {11
Avoxn.
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ALoupNTIKA TNG AYKUANG

1959 ot xnuikoi cuveBeoav tnv ¢oupooeidn, n onoia Hropouvce va xopnynbei amo to ctopa

ocuvtopa £YLVE TO SLoupNTLKO TNG EMAOYNAC

Amo OAa ta yvwota SltoupnTiKA ival Ta O LOXUPA, LKAVA val

NPOKAAEOOUV TNV anEKKpion tou 15 -25% tou dinGolpevou vatpiov.




AloupnTKA TNC OYKUANC
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Nephron sites of action of

loop diuretics
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i€ Elsevier 2005, Minneman & Wecker: Brody's Human Pharmacology 4e www.studentconsult.com



lon transport In

loop of Henle

Tubular
lumen MNa
K
2Cl
Ma
Ca

Peritubular

INa capillary

2K

-

The Na-K-ATPase pump in the basolateral (peritubular) membrane pumps sodium (Na) out of
, and potassium (K) into, the cell.
This creates a low intracellular Na concentration, which drives
many of the cell's reabsorptive processes. The energy for this process is provided by the

favorable inward electrochemical gradient for Na (the intracellular Na concentration is very low



KAaopatikn anékkpion Natpiov o puciodoyika atopa o aocOeveic pe XNN

Kol 0€ l0OEVEIG e KaPSLOKN OVENIAPKELQL

The fractional Na+ excretion (FENa)

as a function of plasma loop

diuretic concentration.

20
18 = Mormal with normal subjects, patients
16 Ll 94 B with chronic kidney disease (CKD)
—HF show a rightward shift in the curve
14
owing to impaired diuretic secretion.
% 12 The maximal response
g 10 is preserved when expressed as FENa,
L
L ] but not when expressed as
.
atients with congestive heart failure
4 Pati ith ive h fall
emonstrate a rightward an
2 d igh dand
downward shift, even when
U 0 [I-I1 'I| 'II[I- III]] expressed as FENa, and thus
- are relatively diuretic resistant
A Plasma furomeside (ug/mL)

D

J Pharmacol Exp Ther 215:77, 1980.)




KAWIKA EpwTApOTO TTOU UTTALPXOUV YLOL TOV
OUYKEKPLUEVO TIEPLOTOTLKO

Mowa eivat n kKaAvutepn duvarn
OLVTLHETWTILON TOU acBevn ;




AVTL UTLEPTAOLKA QyWwYN

1" entiokedn 3" eniokePn
MOUNTH

Perindropril 10 X X X
Amlodipine 10 X X §
Indapamide 2.5 X X
Bisoprolol 5 X1 X X X
Furosemide 40 x 2 X X AIAKONH
Moxonidine 0.4x1 X X X
. ]
Torasemide 2X1
10mg
ZAN/AANMMH
g
2 WHLOLTLKO 86 85.6 84.6
Bapog Kg
Ovykog 2800 2400 1800

dtovpnong ml



Avtikataotaon ¢oupooeuldnc armo TopaceLdN
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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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2 UYKPLTLKN GOPUOKOKLVNTLKN

_ ®doupooepidn Boupetavién Topaceuidn

BloStaBeotp. 10-100 80-100 80-100

Enidpaon tpodnc Nouw* Nat OxtL TS

MetaBoAouog 50% vedpol 50% nrop 80% nnap >95% => nepLocotepn

Topaocepidn

Z0vdeon e npwteiveg 95% 97-99% HetadEpeTal oTo
onueio g paong

t % (puolol.) 1,5-2 1 3-4

t % (veppikn SuoA.) 2,8 1,6 4-5

t % (XKA) 2,7 1,3 6

Evapén 6pacng (A.) 30-60 30-60 30-60

Auiixsta Gidoii i-i i-i || i-ii

* Meilwon BlodlaBeoipodtnrag katd 30% av pe/Uetd yevpa

Wargo K, Annals of Pharmacotherapy 2009
* Di Nikolantonio J, Future Cardiology 2012



Furosemide: Dosage Increase vs Torsemide

Toxicity
Furosemide

Effective

10-12 hrs. Range
- - e . 3

Torsemide

Furosemide

Diuretic Excretion Rate

Time



2TOUC aoOevelc pe xpovia VEPPLKN VOOO,
Asukwpatoupio & KopdLOKN AVETIAPKELDL

Aloupnon — Oidnua - Bapoc¢




@ Burpean sl of Faart Faiburs (3016) 18, #9975 ESC GUIDELINES
El e dos 10 1000w 89

2016 ESC Guidelines for the diagnosis and . . - b B ciass 1
treatment of acute and chronic heart failure Patient with sympt.nmat.u: HFrEF c Ve
The Task Force for the diagnosis and treatment of acute and ck -* fass

heart failure of the European Society of Cardiology (ESC)

Therapy with ACE-I© and beta-blocker

Developed with the special contribution of the Heart Failure {UP_- G e m tol PR — d d 5)

BAssociation (HFA) of the ESC

ESC Guidelines 2016:
Therapeutic Algorithm
In Patients with
Symptomatic HFrEF
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and LVEF =35%
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(up-titrate to maximum tolerated evidence-based dose)

ARNI to replace S TP Y need for Ivabradine
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These above treatments may be combined if indicated

4
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Ponikowski P, et al. Eur J Heart Fail
2016;18:891-975



Presenter
Presentation Notes
Mineralcorticoid Ras δε συνιστώνται σε σοβαρή έκπτωση νεφρικής λειτουργίας (stage 4-5) ή όταν το Κ+ είναι υψηλό (>5meq/l)


Nedpikn Aventapkela — Xap/ka ‘tdavikol’
SdloupnTLKOU ayKUANG

@ Avetaptnola GapUAKOKLVNTIKWY WOLOTATWY amo vedplkni Asttoupyia

@D Kapia eEwvedpikn ToflkotnTa, akOpa Kal o€ UPNAEG SOOELG

@ Auénon olupnong vatpiou KoL UYpwv, KOUA KAl 0TO TEALKO oTAdlo

@ Awatripnon 6paoTIKOTNTAC OTNV alpokAdBapon

@ Mn peilwon GFR

@ Oyt Statapaxr NAEKTPOAUTWV Kol aoBECTIOU

@ EAEYXOG TNG OYKOEEAPTWEVNC UTIEPTOONG

Kindler J., Cardiovasc Drups and Therapy 1993



AutAR-tudpAn, 114 acBeveic pe XKA NYHA II-11I, 4 £6.

Ol aoBeveic AapBavav dtoupntika tig tponyoupevec 4 €B6.

Ye aoBeveic pe XKA to Tormis

neyaAltepn peiwon tou Bapouc arno tnv ¢oupoceULdn

AnwAela Bapoug >2,5kgs (%)

76,5
70,6
I I 61,1

Tormis 5 Tormis 10 ®oupooepuidn 40

40mg F

5-10mg T

Stauch M, Stiehl L., Prog Pharm Clin Pharmac 1990; 8*


Presenter
Presentation Notes
Διπλή, τυφλή, ελεγχόμενη μελέτη με 114 ασθενείς με ΧΚΑ και οίδημα. Διάρκεια 4 εβδομάδες 


o.d

40mg F

1,07 ‘

10-20mg T

-2,47

Tormis 10 Tormis 20 Q®oupooeuidn 40

Goebel KM., Clin Ther. 1993; 15*


Presenter
Presentation Notes
Διπλή, τυφλή μελέτη σε 70 ΧΚΑ ασθενείς υπό φουροσεμίδη 40mg o.d. Τυχαιοποίηση σε Tormis 10, Tormis 20 και φουροσεμίδη 40mg. Μέση διάρκεια 43 μέρες. 


®)

a Awoupnon

[ AutAR-tudAn, 13 aoBeveic pe XKA, 3 nuépec. ZuAhoyn oUpwv oto dtaotnua 0-4wpwv, 4-12 wpwv Kat 12-24wpwv ]

2toug oldnuatwdelc acbeveic to EXEL ONUAVTLKA
, Tlou Slapkel 6Ao To 24wpo

Aev apatnpnBnke dtadopad petafl poupooeuidng kat Tormis 10mg

Me tn douvpooeuidbn paAov enavappodAToL VEPO KAl VATPLO UETA TIC 4 WPEC

2p<0,025 40mg F
2p<0,001
o>
=
o
N
B2/
&
° —— - o
Oykog oUpwv Noatplolpnon

B MetafBoAn 24wpou (cuykplon pe placebo)

Scheen AlJ. et al, Eur J Clin Pharmac 1986; 31 (supp)


Presenter
Presentation Notes
Scheen: Διπλή, τυφλή, διασταυρούμενη μελέτη. 13 ασθενείς με ΧΚΑ και οίδημα. Σύγκριση Τορασεμίδης 10mg και 20mg με φουροσεμίδη 40mg επιπρόσθετα της συνήθους αγωγής για 3 ημέρες. Κάθε άλλη διουρητική αγωγή είχε διακοπεί το προηγούμενο 48ωρο. Παρεμβλήθηκε 1 24ωρο με placebo, με το οποίο συγκρίθηκαν τα διάφορα σχήματα στο τέλος του τριημέρου. Η κάθε μέρα χωρίστηκε σε τρεις περιόδους: 0-4 ώρες, 4-12ώρες, 12-24 ώρες, κατά τις οποίες λαμβάνονταν δείγματα ούρων και γίνονταν μετρήσεις. Το ίδιο και στο τέλος του 24ώρου. Εκτιμήθηκαν διάφορες παράμετροι δράσης, όπως η διούρηση, η νατριούρηση, κά καθώς και η επίπτωση στην ΑΠ


Awovpnon

YTouc aoBeveic pe oldnua (kupilwe XKA aAld Kat nmatikn Kippwaon) to Tormis

10-20mg €xeL onUavTkA Loxupotepn enibpacn amno tn ¢oupooeuidn 40mg

lows | oms | omsa |5

Natploupnong X6,9 X9,5 <0,0025
XAwploupnong X 8,2 7,3 <0,0025

Adpketa (wpe) Tormis 20 [ —

Natplolpnong 19,3 10
XAwplovpnong 20 22 13,3

Herchuelz A. et al, Artzneimittel Forschung 1988; 38*


Presenter
Presentation Notes
Herchuelz  (από DiNicolantonio):  Τυχαιοποιημένη, διπλή-τυφλή. 18 ασθενείς με οίδημα (11 λόγω ΧΚΑ, 4 ηπατική κίρρωση, υπόλοιποι corpulmonale). 5 ημέρες.


; Alwovpnon

Me tn 660N twv 2,5Mg Tormis amodevyetaL N avénuevn

vatpLoupnon oToug aobBevelc

Eva peta-dtoupntiko, ‘rebound effect’, elva ocuxvo pe ta pkpAC SLAPKELOLC

dpaonc SLoupnTLKA TNE ayKUANG, OTtwC N doupoceUidn

DiNikolantonio J., Future Cardiol 2012; 8 (5)


Presenter
Presentation Notes
Scheen: Διπλή, τυφλή, διασταυρούμενη μελέτη. 13 ασθενείς με ΧΚΑ και οίδημα. Σύγκριση Τορασεμίδης 10mg και 20mg με φουροσεμίδη 40mg επιπρόσθετα της συνήθους αγωγής για 3 ημέρες. Κάθε άλλη διουρητική αγωγή είχε διακοπεί το προηγούμενο 48ωρο. Παρεμβλήθηκε 1 24ωρο με placebo, με το οποίο συγκρίθηκαν τα διάφορα σχήματα στο τέλος του τριημέρου. Η κάθε μέρα χωρίστηκε σε τρεις περιόδους: 0-4 ώρες, 4-12ώρες, 12-24 ώρες, κατά τις οποίες λαμβάνονταν δείγματα ούρων και γίνονταν μετρήσεις. Το ίδιο και στο τέλος του 24ώρου. Εκτιμήθηκαν διάφορες παράμετροι δράσης, όπως η διούρηση, η νατριούρηση, κά καθώς και η επίπτωση στην ΑΠ


Nedpikn) Avenmapkela - TeAkov otadiou NN

Trastrmen phasa [ Traatmamnt phase 1
101 aoBeveic og aipodiaiuon 2 » 100 mg 2 x 100 mg
TorasarTikde Torasamide

) Zud e, od poo. -
Ztnv évapén: 2 x 2SO Mg 2 = 250 mg i |
Méan UTTOAEIIOpEVN §LoUpPNONC: o e Wash-out | | b oo Wash-out 0 |
1095ml pe topaoeuidn, 1020ml pe pouvpoospuidn & z x Placebo | Z x Placsbo
920ml pe placebo o4 p.o. o2 Po -
Méon k&dBapon KpeaTwivnc: - - 15 A 28 Wook

3,8, 4, 3,1 ml/min avtictoa

[ Sawety [ [T TR T TR AT AP R A AT EAT

% IXETIKA aUENoN UTIOAELTOEVNG SloUupnong TN 12" eBdouada (2150ml/24h)

novo pe 200mg Tormis.
%) Avtomokplon otn Bepaneia: 52% HeTOrMIS, 32% pe doupooepidn

7 Melwon Tou mpLv-tn-61dAucn ocwuatikol Bapoug (oo 68,5 os 66,5k() kat

¢ Al (157/83 og 147/81) tnv 26n €BS6 poévo pe Tormis

Schulz W. et al, Prog Pharmacol Clin Pharmacol 1990; 8 (1)


Presenter
Presentation Notes
Διπλή, τυφλή, τυχαιοποιημένη. Συνολική διάρκεια 28 εβδ. Κύριο καταληκτικό σημείο αποτελεσματικότητας την 12 εβδ ήταν αν η υπολειπόμενη διούρηση στο 24ωρο ήταν ≥150ml. Οι αρχικές τιμές ήταν 1095 για τορασεμίδη, 1020 για φουροσεμίδη, 905 για placebo. 
Το σωματικό βάρος με τη φουροσεμίδη 500 παρέμεινε το ίδιο και η ΣΑΠ αυξήθηκε (150 -> 155)



Goebel KM., Clin Ther. 1993; 15*

e Ano 28 aoBeveic uno poupooeuidn pe Olbnua, oto TEAOC TNC HEAETNG
uovo 5 peta Angn Tormis (5-10mg) eiyav akopa

DiNikolantonio J., Future Cardiol 2012; 8 (5)



Diuretic Resistance



Diuretic Resistance

Up to 30% of the patients with decompensate
HF present with loop-diuretic resistance

A universally accepted definition of loop
diuretic resistance, however, Is lacking




Clinical Diuretic Resistance

Definition

Persistent signs and/or symptoms of congestion and minimal weight loss (<0.5 kg in 24 hours or < 2
kg in 72 hours) often associated with WRF (baseline SCr rise 2 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).

Risk factors

* Hypotension

e Decreased kidney function

» Severe symptoms of ADHF

« 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


Presenter
Presentation Notes
WRF: Επιδείνωση νεφρικής νόσου (worsening renal failure)


Definition of diuretic resistance must consider the age of
the patient

elderly HF patients have been reported to
have a delayed natriuretic response to
diuretics.

With a single dose of intravenous
furosemide at a dose of 1 mg/kg, peak
FeNa occurred at 30 minutes in younger
patients (agel/-40) and at 120 min in the
patients aged 75-80 years




Causes of Diuretic Resistance

Non compliance w drug or dietary sodium
Dose too low

Chronic kidney disease

Aging

Decreased renal blood flow (low CO, hypotension)
NSAIDS

ACE/ARB (complex)




OLLTLEC avTioTaong ota

Slroupntika
CAUSE EXAMPLE
Incorrect diagnosis Venous or lymphatic edema

Inappropriate NaCl or Ausd intake

Inadequate Drug Reaching Tubule Lumen in Active Form

MNonadherence

Dose inadequate or too mfrequent

Poor absorption Uncompensated HF
Decreased RBF HF, arrhosis of hiver, elderly
Decreased functional renal mass AKIL, CED, elderly
Protemnuria

Inadequate Renal Response

Low GFR AKL CED

Decreased effective artenal volume Edematous conditions
Actovanon of EAAS Edematous conditions
MNephron adaptation Prolonged diuretic therapy

NEATDs Indomethacn, aspirin



Mechanism of diuretic

resistance

Cardiac Failure

¥

Loop Diuretic

‘/ Administration \

Inhibition of Negative Sodium
Macula Densa Balance

Hyperaldosteronism Delivery

‘ Secondary ‘ J Distal Sodium

MNatriuretic Dose of

Mineralocorticoid ---------*1

4+==— Thiazide Diuretic

Antagonist Hypertrophy of Distal Nephron;
Increased Expression of NaCl Transporter|

o Mineralocorticoid

Natriuretic Dose of — -

Receptor Antagonist

Mineralocorticoid Antagonist

Loop Diuretic
Resistance
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Clin J Am Soc Nephrol 9: 2147-2163, December, 2014
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Presenter
Presentation Notes
Η χρόνια χρήση των διουρητικών της αγκύλης οδηγεί σε υπερτροφία των κυττάρων του σωληνάριου
, αύξηση της δραστηριότητας  της αντλίας  Na-K-ATPase  και αντίσταση στα διουρητικά 



Pathophysiology

¥ CO
t CVvP

} Plasma albumin

{ RBF and GFR

t RAAS and SNS

OAT, organic anion transporter

Albuminuria

Braking phenomenon

t RAAS and SNS

Mechanisms of loop diuretic resistance

Reduced absorption of loop diuretic

Unable to bind to albumin

Reduced filtration

Proximal Na reabsorption

Organic acids like blood urea nitrogen
competitively bind to OAT, reducing
diuretic _availability in the fubule

Filtered albumin binds to furosemide,
reducing availability at cotransporter

Maaten, et al. et al. Nat Rev Cardiol 2015; 12:184-192


Presenter
Presentation Notes
Mechanisms of loop diuretic resistance. Patients who are resistant to loop diuretics might have reduced absorption of the drug in the intestine, reduced filtration, or increased proximal or distal sodium reabsorption in the kidney, or reduced drug availability in the tubule. Abbreviations: CO, cardiac output; CVP, central venous pressure; GFR, glomerular filtration rate; OAT, organic anion transporter; RAAS, renin–angiotensin–aldosterone system; RBF, renal blood flow; SNS, sympathetic nervous system.


Braking Phenomenon



e Neurohormonal activation — decrease in GFR

« Rebound increase in sodium reabsorption after single
daily dose of diuretic

e Chronic diuretic use results in distal tubular cell
hypertrophy



furosemide, could cause “rebound” sodium retention

due to reabsorption of filtered sodium when there is no
longer a diuretic agent present in the tubular lumen.
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resistance

Several approaches to treat diuretic-resistant are available:

Addition of distal acting thiazide diuretics

Natriuretic doses of mineralocorticoid receptor antagonists

vasoactive drugs

Slow continuous veno-venous ultrafiltration




Management of Diuretic Resistance

1

Loop diuretic

:

Switch loop diuretic

y

Intravenous administration

|

Combination diuretic therapy

Add thiazide and/or mineralocorticoid
receptor antagonist at natriuretic doses

If not tolerated/contraindicated consider:
= Add metolazone

= Add acetazolamide
= Add mannitol

Maaten et al, Nat Rev Cardiol 2015; 12:184-192


Presenter
Presentation Notes
An approach to treating patients with acute heart failure who are diuretic resistant. If a patient with acute heart failure is diuretic resistant, switch to an alternative loop diuretic. If symptoms persist, intravenously administer the drug before attempting a combination of diuretic therapies. In patients who are still diuretic resistant after these steps, alternative therapies might achieve decongestion.


Potential Effects of diuretics on RAAS




Furosemide Activates Neurohormonal Systems

In Heart Failure
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Bayliss et al. Br Heart J. 1987;57:17


Presenter
Presentation Notes
This study shows that in patients with moderate HF, activation of the renin-angiotensin system may occur as a response to diuretic treatment rather than as a result of the disease process alone. Though this study showed that diuretics can significantly improve the clinical status of patients with HF, they also stimulate the renin-angiotensin system.1 
Twelve patients with HF were treated with diuretics, and clinical and neuroendocrine responses were assessed before and after therapy.1
Plasma renin activity and aldosterone were normal in all patients prior to diuretic therapy, but plasma noradrenaline was raised both at rest and on exercise.1 Patients were treated with furosemide 40 mg and amiloride 5 mg.1 
After 1 month:
 Weight was reduced in patients by a mean of 3.5 kg and exercise capacity had �  doubled1
 Plasma renin activity and aldosterone increased significantly both at rest and on �  exercise1
 Plasma noradrenaline fell to normal at rest but remained abnormally raised on �  exercise1 









Reference:
 Bayliss J, Norell M, Canepa-Anson R, Sutton G, Poole-Wilson P. Untreated heart failure: clinical �    and neuroendocrine effects of introducing diuretics. Br Heart J. 1987;57:17-22.


Potential Effects of Torasemide on RAAS ?




Potential Effects of Tor(a)semide on RAAS

Heart Failure \
t+

Inflammation
Cell Death

Systemic Effects

Fibrosis

Hypertrophy
LV Dysfunction

Sodium Retention
Potassium Excretion
Increase ROS
Endothelial Dysfunction
Apoptosis

Cytokine Activation

Atherogenesis
VSMC Growth
Apoptosis
Oxidative Stress

Torsemide

A
- 1
>

Buggey, et al. Am Heart J 2015 ; 169: 323-333


Presenter
Presentation Notes
Heart failure leads to an up regulation of the RAAS. Renin converts angiotensinogen to Ang I, which is converted to Ang II by ACE. Ang II acts on AT1R leading to downstream effects including increasing aldosterone production and secretion, stimulating atherogenesis, VSMC growth, inhibition of apoptosis, increased oxidative stress, and promoting vasoconstriction. Circulating aldosterone acts on local myocardium receptors leading to myocardial inflammation, cell death, fibrosis, hypertrophy, and LV dysfunction leading to heart failure. Aldosterone stimulates sodium retention, potassium excretion, an increase in ROS, endothelial dysfunction, apoptosis, and increased cytokine activation. Torsemide may inhibit the downstream effects of Ang II (A), the secretion of aldosterone from adrenal cells (B), and aldosterone receptor binding (C).
Abbreviations: ACE: Angiotensin converting enzyme; Ang I: Angiotensin; Ang II: Angiotensin II; AT1R: Angiotensin II type 1 receptor; LV: left ventricular; RAAS: renin-angiotensin-aldosterone system; ROS: reactive oxygen species; VSMC: vascular smooth muscle cell .
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Effects of Loop Diuretics on Myocardial Fibrosis
and Collagen Type | Turnover in CHF

Pts with NYHA functional class Il to IV CHF received either 10 -20 mg/day oraI torasem|de (n =19) or 20 to 40 mg/day oral furosemide (n=17), in
addition to standard therapy for 8 months. At baseline a8 aatal endomyocardial biopsies were obtained to quantify collagen

volume fraction (CVF). Serum carboxy-terminal peptide @f procollagen type I (PIP) ang serum carboxy-terminal telopeptide of collagen type | (CITP),
indexes of collagen type | synthesis and degradation, respectively, we casured ny specific radioimmunoassays.

RESULTS
In torasemide-treated patients,|collagen volume fraction (CVF) decreased from 7.96 £0.54% to
4.48 £0.26% (p <0.01), and PIP decreased from 143+7 to 111 +3 g/l (p < 0.01). Neither CVF nor PIP

changed significantly in furosemide-treated patients.
CONCLUSIONS

These findings suggest that Ioop dluretlcs POSSESS dlfferent abilities to reverse

myocardial fibrosis and reduce collagen type | synthesis in patients with CHF.

Lopez, et al. ] Am Coll Cardiol 2004,;43:2028 —-35


Presenter
Presentation Notes
This individually randomized, open-label, parallel-group pilot study was designed to test the hypothesis that the ability of loop diuretics to interfere with cardiac fibrosis in chronic heart failure (CHF) may be different between compounds.
BACKGROUND The apparent mortality and cardiac benefits seen in studies comparing torasemide with furosemide in CHF suggest that torasemide may have beneficial effects beyond diuresis (e.g., on the process of cardiac fibrosis).
METHODS Patients with New York Heart Association functional class II to IV CHF received diuretic therapy with either 10 to 20 mg/day oral torasemide (n =19) or 20 to 40 mg/day oral furosemide (n =17), in addition to their existing standard CHF therapy for eight months. At baseline and after eight months, right septal endomyocardial biopsies were obtained to quantify collagen volume fraction (CVF) with an automated image analysis system. Serum carboxy-terminal peptide of procollagen type I (PIP) and serum carboxy-terminal telopeptide of collagen type I (CITP), indexes of collagen type I synthesis and degradation, respectively, were measured by specific radioimmunoassays.
RESULTS In torasemide-treated patients, CVF decreased from 7.96 ±0.54% to 4.48 ±0.26% (p <0.01), and PIP decreased from 143±7 to 111 ±3 g/l (p < 0.01). Neither CVF nor PIP changed significantly in furosemide-treated patients. In all patients, CVF was directly correlated with PIP (r =0.88, p <0.001) before and after treatment. No changes in CITP were observed with treatment in either group.
CONCLUSIONS These findings suggest that loop diuretics possess different abilities to reverse myocardial fibrosis and reduce collagen type I synthesis in patients with CHF.


Histologic sections of a myocardial biopsy specimen from a patient with chronic heart failure before (upper left panel) and after (upper right
panel) treatment with furosemide. Histologic sections of a myocardial biopsy specimen from a patient before (lower left panel) and after (lower right panel)
treatment with torasemide. (Picrosirius red stain; magnification X 20.) CVF=collagen volume fraction.


Effects of Loop Diuretics on Myocardial Fibrosis

and Collagen Type | Turnover in CHF

Pts with NYHA functional class Il to IV CHF received either 10 -20 mg/day oral torasemide (n =19) or 20 to 40 mg/day oral furosemide (n=17), in addition to standard therapy for 8 months. At
baseline and after 8 months, right septal endomyocardial biopsies were obtained to quantify collagen volume fraction (CVF). Serum carboxy-terminal peptide of procollagen type | (PIP) and
serum carboxy-terminal telopeptide of collagen type | (CITP), indexes of collagen type | synthesis and degradation, respectively, were measured by specific radioimmunoassays.
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Presenter
Presentation Notes
This individually randomized, open-label, parallel-group pilot study was designed to test the hypothesis that the ability of loop diuretics to interfere with cardiac fibrosis in chronic heart failure (CHF) may be different between compounds.
BACKGROUND The apparent mortality and cardiac benefits seen in studies comparing torasemide with furosemide in CHF suggest that torasemide may have beneficial effects beyond diuresis (e.g., on the process of cardiac fibrosis).
METHODS Patients with New York Heart Association functional class II to IV CHF received diuretic therapy with either 10 to 20 mg/day oral torasemide (n =19) or 20 to 40 mg/day oral furosemide (n =17), in addition to their existing standard CHF therapy for eight months. At baseline and after eight months, right septal endomyocardial biopsies were obtained to quantify collagen volume fraction (CVF) with an automated image analysis system. Serum carboxy-terminal peptide of procollagen type I (PIP) and serum carboxy-terminal telopeptide of collagen type I (CITP), indexes of collagen type I synthesis and degradation, respectively, were measured by specific radioimmunoassays.
RESULTS In torasemide-treated patients, CVF decreased from 7.96 ±0.54% to 4.48 ±0.26% (p <0.01), and PIP decreased from 143±7 to 111 ±3 g/l (p < 0.01). Neither CVF nor PIP changed significantly in furosemide-treated patients. In all patients, CVF was directly correlated with PIP (r =0.88, p <0.001) before and after treatment. No changes in CITP were observed with treatment in either group.
CONCLUSIONS These findings suggest that loop diuretics possess different abilities to reverse myocardial fibrosis and reduce collagen type I synthesis in patients with CHF.


Histologic sections of a myocardial biopsy specimen from a patient with chronic heart failure before (upper left panel) and after (upper right
panel) treatment with furosemide. Histologic sections of a myocardial biopsy specimen from a patient before (lower left panel) and after (lower right panel)
treatment with torasemide. (Picrosirius red stain; magnification X 20.) CVF=collagen volume fraction.


Torasemide Reduces Aldosterone Synthase

(CYP11B2) Activity
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Adam, et al. Journal of Molecular and Cellular Cardiology 2015; 85: 140-150


Presenter
Presentation Notes
Abstract
Loop diuretics are used for fluid control in patients with heart failure. Furosemide and torasemide may exert differential effects on myocardial fibrosis. Here, we studied the effects of torasemide and furosemide on atrial fibrosis and remodeling during atrial fibrillation. In primary neonatal cardiac fibroblasts, torasemide (50 μM, 24 h) but not furosemide (50 μM, 24 h) reduced the expression of connective tissue growth factor (CTGF; 65±6%) and the pro-fibrotic miR-21 (44±23%), as well as the expression of lysyl oxidase (LOX; 57±8%), a regulator of collagen crosslinking. Mineralocorticoid receptor (MR) expression and activity were not altered. Torasemide but not furosemide inhibited human aldosterone synthase (CYP11B2) activity in transfected lung fibroblasts (V79MZ cells) by 75 ± 1.8%. The selective CYP11B2 inhibitor SL242 mimicked the torasemide effects. Mice with cardiac overexpression of Rac1 GTPase (RacET),which develop atrial fibrosis and spontaneous AF with aging, were treated long-term (8 months) with torasemide (10 mg/kg/day), furosemide (40 mg/kg/day) or vehicle. Treatment with torasemide but not furosemide prevented atrial fibrosis in RacET as well as the up-regulation of CTGF, LOX, and miR-2, whereas MR expression and activity remained unaffected. These effects correlated with a reduced prevalence of atrial fibrillation (33% RacET + Tora vs. 80% RacET). Torasemide but not furosemide inhibits CYP11B2 activity and reduces the expression of CTGF, LOX, and miR-21. These effects are associated with prevention of atrial fibrosis and a reduced prevalence of atrial fibrillation in mice.



Torasemide reduces CYP11B2 activity. (A–C) Quantification and representative RT-PCR showing the effect of torasemide (Tora, 50 μM, 24 h) and furosemide (Furo, 50 μM, 24 h) treatment in neonatal rat cardiac fibroblasts on the mRNA expression of the mineralocorticoid receptor (MR) and aldosterone synthase (CYP11B2) related to GAPDH, n = 5, p = ns vs. control (C). Effects of treatment with aldosterone (Aldo, 10 nM, 3 h), torasemide (Tora, 50 μM, 24 h) and furosemide (Furo, 50 μM, 24 h) on (D) mineralocorticoid receptor (MR) translocation and (E) mineralocorticoid receptor (MR) activity quantified by luciferase transporter assay, n=5, *p < 0.05 vs. control (C); #p < 0.05 vs. Aldo. (F) Quantification of CYP11B2 activity showing the effect of torasemide (Tora, 50 μM) and furosemide (Furo, 50 μM) treatment in lung fibroblasts (V97MZ cells) deficient of endogenous aldosterone synthase after transfection with human aldosterone synthase, n= 5, *p < 0.05 vs. control (C).
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Loop diuretics
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Loop diuretics
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Potential effects of torsemide on myocardial fibrosis

Torsemide 2S=°
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Presenter
Presentation Notes
Potential effects of torsemide on myocardial fibrosis. Aldosterone, as well as other cytokines, growth factors, and hormones, stimulates
myofibroblasts to synthesize and secrete 2 main collagen precursors within the heart, procollagen type I, and procollagen type III. Procollagen
proteinases are enzymes that process the procollagen into collagen molecules by cleaving the terminal propeptides. The cleaved propeptides of
procollagen type I (PINP and PICP) and procollagen type III (PIIINP and PIIICP) are released into circulation and can be quantified as an indirect
measurement of collagen production. The mature collagen molecules are further processed and eventually form the collagen network responsible
for myocardial fibrosis, subsequently leading to pathologic remodeling, LV dysfunction, and HF. Torsemide is thought to mainly inhibit downstream
collagen synthesis through its inhibition at the level of the aldosterone receptor (A), but torsemide may also decrease the activity of the PCP enzyme,
the procollagen proteinase responsible for cleavage of PICP (B). Abbreviations: PINP, procollagen type I amino-terminal propeptide; PIIICP,
procollagen type III carboxy-terminal propeptide.


Loop diuretics: Renal fibrosis
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Loop diuretics

Proteinuria in diabetic nephropathy
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Chinical trials



Yriéptaon — MeAETEG e

Tormis
Torasemide 2.5mg (n = 47) Torasemide S5mg (n = 50)
start 12 weeks start 12 weaeaks
2ATl 1721 = 16.1 158.2 = 16.2* 1696 + 17.2 159.3 = 13.4*
AAM 101.2 + 3.6 926 + 9.0* 102.2 = 4.0 92.4 + 8.7*
*P<0,05 vs placebo

Avtamnokplon (%)*

46

*AAN<90MmHg | A=10%

mPlacebo mTormis2,5 mTormis5

Achhammer |, Metz P., Drugs 1991; 41 (3)



Torasemide - Hypertension

147 patients

Torasemide 2.5-5
mg

Achhammer |, Metz P., Low dose loop diuretics in essential hypertension, Drugs 1991; 41 (3)



Hypertension

Torasemide 2.5mg vs HCTZ 25mg

HCTZ 25 mg o.d. TORASEMIDE 2.8 mg o.d.
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Torasemide vs thiazides

Study drug and dose Moa. of Duration Initial BP/DBP Decrease in SBP/ Decrease in SBP/

(mg) patients weaks) (mm Hg) DBP {mm Hg) DBP at end-point
before dose (mm Hg)
doubling (weeks)

TS 2.5-5 32 12 166/107 —17/—15 (4) —25—22

IND 2.5-5 34 164/106 —16/—15 (4) —28/—22

TS 2.5 13 189 175/105 —27 [—21

HCT 25 11 177/103 —d 2% —-23

TS 2.5 a B 157 /106 —-13/—14

CHL 25 9 162/106 —15/—15

Flacebo 9 162/103 —2/=1

TS 2.5-5 29 24 165/101 —18/—14 (12) —17/—14

HCT/T 25/50-50/100 29 168/102 —189/—15 (12) —23/—17

TS 2.5 41 12 167 /100 -17/=—13

HCT/T 25/50 43 171102 —21/—14

TS 2.5-5 72 24 168/103 —17/—13 (10) —25/—17

HCT/A 50/5-100/0 71 170/103 =25*/—=16* (10) —-31,/—-18

*P<0,05 vs Tormis

Achhammer |, Metz P., Drugs 1991; 41 (3)
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-13%

Placebo
Tormis
XAwpoBaAldovn

*P<0,01 vs évapén

Tormis 2,5mg XAwpoBaAidovn 25mg 8 wks
2AT AAT]
-2 -1
1A*
15* T g5
*P<0,01
Tormis 2,5mg XAwpoBaAdovn 25mg Placebo

potassium uric acid glucose _ cholesterol
(mmol/L) (mg/di) (mg/di) (mg/dl)
+0.2 +0.1 + 0.0 —B8.0
+= 0.0 +0.2 —6.0 +6.0
—0.7* +1.4* +15.0* +28.0*

Achhammer |, Metz P., Drugs 1991; 41 (3)
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Pathophysiology of BP reduction

& electrolytes disturbances
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Loop diuretics

Aldosterone synthase activity
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The role of mineralocorticoid action in the brain in salt-sensitive

Aldosterone (adrenal/extra-adrenal)

+ Salt

/ ' Sympathetic Drive
A

— — — —3

KIDNEY

Ma + water retention
Blood Velume
Cardiac Output

Inflammation, Necrosis
Fibrosis

4

BRAIN

| Baroreceptor sensitivity
'|' Vasopressinrelease

I' Salt appetite

T Pro-inflammatory cytokines

~N ¥

\ T Blood Pressure

VESSELS & HEART

T Response tovasoconstrictors

T Inflammation, Necrosis
Fibrosis, Hypertrophy

T Pro-inflammmatory cytokines

Remodeling
Vascular occlusion / thrombaosis

Heart & Kidney failure

Aldosterone

acts directly and indirectly upon
on the kidney, heart, vessels
and brain, and in excess
mediates hypertension and
organ failure. In the brain,

aldosterone stimulates sympathetic

drive, vasopressin release, salt
appetite, and pro-inflammatory

cytokines, whereas it

decrease baroreceptor sensitivity.

[ Clin Exp Pharmacol Physiol. 2012 January ; 39(1): 90-95




Potential Effects of Tor(a)semide on RAAS
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Presenter
Presentation Notes
Heart failure leads to an up regulation of the RAAS. Renin converts angiotensinogen to Ang I, which is converted to Ang II by ACE. Ang II acts on AT1R leading to downstream effects including increasing aldosterone production and secretion, stimulating atherogenesis, VSMC growth, inhibition of apoptosis, increased oxidative stress, and promoting vasoconstriction. Circulating aldosterone acts on local myocardium receptors leading to myocardial inflammation, cell death, fibrosis, hypertrophy, and LV dysfunction leading to heart failure. Aldosterone stimulates sodium retention, potassium excretion, an increase in ROS, endothelial dysfunction, apoptosis, and increased cytokine activation. Torsemide may inhibit the downstream effects of Ang II (A), the secretion of aldosterone from adrenal cells (B), and aldosterone receptor binding (C).
Abbreviations: ACE: Angiotensin converting enzyme; Ang I: Angiotensin; Ang II: Angiotensin II; AT1R: Angiotensin II type 1 receptor; LV: left ventricular; RAAS: renin-angiotensin-aldosterone system; ROS: reactive oxygen species; VSMC: vascular smooth muscle cell .
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FIG. 3-3. Some of the factors involved in the control of blood pressure that afftect the
blood pressure = cardiac output = peripheral resistance.
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Diagrammatic representation of mechanisms that increase K+ excretion

by the collecting ducts or partition K+ into

cells during therapy with a thiazide or loop diuretic
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direct renin inhibitors, angiotensin

-converting enzyme

(ACE) inhibitors, angiotensin
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mineralocorticoid

receptor antagonists (MRAs; e.qg.
, Spironolactone), ENaC-blockers
(amiloride or triamterene),

or KCI supplements.
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Dietary sodium chloride and potassium have effects on the
pathophysiology of hypertension in humans and animals™™
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FIGURE 2. Effect of dietary potassium concentrations on the suscep-
tibility to NaCl-induced hypertension in Charles River spontaneously hy-

pertensive rats after 4 wk of diets. BP, blood pressure. n = 20 (low NaCl,
high K). 20 (high NaCl, high K), 20 (low NaCl, normal K). and 33 (high [Am J Clin Nutr 1997;65:606S ]

NaCl, normal K).




The TORIC Study: Mean Serum Potassium Levels
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Presenter
Presentation Notes
Data on serum electrolytes were available in 620 of the 1377 patients included in the analysis. Abnormal potassium levels (<3.5 mΕq/l or  >5 mEq/l) were
reported in a significantly lower proportion of torasemide patients (n=95, 12.9%) than patients receiving furosemide/other diuretics (n=102, 17.9%) (P<0.013)
(normal serum potassium levels 3.5–5.5 mΕq/l). Throughout treatment the mean serum potassium levels were higher in the torasemide group than in the furosemide/other
diuretics group. However, at the end of treatment both the torasemide and the furosemide/other diuretics group showed a significant decrease in the mean serum potassium levels from baseline. Taking into account that only 3% of patients treated with torasemide received potassium supplements vs. 30% of patients treated with furosemide/other diuretic these results suggest that torasemide is associated with a lower incidence of hypokalemia.
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Loop diuretics

Life quality

Average cunmlated mumber of muctions after diuretic intake (global
valuoe over 9 months)

Time after dinretic intake Torasemide Furosemude P value
(m=122) (m=115)

Fiust 3 h 2754214 336215 < 0,001

First 6 h 4 234324 4 852091 <2 0,001

First 12 h 5614+4.17 6.45+3 81 <2 0,001

Mueller, EurJiHeart-Falrll2008
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Torasemide — SGLT2i
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Inhibition of SGLT-2 in the Kidney Leads to Urinary Glucose Excretion in Patients With
Type 2 Diabetes?!?
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SGLT=sodium-glucose cotransporter; GLUT=facilitative glucose transporter. the urine
1. Abdul-Ghani MA et al. Endocr Pract. 2008;14:782-790.
2. Bays H. Curr Med Res Opin. 2009;25:671-681. 107
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Torasemide 1 chronic heart failure: results of the |TORIC studw

Juan Cosinn®, Javier Diez™*, on behalf of the TORIC investgators

e Functional improvement (P=0.00017) and a lower incidence of abnormal serum potassium levels (P=0.013)
were observed in patients receiving torasemide as compared to those receiving furosemide/other diuretics.

The European Journal of Heart Failure 2002;4:507-513



Torasemide in chromic heart failure: results of the | TORIC studwv

Juan Cosinn®, Javier Diez™*, on behalf of the TORIC investgators

e TORIC showed a lower mortality amongst CHF pts treated with torasemide compared to furosemide/other diuretics (P<0.05).

The European Journal of Heart Failure 2002;4:507-513



Torasemide 1n chronic heart failure: results of the| TORIC study

Juan Cosin®. Javier Diez®™*_ on behalf of the TORIC investigators

*Cardiocirculatory Research Unif, Research Cenrer, University Hospirtal La Fe, Valencia, Spain
P ioision of Cardicvascular Pathophyvsiology School of Medicine and Department of Cardiology and Cardiovascular Surgery.
University Clinic, University of Naovarra, Pamplona, Spain
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Presentation Notes
Η μείωση της θνητότητας μπορεί να οφείλεται στην αντι-αλδοστερονική δράση της τορασεμίδης


The TORIC Study: Changes in NYHA Class
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Cosin, et al. European Journal of Heart Failure 2002; 4: 507-513
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Presentation Notes
Torasemide was significantly more efficacious than furosemide/other diuretics in improving NYHA class. The proportion of patients showing a functional improvement
of at least 1 grade in NYHA class was significantly greater in the torasemide group (n=356, 45.8%) than in the furosemide/other diuretics group (n=223, 37.2%) (P<0.00017).  


Tor(a)semide Versus Furosemide in
Acute Heart Failure: the ASCEND-HF Trial

Patients with HF in ASCEND-HF discharged on either torsemide or furosemide. The relation between choice of diuretic at
discharge with 30-day mortality or HF hospitalization and 180-day mortality were assessed. Of 7,141 patients in the trial, 4,177
patients were included in this analysis, of which 87% (n =3,620) received furosemide and 13% (n=557) received torsemide.

Charactenistic Furosemide Torsemide P-Value
(N=3620) (N=557)
Age (years) 65 (54-75) 65 (54-74) 0.34

0.24

Women 1255 (34.7%) 179 (32.1%)
Heart failure history
HF hospitalization within prior year 1476 (40.8%) 239 (42.9%) 0.35
Ischemic etiology 2228 (61.5%) 38 (69.5%) <001
Ejection fraction (%) 30 (20-35) 25 (20-35) 0.025
Ejection fraction >50% 346 (9.6%) 52 (9.3%) 0.87
NYHA Class 0.12
| 77 (2.6%) 8 (1.7%)
1 501 (17.0%) 79 (16.6%)
Il 1572 (53.5%) 238 (50.0%)
A" 791 (26.9%) 151 (31.7%)
Laboratories and imaging
Sodium (mmol/L) 139 (136-141) 138 (135-141) <.001
Creatinine (mg/dL) 1.2 (1.0-1.5) 1.3 (1.1-1.6) 0.002
Blood urea nitrogen (mg/dL) 23 (17-34) 28 (19-39) <.001
Hemoglobin (g/dlL) 12.6 (11.3-13.9) 12.5 (11.2-14.0) 0.54
NT-proBNP (pg/mL) 4307 (2112-8770) 5345 (2661-9315) 0.006
2560 (78.1%) 329 (70.0%) <001

X-ray indicating pulmonary congestion
Baseline medications and devices

Mentz, et al. Am J Cardiol 2016;117:404-411



Presenter
Presentation Notes
Furosemide is the most commonly used loop diuretic in patients with heart failure (HF) despite data suggesting potential pharmacologic and antifibrotic benefits with torsemide. We investigated patients with HF in Acute Study of Clinical Effectiveness of Nesiritide in Decompensated Heart Failure who were discharged on either torsemide or furosemide. Using inverse probability weighting to account for the nonrandom selection of diuretic, we assessed the relation between choice of diuretic at discharge with 30-day mortality or HF hospitalization and 180-day mortality. Of 7,141 patients in the trial, 4,177 patients were included in this analysis, of which 87% (n =3,620) received furosemide and 13% (n= 557) received torsemide. Torsemide-treated patients had lower ejection fraction and blood pressure and higher creatinine and natriuretic peptide level compared with furosemide. 


Comparative Effectiveness of T vs F in Acute HF

IPW Adjusted Kaplan-Meaier Estimated Event Rate

HR 0.55. 85% CI: 0.26-0.87

0.4 P=0.038 -

Eglimatad Event Rate
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Figure. I adjusted” estmaled event rate curves by discharge loop diuretic.
*Adjustnent vanables . countty of randemization, age, previous hospilalization for heart failure,
having 3 gualifving gpisode of WD, baseldis systalic BP, baseline sodaam, and BURMN (log).

Mentz R et al, Circulation 2014



Open-label Randomized Trial of Torsemide
Compared with Furosemide Therapy for Patients
with Heart Failure
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Compared with furosemide-treated pts, torsemide-treated pts were less likely to need readmission for heart failure or
for all cardiovascular causes. Pts treated with torsemide had significantly fewer hospital days for heart failure (P<0.02).
Improvements in dyspnea and fatigue scores from baseline were greater among pts treated with torsemide.

Murray, Am J Med. 2001;111:513-520




Torasemide vs Furosemide

Hospital re-admissions

Torsemide Furosemide yyeight Risk ratio Risk ratio

Study or subgroup Events Total Events Total (%) IV, random (95% CI) IV, random (95% CI)

Murray et al. (2001) [¢8] 23 113 61 121 950 0.40 (0.27—0.61) B

Muller et al. (2003) [35] 2 122 3 115 5.0 0.63 (0.11—3.69) =

Total (95%: CI) 235 236 100.0 0.41 (0.280.61) <

Total events 25 64

Heterogeneity: tau® = 0.00; ¥* =0.23,df =1 (p = 0.63); I = 0% I I I |

Test for overall effect: 2 = 4.39 (p < 0.0001) 0.01 0.1 1 10 100
Favors torsemide Favors furosemide

DiiNicolantonio,; 2012



Dominance of Furosemide for
lLLoop Diuretic Therap}f in Heart Failure

Time to Revisit the Alternatives?

Torasemide vs Furosemide

A Functional status

Torsemide Furosemide Risk Ratio Risk Ratio
Study or Subgroup Events Total Ewvents Total Weight M-H, Random, 95% CI M-H, Random , 95% CI
Cosin 2002 422 776 304 527 40.2% 0.94 [D.B5, 1.04]
Kasama 2006 1 20 11 20 0.4% 0.09 [0.01, 0.64]
Lopez 2007 7 11 6 11 3.2% 1.17 [0.58, 2.35]
Miller 2003 T3 122 80 115 24.6% 0.86 [0.71, 1.04]
TORAFIC 2011 63 77 65 78 31.5% 0.98 [0.85, 1.13]
Total (95% CI) 1008 751 100.00% 0.93 [0.82, 1.06]
Total events 566 466
Heterogeneity: Tau?=0.01; Chi2=7.37,df = 4 (P = 0.12); 12= 46% = ::” l.'l:1 - 1;] - m
Teat for overall effect: £=1.11 (P = 0.27) " Favors Torsemide Favors Furosemide
B Mortality
Torsemide Furosemide Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random. 95% CI M-H, Random. 95% CI
Cosin 2002 17 778 27 527 38.4% 0.43 [0.23, 0.77] -
Murray 2001 18 113 25 121 41.2% 0.77 [0.45, 1.33] -
Mialler 2003 8 122 6 115 20.4% 1.26 [0.45, 3.51] -
Total (95% CI) 1013 763 100.0% 0.68 [ 0.39, 1.18] .
Total events N = 58 i . _ . p
Heterogeneity: Tau®= 0.11; Chi*= 3.87, df = 4 (P = 0.14); I?= 48%: ﬂ-iﬁ 0:1 3 1.0 > EID'

Test for overall effect: Z=1.38 (P = 0.17)

Faveors Torsemide Favors Furgsemide

Bikdeli B . JACC 2013
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AVTL UTLEPTAOLKI aywyn
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Perindropril 10 X X X X X y
Amlodipine 10 X X " 2 X X
Indapamide 2.5 X X 2 2 X
Bisoprolol 5 X1 X X X X X X
Furosemide 40 x 2 X § A'A';OHH X X X
Moxonidine 0.4x1 K
Torasemide 2X1 1X1 1X1 1X1
10mg
SAN/AANMMH
g
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Ertineda AN (ZAMN 126-128/ AAN 80-82)mmHg

Zwpoatiko Bapog 80 Kg - AnwAewa Bapoug 6 kgr

Metd thv xopriynon topacepidng 4 K(Q

Epyaotnplakog EAsyxog: Zakxapo aipatog 88 mg/dl, Oupia 130 mg/dl, Kpeatwvivn 2.56
mg/dl, Oupwo o&u 7.2 mg/dl, vatpro 136 mmol/L, kédAwo 4.1 mmol/L

HbAlc 6.8%.
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