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ENIAHMIOAOTIKA 2TOIXEIA

e 1/3 twv acBevwyv OV €loAyovTaL yia KapdLokn
QVETIAPKELA TIAPOUOLALOUV VEPPLKN OVETIAPKELDL

e OLmapoanavw acBevelc Exouv LeyaAuTepn OLAPKELOL
VOONAELOC, OUXVOTEPEC ELOAYWYEC KAL aUENUEVN
Bvntotnta

e AMN\QA kot a.oBeveic e teAlkoU otadlov vedplLkn
QVETIAPKELA TIEBAVOUV KATA TT0000TO 44% Oro
KapOLayyeLloka altia
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The most common cause of death for those with eGFR,60mI|/min per 1.73m2 was
cardiovascular disease. The unadjusted proportion of patients who died from
cardiovascular disease increased as eGFR decreased (20.7%, 36.8%, 41.2%, and 43.7% of
patients with eGFR>60 [with proteinuria], 45-59.9, 30—44.9, and 15-29.9 ml/min per 1.73

m2, respectively).



Proportional Relationship of eGFR With
Mortality in Cox-Adjusted Survival
Analysis: data from PRIME i
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Relation between renal dysfunction and cardiovascular outcomes after myocardial infarction.
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Figure 2. Kaplan—Meier Estimates of the Rates of Death at Three Years from Any Cause (Panel
A) and of the Cardiovascular Composite End Point (Panel B), According to the Estimated GFR at
Baseline.

N Engl J Med. 2004 Sep 23,;351(13):1285-95.
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v Hans L. Hillege. Circulation. Renal Function, Neurohormonal Activation, and
Survival in Patients With Chronic Heart Failure, Volume: 102, Issue: 2, Pages:
203-210, DOI: (10.1161/01.CIR.102.2.203) Copyright © 2000 by American Heart Association
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2008: Taéwvounon aAAnAenidpoaonc
(kapbdlovedpilko cuvépou0o) o€ 5 TUOUC

2KOTLOG: ALEPEUVNON UTTOKELMEVWV TTOLOOYEVETIKWV
MNXOVIOMWV yia BeAtiwon KAWLKAC dtayvwonc,
nPOAnYnc Kol oTtoxeupEVNC Bepamneiog
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22 Tumog 1
} ofela Kapdlakn avemapkelo odnyel o€ oeia vedpikr BAAPN
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Classification of CRS Based on the Consensus Conference of the Acute Dialysis Quality Initiative

Phenotype Nomenclature Description Clinical Examples
Type 1 CRS Acute CRS HF resulting in AKI ACS resulting in cardiogenic shock and AKI, AHF resulting
in AKI
Type 2 CRS Chronic CRS Chronic HF Chronic HF
resulting in CKD
Type 3 CRS Acute renocardiac AK] resulting in AHF HF in the setting of AKI from volume overload,
syndrome inflammatory surge, and metabolic disturbances in uremia
Type 4 CRS Chronic renocardiac CKD resulting in chronic HF LVH and HF from CKD-associated cardiomyopathy
syndrome
Type 5 CRS Secondary CRS Systemic process resulting in HF | Amyloidosis, sepsis, cirrhiosis

and kidney failure

ACS indicates acute coronary syndrome; AHF, acute heart failure; AKI, acute kidney injury; CKD, chronic kidney disease; CRS, cardiorenal
syndrome; HF, heart failure; and LVH, left ventricular hypertrophy.




Acute kidney injury (AKI): reflect the entire
spectrum of acute renal failure (ARF), recognizing
that an acute decline in kidney function is often
secondary to an injury that causes functional or
structural changes in the kidneys.

ADQI group and representatives from three nephrology societies (ASN, ISN, and NKF) and the
European Society of Intensive Care Medicine met in Vicenza, Italy, in September 2004.



AKI (Acute kidney injury) Definition

AKI Network definition of AKI [5] as one of the

following:

e An increase in serum creatinine by = 0.3 mg/d|
(> 26.5 umol/I) within 48 h

e An increase Iin serum creatinine to =2 1.5 times
baseline within the previous 7 days

e Urine volume £ 0.5 ml/kg/h for > 6 h

Acute Kidney Injury Network: report of an initiative to improve outcomes in acute
kidney injury. Crit Care. 2007; 11(2): R31.


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2206446/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2206446/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2206446/

KDIGO Clinical Practice Guidelines for Acute Kidney Injury

Proposed KDIGO staging of AKI

Stage  Serum creatinine Urine output
1 1.5-1.9 times baseline <0.5 ml/kg/h for 6-12 h
0ar

2.3 mg/dl (226.5 pmol/l) increase

2 2.0-2.9 times baseline <0.5 ml/kg/h for 212 h
3 3 times baseline <0.3 ml/kg/h for 224 h
or or
24,0 mg/dl (2353.6 pmol/l} increase anuria 212 h
or
initiation of RRT
or

in |};1liem.<. <18 yearsa decrease in eGFR
<35 ml/min/1.73 m*

Nephron Clin Pract 2012;120:c179—c184
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National Kidney Foundation. Am J Kidney Dis 2002; 39(2 Suppl 1):51-5266

CKD ( chronic kidney disease ): eGFR< 60 ml/min/1.73m2
and/or albuminuria




Prevalence of cardio-renal syndrome

Post-infarction Acute heart failure
(VALIANT, n=14,527) (ADHERE, n=118,465)

33% of patients 44 | 60% of patients
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Prognostic Significance of Worsening
Renal Function in Patients With ADHF

HF hospitalizations and
CV-mortality—free survival
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== A creatining < 26% andior < 0.3 mg/dL
A creatinine 2 25% and = 0.3 mg/dL
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Days

Patients at risk
Absolute s-Cr change:

<0.3 184 125 79 46 33
20.3 134 82 49 27 21

Metra M. ... Dei Cas Eur J Heart Fail. 2008;10:188-195.




NMAOGODYZIOAOIA NMPOKAHZHZ 2YNAPOMOY

* ALOSUVOLKOL TTOPAYOVTEC

* Mn atpodUVALLKOL TTOPAYOVTEC



ALLOOUVOLULKOL TTAPALYOVTEC

e XapnAn kapdlakn mopoxn
* Auénuevn evéokolAlakn mieon
* Auénuevn kevtpikn pAeBLkn mtieon



Overview of the Cardiovascular System
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e [ava e€aodpaAlcBolv oL OLOLOOTATLIKEC AELTOUPVYLEC
Twv vedppwv Ba rtpemel n RBF (Renal Blood Flow) kait
n vdpootatikn StNONTKNA mieon TPLYoELd WV
OTIELPAUOTOC VA SLtatnpouvtal otabepec



Renal Blood Flow

F = P/R

F = flow; AP = change in pressure; R = resistance. RBF = renal blood flow;
RAP = renal arterial pressure; RVP = renal venous pressure;
Rar = afferent arteriolar resistance; Res = efferent arteriolar resista




Proximal Capsular
convoluted
tubule

Parietal layer of
glomerular (Bowman's) capsule

Afferent

" arteriole
Podocyte

Juxtaglomerular
cell

Efferent

Endothelium of .
arteriole

glomerulus



O unxaviopog tg dtnbnong

H dinBnon ylvetal HEoa 0TO OYYELWOEC OTIELPALOL KOl TIPOY LOLTOTTOLELTALL
AOYW NG LOPOOTATLKNG TILEONC LECO OTO AYYELWOEC OTElpapQL.

TABLE 141
Forces Involved in Glomerular Filtration

FORCE EFFECT MAGNITUDE (mm Hg)
Glomerular Favors faltration

Capillary

Blood

Pressure

Plasma-Tolloid O pposes filtration
Osmotic
Pressure

Bowman's Opposes Aluation
Capsule

Hydrostatic

Pressure

Net Filcration Favors failtration
Pressure

(Difference

between Force

Favoring

Filtration

and Forces 55 — (30 + 15) = 10
Opposing
Filtration)
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GFR = 180 L/HM = 125 mL/min

FILTRATION, REABSORPTION & EXCRETION
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* Yriapyouv evOovePppLkol autoppuOLLOTIKOL
unyoviopot yia dtatnpnon otaBepnc RBF (Renal
Blood Flow) kait ubpootatikng dinBntikng mieonc
TPLYOELO WV OTIELPAUATOC OE METAPOAEC TNC
aPTNPLOKNC TILEONC



Renal autoregulation
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Figure 2.3 Renal autoregulation of renal blood flow and
glomerular filtration rate. If mean arterial blood pressure is in
the range of —-80 to 180 mm Hg, fluctuations in blood pressure
have only marginal effects on renal blood flow and glomerular
filtration rate. This is an intrinsic mechanism and can be
modulated or overridden by extrinsic factors.



ApXLKA O€ amoppuBLLoN KOPOLAKNAC AVETIAPKELOG-UTIOTAON-VEDPLK)
urtodpdevon-peiwon RBF amo avénuevn vedpikn pAeBLkn mieon

Karaotaon Ymoapdeuonc
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Av&non pevivnc-cuomnoon anoywyou aptnpLldlou- avILpPOTILOTLK
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Sdtatpnon GFR




tReff/Raff = 1 P¢. =4:GFR

Psc=glomerular capillary hydrostatic pressure




* Ye ooPBapn amoppuBuion HF kot pewwpevn RBF

|

TIPOOTIELPOLUOLTLKN
QlYYELOCU OTIOLON

$

Meilwon vOPOOCTATIKAC TILEONC
dinOnonc - petwon GFR



KAPAIOKENTPIKO MONTEAO CRS
KapOLaKkn avenapKeLa _ emdelvwon

Mtwon KapSLoKAC TTaPoxNG

U

Yniotaon — MNpovedpLkn UTTOALUATWON

Evepyomoinon RAAS — SNS, Ekkpion AVP

Katokpatnon vypwv — Auénuevo mpodopTLo



Increased Central Venous Pressure Is Associated With Impaired Renal
Function and Mortality in a Broad Spectrum of Patients With Cardiovascular
Disease
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Figure. Curvilinear Relationship Between CVP and eGFR According to Different Cardiac
Index Values

p = 0.0217 for interaction between cardiac index and CVP on the relationship with
eGFR. Solid line = cardiac index <2.5 |/min/m?; dashed line = cardiac index 2.5 to 3.2
|/min/m?2; dotted line = cardiac index >3.2 |/min/m?.

JACC, Volume 53, Issue 7, 17 February 2009, Pages 597-599


https://www.sciencedirect.com/topics/nursing-and-health-professions/cardiac-index
https://www.sciencedirect.com/topics/nursing-and-health-professions/cardiac-index

Increased Central Venous Pressure Is Associated With Impaired Renal
Function and Mortality in a Broad Spectrum of Patients With Cardiovascular

Disease
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Figure. Kaplan-Meier Analysis of Event-Free Survival According to Tertiles of CVP

HR: 1.22 (95% CI: 1.00 to 1.49), p = 0.0466 for CVP 4 to 6 mm Hg; HR: 1.65 (95% ClI: 1.35 to
2.01), p < 0.0001 for CVP >6 mm Hg, both compared with CVP 0 to 3. Cl = confidence interval;
HR = hazard ratio;.

JACC, Volume 53, Issue 7, 17 February 2009, Pages 597-599
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Mn atoSUVOHLKOL TTAPOALYOVTEC
"cardiorenal connectors"

* NEUPOOPUOVLKOL TTAPAYOVTEC
* DAeypovwdeLC TP AYOVTEC



“Cardiorenal connectors”

e Auénon eAeuBepwv pllwv ofuyovou, evooBnAivng,
apyivng, Balompeoivng

* YTMEPUETPN EVEPYOTIOLNGN CUMTIAONTIKOU

* Yrmepuetpn evepyomoinon RAAS

* Alatopayxn Aoyou nitric oxide/reactive oxygen
species

e Auénon dAsypovwdwyv mapayoviwy


https://en.wikipedia.org/wiki/Nitric_oxide
https://en.wikipedia.org/wiki/Reactive_oxygen_species
https://en.wikipedia.org/wiki/Reactive_oxygen_species

“Cardiorenal connectors”

MpokaAoUv SouLKkeC (uTtepTpodia, VEKpWON) Kol
Aettoupylkec BAaPec o puokapdilo - vedppo



Type 3 CRS

e Auénueva emineda TNF-a, IL-1, IL-6 o€ oéela vedplkn
BAaBn npokaAouv KopOLOKATAOTAATIKEC OPACELC,
OTWC MELWON Tou KAAopatoc e€wBnonc tng
apPLOTEPNC KOLALQLC.



Type 4 CRS

e Auénueva enineda FGF-23 (fibroblast growth factor-
23) o€ xpovia VEPPLKN VOOO TIPOKAAEL UTIEpTPOPLaL
TNC OPLOTEPNC KOLALQLC.

FGF23 induces left ventricular hypertrophy. Faul C, et al.
Clin Invest. 2011;121:4393—4408.



Type 4 CRS

INZ . Oupaipia
TPAA Katakpdtn :2 ;ﬁtjr[g[ouf 0datog PTH
Evéobnhakn Suchemoupyia Angll
ApTnpiooKAfipUVEN ApTnplo@hePIKN QVaoTOUWGN ET1
YTep@opTwan meong YIEPPOPTWAON GYKoU
TuykevTpIkr YAK ExkkevTpn YAK Muokapdiakr ivwan

¥ + ¥

ZupgpopnTke kapdiakr avendpkeaa — Alaotohkr| duchetoupyla
Asmouvpyikn oyaipla — AppuBpules — Awpvidiog Bavartog

T

Matapayry avaioylac Tpyosibuv/
KapSIaKWY LUOKUTTAPLWY

Melwaon apBuol tpiyoaduv

Exova 2. Kapdiaxéc allowioeis ae yoovia vegoixij voao.
Zvvrurjoet: Angll: ayyerorevoivy II, ET-1: evdobniivy-1, PTH: aapaBooudvy, ENEZ: cvumabnrzd vevoixd ovorqua,
ZPAA: ovotqua pevivic-ayyeiotevoivs-aldootepdvne, YAK: vaeptoopia apiotepds xodiag.



e Ayyelakn evoéoOnAlakn taon oo mepLPEPLKN
dAeBkn ocupdopnon MPOKAAEL TN LETATPOTI TOU
gvboOnAiov og npodpAeypovwdn pawvotumo. EtoLn
anoocupdopnon oto CRS, €xel emumpocBeTo polo
TEPOAV TWV QLLUOSUVAULKWY 6PACEWV

Venous congestion and endothelial cell activation in acute
decompensated heart failure. Ganda A, et al.
Curr Heart Fail Rep. 2010;7:66-74.



- Codomyopatry | ACUTE CARDIAC INSULT

Janani Rangaswami. Circulation. Cardiorenal Syndrome: Classification,
Pathophysiology, Diagnosis, and Treatment Strategies: A Scientific
Statement From the American Heart Association, Volume: 139, Issue: 16,

Pages: e840-e878, DOI: (10.1161/CIR.0000000000000664) © 2019 American Heart Association, Inc.



AIATNQ2TIKEZ 2TPATHIIKEZ EMNIBEBAIQ2H2
AOMIKQN KAI AEITOYPTIKQN AIATAPAXQN
2TO CRS

BlodeikTec,

Mn emepBatikoUc TPOTTOUC ATIELKOVIONC,
EmepBatikn atpoduvaptkn mapokoAovdnon,
2UUTIANPWHOTLKEC TEXVLKEC LLETPNONG OYKOU.



BIOAEIKTE2

Avoyvwplon Ttpwiuncg kapdlaknc N veppikne BAapnc,
Sladikaoiac emdLopBwonc Kol LLAKPOXPOVIWV
ETUITAOKWV

Mapoxn TPOYVWOTIKWY TTANPodopLWV
ALOXWPLOUOC GOLVOTUTIWV

BonBeLa os oToxeUMEVEC BEPATTEVUTIKEC TIAPEUBACELC



Biomarkers of Renal and Cardiac Injury Based on Site of Origin and Diagnostic and Prognostic Roles in AKI, HF, and CRS

Biomarkers Characteristics/Site of Origin Diagnostic Value | Prognostic Value
Cardiac biomarkers
(I Marker of myocardial injury ACS ACS, HF, CKD
ENP Marker of myocardial stretch HF ACS, CRS HF, CRS
512 Member of IL-1 family of receptors HF, CRS
Galectin-3 B-Galactoside binding lectin (intracellular and HF, CRS

extracellular)




BNP(B-type natriuretic peptide)
NT-proBNP(N-terminal pro-BNP)

e Suayvwon/amnokAeopog HF,
* MPOyvwon/mocotikomnoinon
Baputntoc AHF kat CHF

Suotaon Class 1A “2017 ACC/AHA/HFSA Focused Update of the 2013 ACCF/AHA Guideline for the
Management of Heart Failure”

Auvénuéva enineda oe AHF - CHF - CKD — CRS.

Auvénueva entimeda oe CKD AOyw MELWUEVNC VEDPLKNG
kabopong, xpoviag urtepdoptionc riieonc / oykou o CKD oxetllopevn
LuokapdlonabeLa.

Enineda BNP onpavtika avénpéva o€ tunouv 1CRS CUYKPLTIKA ME
AHF xwpic vedppikn duocAettouvpyia.



ST2 (suppressor of tumorigenicity 3)

Mpwteivn mov napayetat ota evooOnAlaka KutTapa
TNC OPLOTEPNC KOLALAC KOlL TNC 0LOPTNC WC amavinon
O€ UNXaVLKN Ttieon - ouvdEeTal pe vmmodoxea 1L-33
(interleukin-33) ota kapdlopvokuTTOPQ

Euvoel puokapdlokn kKuttaplkn SuoAeLTtovpyla Ko
lvwon

MpoodEpeL MTPOoBeTn aia oTO VATPLOUPNTLKA
nentidla otnv mpoyvwon Bovatwv kot voonAslwv HF
Aev ennpeadletol amo tn vedplkn Asttoupyla

2017 ACC/AHA/HFSA focused update of the 2013 ACCF/AHA guideline for the management
of heart failure: a report of the American College of Cardiology/American Heart Association
Task Force on Clinical Practice Guidelines and the Heart Failure Society of America.
Circulation. 2017;136:e137-e161.



Galectin-3
* AvNKeL otnVv olkoyevela B-galactoside-binding lectin

e JuvtiBevtal ota KopdLlaka pokpodaya, EVW
aAANAeriOpa pE ELOLIKEC EEWKUTTAPLEC TIPWTELIVEC TOU
LLECOKUTTAPLOU LOTOU, OTWC AapLvivn, ouveeivn Ko
IVTEYKPLVEC

* Exouv cuoyetiotel ta avénueva emnimeda opou UE
KapoLayyelakn-oALlkn Bvntotnta, voonAeglec ka
vedpikn duoAettovpyia o HF (mpoyvwotikn agio)

*Prognostic value of galectin-3, a novel marker of fibrosis, in patients with chronic heart
failure: data from the DEAL-HF study. Lok DJ,et al. Clin Res Cardiol. 2010;99:323-328.
*Galectin-3: a novel blood test for the evaluation and management of patients with
heart failure. McCullough PA, et al. Rev Cardiovasc Med. 2011;12:200-210.

*Prognostic value of changes in galectin-3 levels over time in patients with heart failure:
data from CORONA and COACH. van der Velde AR, et al. Circ Heart Fail. 2013;6:219-226.
*Usefulness of plasma galectin-3 levels in systolic heart failure to predict renal
insufficiency and survival. Tang WH, et al. Am J Cardiol. 2011;108:385-390.



YPnAnc evatocOnolac kapOLaKEC TPOTIOVIVEC |
KoL T

AL0lyVWOTLIKOL KoL TPOYVWOoTIKOL delktec og ofU
euppoaypa puokapdiou

Avénueva enimeda cuoyetifovtal UE AUENUEVN
Bvntotnta o€ ofeia amoppuOuULoN KAPSLOKAG
QVETIOPKELAC, QKOO KOLL ATTOUGLA LUOKOPOLAKNC
LOYOLLULLOC 1) UTTOKELEVNC oTEdaVLIALOC VOOOU.

Auvéavovtal o€ peiwon tou GFR kot entipovn avénon
ouoYXETL(eTOL PE AvENUEVN BvnToTNTA

*2017 ACC/AHA/HFSA focused update of the 2013 ACCF/AHA guideline for the
management of heart failure: a report of the American College of Cardiology/American
Heart Association Task Force on Clinical Practice Guidelines and the Heart Failure
Society of America. Circulation. 2017;136:e137—-e161.

*Utility of traditional circulating and imaging-based cardiac biomarkers in patients
with predialysis CKD. Colbert G, et al. Clin J Am Soc Nephrol. 2015;10:515-529.



Mn eneBaATIKOL TPOTIOL OLTTELKOVLONG

EmiBefailwon pAePLkNC cupdopnong Ko
LELWHEVNC KAPOLAKNC TIOPOXNC , TTOU EUTTAEKOVTOLL
otnv maBboyeveon touv CRS

* Hxyokapdéloypadia
* MRI kapéLag



* Hyokapdloypadia

l.  YmoAoywopoc PASP, PCWP/miieon ap. koAmou, LVEF, CO,
E/E’(>15 ovoyetileton pe PCWP>18 mmHg)

Il. Speckle echocardiography with strain analysis: mpwiun
avayvwpLlon Nruwyv dtatapayxwyv tng kapdlakng doung oe
oupaltutkn puokapdlonabela (tumoc 4 CRS) pe
duololoyiko LVEF kat mpoyvwoTtikog deiktng Bvntotnrtog.

Speckle tracking echocardiography detects uremic cardiomyopathy
early and predicts cardiovascular mortality in ESRD. Kramann R, et
al. ] Am Soc Nephrol.2014;25:2351-2365.



 MRI kapbLag

.  Ektipnon SLapETPpWVY, AELTOUPYLKOTNTOC KOl (VWoNG
KOWALWV O€ oupaluLkn puokapdlomabela (tumou 4
CRS).

Il. Avvatotnta yLa SLAKPLon UTTOKALWVLKAC

KOLALokN ¢ SucAeLtoupyiac.

Defining the natural history of uremic cardiomyopathy in chronic kidney
disease: the role of cardiovascular magnetic resonance. Edwards NC, et al.

JACC Cardiovasc Imaging. 2014;7:703-714.



Eneppoatikn atpoduvapukn mopakoAovdnon



e Emepfoatiko, atpoduvapiko monitoring poutivag 6ev
ovviotatal oe AHF, emeldn n peketn ESCAPE bev
£0elte pelwon eite Bvntotntoc €ite EMAVELCOYWYWV
neta 6€€L0 kapdlaoko KaBeTnpLacHO.

Evaluation study of congestive heart failure and pulmonary artery catheterization
effectiveness: the ESCAPE trial. Binanay C, et al. JAMA. 2005;294:1625-1633.



* Post hoc avaAuon tnc ESCAPE £6eLée otL n
OTPATNYLKN TOU KABETNPLACHUOU TNC NMVEUUOVLIKNC
aPTNPLOC CUOXETLOTNKE UE ULKPOTEPN LECN avénoN
NG Kpeatvivng, aAAd O&V LELWOE TNV EMUTTWON TNG
eTldelvwonc TNg vedpplkng dtatopayng KATa In
SLapKeL TNC VoonAelag ovute emedpace otn VEDPLKN
AELtoupyia peTa TNV £€000, CUYKPLTLKA LLE OV TNV
KALVLKI €KTLUNON.

Cardiorenal interactions: insights from the ESCAPE trial. Nohria A, et al.
J Am Coll Cardiol. 2008;51:1268-1274.



* Map’ OAo auTd 0 KABETNPLOCUOC TNC TIVEU LLOVLKNC
apTNPLaC TTapapEVEL yyunon yia acBeveic pe CRS mou
elval SUokoAo va Beparmeutouy, yLa SLaKPLON Kall
Beparmeia UTTOKAWVIKAC cupdopnonc, Evw odnyel os
armoduyn ayyelakng UMOTIANPWONC KoL O TPOTOTOoLNoN
ALLOOUVALKAC YLa va BEATLWOEL TN AELTOUpYLA KL TWV
SU0 opyavwv.

e 2uvnOn oxetka cevapla epAappavouv vmodLayvwaon
EVOYWV OLLOOUVOULKWY CUVTEAECTWYV OTIWC TIVEU LOVLKNG
uTtEpTaonc N kapdloyevouc shock, vmoektipnon
BaABLOknc SuoAettovpylac OMWE UITPOELOLKNC
QVETIOPKELOC 1 TPLYAWXLVLKNC OVETIOPKELOC KOl akpLBn
eKTipnon umtepdoptionc oykou n de€Lac kapOLakng
QVETIOPKELOLC.



e O Aoyoc RA/PCWP avtavakAd pia Suoavaioyn
avénon Twv RV mieoswv npoc Tic LV nieoelg, kat ival
avtlotpodwc avaloyoc pe eGFR oe aoBeveic pe AHF.

A disproportionate elevation in right ventricular filling pressure,

in relation to left ventricular filling pressure, is associated with renal
impairment and increased mortality in advanced decompensated heart
failure. Grodin JL, et al. Am Heart J. 2015;169:806—-812.



ZUMITANPWHOTLIKEC TEXVIKEC LETPNONG OYKOU

AvaAuon avuopoatoc Broavtiotaonc (Bioimpedance
Vector Analysis-BIVA)

Méetpnon IAP (intra-abdominal pressure)
2UOKEVEC TtopakoAoUONoNC OXETIKOU OYKOU QLLOTOC

ELpuTEVOLUEC CUOKEUEC ALLOOUVOULKNG LETPNONG



OEPANEYTIKEZ 2TPATHIKEZ 2TO CRS



OEPAMEIEZ ANNOZYM®OPH2ZHZ

1. Aloupntika
2. AwuokaBapon



AIOYPHTIKA



e Akpoywvioioc AiBoc otnv Beparmeia tov tunov 1 CRS
elval N arroouu@opnon tTnS KUKAo@opiog Kuplwc UE
NV Xpnon SLoupnNTKwV Kol G€ TTIOAU ULKPOTEPO
BaOuo pe umtepdnOnon.



2XETIKA LE TA SLOUPNTLKO TPOTLUWVTOL EKELVOL TOU
TUMTOU TG AYKUANG, omtwe n doupooeuidn kal n
TOPAOEULON, HE TNV TEAEUTALA VO TTPOTLUATOL AOYW
KaAAUTEPOU dapakoAoyLlkoU TipodiA
(BlodLaBeoipotnta, xpovoc NUIWNAC, NTTILOTEPN
KaAloupla).



[MpoodEpouv apeon avokoudlon Ao To
cupnTwpata, aAAd 6ev Exouv
Bpayxurnpobeopun n pokpompoBeoun wpeAeLa
oTn BvnToTnTa ) OTLC EMAVOVOONAELEC

Aev vrtootnpilovtat amno dedopeva Peyaiwv
KAWVLKWV LEAETWV

Exouv cvotaon kKAaonc | yia xpnon otn HF,
LLOVO aTtO TN YVWMN ELOKWV

AlovpnTika aykUANC (dtoupnTtika eKAoync o€
HF): doupooeuidn, Boupetavidn, topaceuidn,
£0KPUVLKO 0&U



Avaotelouvv No+K+2Cl- ouppetadopea oto
oYU avLOV oKEAOC TNG aykUANG tou Henle kaut
£TOL TTPOKAAOUV vaTploupnon Kol amwAEeLa
OYKOU O€ OLONMOTWOELC KATAOTAOELC, OTIWC N
HF.

AlapkeLla Opaonc 2-3 WPEC EwWC 6 WPEC yLa
xopnynon iv bolus ko oral avtiotowa

BlodlaBeoipotnta pouvpooeuidnc: 50% oral-
100% iv N} sc

Topaoeuidn: pakpuTEPO XPOVO NUL{WNC-TILO
nipoPAsPun oral flodlaBeoipotnta



 DOSE-AHF trial (Diuretic Optimization Strategies
Evaluation in Acute Heart Failure)

308 agUeveic ue AHF

.  AlaAeimovoa Evavtl cuveXouc xopnynong
douvpooeUidNC: OEV UTINPXE OTATLOTLIKAL

onUovTIkn Stadopad o€ CUUMTWHOTO 1] AANOLYEC
NS vedplkng Aettoupyiac (emimtwon tumou |

CRS)

II.  XapnAn 66on dtouvpntikou (iv Looduvapn tng
Kat' olkov 6oonc per os) evavtt uPnAnc doonc
dloupnTtikou (2,5 dopEc iv TNV Kat’ olkov booncg per
0s): Taon peyaAutepnc whEAELOC OTO CUUTTTWLOTO
oTLc uPnAeg 6OOELG, YwpLc onuavTikn Sladopa OTLC
aAAayEC TNC veEPPLKNC AetToupyilac ot SU0 OpAOEC




Diuretic Strategies in Patients With Acute Decompensated Heart Failure

G Michael Felker 1, Kerry L Lee, David A Bull, Margaret M Redfield, Lynne W Stevenson, Steven R
Goldsmith, Martin M LeWinter, Anita Deswal, Jean L Rouleau, Elizabeth O Ofili, Kevin J Anstrom, Adrian F
Hernandez, Steven E McNulty, Eric J Velazquez, Abdallah G Kfoury, Horng H Chen, Michael M Givertz, Marc
J Semigran, Bradley A Bart, Alice M Mascette, Eugene Braunwald, Christopher M O'Connor, NHLBI Heart
Failure Clinical Research Network

Abstract

Background: Loop diuretics are an essential component of therapy for patients with acute decompensated
heart failure, but there are few prospective data to guide their use.

Methods: In a prospective, double-blind, randomized trial, we assigned 308 patients with acute
decompensated heart failure to receive furosemide administered intravenously by means of either a bolus
every 12 hours or continuous infusion and at either a low dose (equivalent to the patient's previous oral
dose) or a high dose (2.5 times the previous oral dose). The protocol allowed specified dose adjustments
after 48 hours. The coprimary end points were patients' global assessment of symptoms, quantified as the
area under the curve (AUC) of the score on a visual-analogue scale over the course of 72 hours, and the
change in the serum creatinine level from baseline to 72 hours.

Results: In the comparison of bolus with continuous infusion, there was no significant difference in
patients' global assessment of symptoms (mean AUC, 423611440 and 437311404, respectively; P=0.47) or
in the mean change in the creatinine level (0.051£0.3 mg per deciliter [4.44£26.5 umol per liter] and
0.07£0.3 mg per deciliter [6.2£26.5 pmol per liter], respectively; P=0.45). In the comparison of the high-
dose strategy with the low-dose strategy, there was a nonsignificant trend toward greater improvement in
patients' global assessment of symptoms in the high-dose group (mean AUC, 4430£1401 vs. 4171+1436;
P=0.06). There was no significant difference between these groups in the mean change in the creatinine
level (0.08+0.3 mg per deciliter [7.1+£26.5 pmol per liter] with the high-dose strategy and 0.04+0.3 mg per
deciliter [3.5+£26.5 umol per liter] with the low-dose strategy, P=0.21). The high-dose strategy was
associated with greater diuresis and more favorable outcomes in some secondary measures but also with
transient worsening of renal function.

Conclusions: Among patients with acute decompensated heart failure, there were no significant
differences in patients' global assessment of symptoms or in the change in renal function when diuretic
therapy was administered by bolus as compared with continuous infusion or at a high dose as compared
with a low dose. (Funded by the National Heart, Lung, and Blood Institute; ClinicalTrials.gov
number,NCT00577135.).
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Mean Change in Serum Creatinine LevelThe mean change in the serum creatinine level over the course of the 72-hour study-
treatment period is shown for the group that received boluses every 12 hours as compared with the group that received a continuous
infusion and for the group that received a low dose of the diuretic (equivalent to the patients' previous oral dose) as compared with
the group that received a high dose (2.5 times the previous oral dose). To convert the values for creatinine to micromoles per liter,
multiply by 88.4.

N Engl J Med. 2011 Mar 3; 364(9): 797-805.
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A Bolus vs. Continuous Infusion B Low-Dose vs. High-Dose Strategy
1.0 Hazard ratio with continuous infusion, 1.15 109 Hazard ratio with high-dose strategy, 0.83 (95% Cl,
0.9 (95% Cl, 0.83-1.60) 0.94 0.60-1.16)
P=0.41 P=0.28
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Kaplan—Meier Curves for the Clinical Composite End Point of Death, Rehospitalization, or Emergency Department VisitKaplan—Meier curves
are shown for death, rehospitalization, or emergency department visit during the 60-day follow-up period in the group that received boluses
every 12 hours as compared with the group that received a continuous infusion (Panel A) and in the group that received a low dose of the
diuretic (equivalent to the patients' previous oral dose) as compared with the group that received a high dose (2.5 times the previous oral
dose) (Panel B).

N Engl J Med. 2011 Mar 3; 364(9): 797-805.
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* DIUR-AHEF trial (Loop Diuretic Therapy in
Decompensated Heart Failure)

92 aoUeveic ue AHF
|.  Bolus nn ocuvexnc eyxvon dtoupntikou

Il. EA€yxOnkav aAAayec BNP, kpeativivne kot GFR otn
voonAeia kat voonAeia-Bvntotnta otouc 6 Ynvec.
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ueyaAutepn peiwon BNP, aAAd peyaAUTEPEC
dlatapayxeg o€ Kpeatwivng kat GFR. Emiong
LEYAAUTEPN CUXVOTNTA ETIALVOLVOONAELWV KO
Bavatou otouc 6 UnNvec.




Continuous versus bolus intermittent loop diuretic infusion in acutely
decompensated heart failure: a prospective randomized trial
Alberto Palazzuoli, et al.
Critical Care volume 18, Article number: R134 (2014)

Abstract
Introduction

* Intravenous loop diuretics are a cornerstone of therapy in acutely decompensated heart
failure (ADHF). We sought to determine if there are any differences in clinical outcomes
between intravenous bolus and continuous infusion of loop diuretics.

Methods

. Sub{ects with ADHF within 12 hours of hospital admission were randomly assigned to
continuous infusion or twice daily bolus therapy with furosemide. There were three co-
primary endpoints assessed from admission to discharge: the mean paired changes in serum
creatinine estlmatedflomerular_flltratlon rate (eGFR), and reduction in B-type natriuretic
Beptlde (BNP). Secondary endpoints included the rate of acute kidney injury (AKI), change in

ody weight and six months follow-up evaluation after discharge.

Results

 Atotal of 43 received a continuous infusion and 39 were assigned to bolus treatment. At
discharge, the mean change in serum creatinine was higher (+0.8 + 0.4 versus - _
0.8 0.3 mg/dl P <0.01), and eGFR was lower (-9 + 7 versus +5 + 6 mI/mln/51,73 m2P <0.05) in
the continuous arm. There was no significant difference in the degree of weight loss (- =~
4.1 £1.9 versus -3.5+ 2.4 kg P=0.23). The continuous infusion arm had a greater reduction in
BNP over the hospital course, (-576 £ 655 versus -181 + 527 pg/aml P =0.02). The rates of AKI
were comparable (22% and 15% P = 0.3) between the two groups. There was more frequent
use of hypertonic saline solutions for hyponatremia (33% versus 18% P <0.01), intravenous
dopamine infusions (35% versus 23% P =0.02), and the hospital Ien%th of stay was longer in
the continuous infusion group (14. 3 £ 5 versus 11.5 + 4 days, P <0.03). At 6 months there
were higher rates of re-admission or death in the continuous |nfu$|ondgrqup, 58% versus
23%, (P= 0._0012 and this mode of treatment independently associated with this outcome
after adjusting for baseline and intermedjate variables (adjusted hazard ratio =2.57, 95%
confidence interval, 1.01 to 6.58 P = 0.04).

Conclusions

* Inthe settlncF of ADHF, continuous infusion of loop diuretics resulted in greater reductions in
BNP from admission to discharge. However, this appeared to occur at the consequence of
worsened renal filtration function, use of additional treatment, and higher rates of
rehospitalization or death at six months.



https://link.springer.com/article/10.1186/cc13952?shared-article-renderer
https://link.springer.com/article/10.1186/cc13952?shared-article-renderer
https://link.springer.com/article/10.1186/cc13952?shared-article-renderer
https://link.springer.com/journal/13054
https://link.springer.com/journal/13054
https://link.springer.com/journal/13054

1,04

0.5+

Laminms
hifiesion

0.5+
Baolis

Survival

ol p =0.001

0.2-

0.0

L=
1

Days

Kaplan Meier curves for the risk of rehospitalization or death at 180 days in those randomized
to continuous (solid line) and bolus loop diuretics (broken line).




Intensification of Medication Therapy for Cardiorenal Syndrome in Acute
Decompensated Heart Failure

e Justin L. Grodin, MD,? Susanna R. Stevens, MS,® Lisa de las Fuentes, MD, MS,¢ Michael
Kiernan, MD,9 Edo Y. Birati, MD,* Divya Gupta, MD,f Bradley A. Bart, MD,8 G. Michael Felker,
MD," Horng H. Chen, MD,' Javed Butler, MD, Victor G. Davila-Roman, MD,¢ Kenneth B.
Margulies, MD,® Adrian F. Hernandez, MD," Kevin J. Anstrom, PhD,? and W. H. Wilson Tang,
Md?

Abstract

Background

*  Worsening renal function in heart failure may be related to increased venous congestion,
decreased cardiac output, or both. Diuretics are universally used in acute decompensated
heart failure, but they may be ineffective and may lead to azotemia. We aim to compare the
decongestive properties of a urine output-guided diuretic adjustment to standard therapy for
the management of cardiorenal syndrome in acute decompensated heart failure.

Methods

 Data were pooled from subjects randomized to the stepwise pharmacological care algorithm
(SPCA) in the CARRESS-HF trial and those who developed cardiorenal syndrome (rise in
creatinine >0.3 mg/dL) in the DOSE-AHF and ROSE-AHF trials. Patients treated with SPCA
(n=94) were compared to patients with standard decongestive therapy (SDT) that included
intravenous loop diuretic use (DOSE-AHF and ROSE-AHF, n=107) at the time of cardiorenal
syndrome and followed for net-fluid balance, weight loss, and changing renal function.

Results

 The SPCA group had higher degrees of jugular venous pressure (p<.0001) at the time of
cardiorenal syndrome. The group that received the SPCA had more weight change (-3.4+5.2
Ibs) and more net fluid loss (1.705+1.417 L) after 24 hours than SDT (-0.8%3.4 |bs and
0.892+1.395 L, respectively; p<0.001 for both) with a slight improvement in renal function
(creatinine change -0.1+0.3 vs. 0.0+0.3 mg/dL, respectively; p=0.03).

Conclusions
« Compared to SDT, patients who received an intensification of medication therapy for treating

persisting congestion had greater net-fluid and weight loss without being associated with
renal compromise.
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Figure 1. Consort Diagram of the Two Treatment Groups Derived from the 3 TrialsAbbreviations: CARRESS-HF, Cardiorenal
Rescue Study in Acute Decompensated Heart Failure; DOSE-AHF, Diuretic Optimization Strategies Evaluation Acute Heart Failure;
ROSE-AHF, Renal Optimization Strategies Evaluation in Acute Heart Failure; SPCA, stepwise pharmacological care algorithm; and
CRS, cardiorenal syndrome.
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Figure 2. The Urine Output-Guided Stepwise Pharmacological Care Algorithm for Diuretic Adjustment *Presence of persisting
volume overload tDopamine or dobutamine at 2 pg/kg/min if SBP < 110 mmHg and LVEF<40% or RV systolic dysfunction; or
nitroglycerin of nesiritide if SBP > 120 mmHg (any LVEF) and severe symptoms. Hemodynamic guided iv therapy left ventricular
assist device, dialysis, or ultrafiltration cross over
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Figure 3. Changes in Decongestion and Renal Function Changes during Decongestive Therapies for Cardiorenal Syndrome P-value
calculated via ANOVA for weight change and fluid loss. P-value calculated via linear regression with adjustment for the baseline value
at time of cardiorenal syndrome diagnosis for creatinine and blood urea nitrogen. Abbreviation: SPCA: stepwise pharmacological care
algorithm and BUN: blood urea nitrogen.



Worsening Renal Function in Patients With Acute Heart Failure Undergoing
Aggressive Diuresis Is Not Associated With Tubular Injury. Tarig Ahmad, MD,

MPH?*, et al.

BACKGROUND—Worsening renal function (WRF) in the setting of aggressive diuresis for acute heart failure
treatment may reflect renal tubular injury or simply indicate a hemodynamic or functional change in
glomerular filtration. Well-validated tubular injury biomarkers, N-acetyl-B-Dglucosaminidase, neutrophil
gelatinase-associated lipocalin, and kidney injury molecule 1, are now available that can quantify the
degree of renal tubular injury. The ROSE-AHF trial (Renal Optimization Strategies Evaluation—Acute Heart
Failure) provides an experimental platform for the study of mechanisms of WRF during aggressive diuresis
for acute heart failure because the ROSE-AHF protocol dictated high-dose loop diuretic therapy in all
patients. We sought to determine whether tubular injury biomarkers are associated with WRF in the
setting of aggressive diuresis and its association with prognosis.

METHODS—Patients in the multicenter ROSE-AHF trial with baseline and 72-hour urine tubular injury

biomarkers were analyzed (n=283). WRF was defined as a 2 20% decrease in glomerular filtration rate
estimated with cystatin C.

RESULTS—Consistent with protocol-driven aggressive dosing of loop diuretics, participants received a median
560 mg IV furosemide equivalents (interquartile range, 300—815 mg), which induced a urine output of
8425 mL (interquartile range, 6341-10 528 mL) over the 72-hour intervention period. Levels of N-acetyl-B-
D-glucosaminidase and kidney injury molecule 1 did not change with aggressive diuresis (both P>0.59),
whereas levels of neutrophil gelatinase-associated lipocalin decreased slightly (-8.7 ng/mg; interquartile
range, -169 to 35 ng/mg; P<0.001).WRF occurred in 21.2% of the population and was not associated with
an increase in any marker of renal tubular injury: neutrophil gelatinase-associated lipocalin (P=0.21), N-
acetyl-B-Dglucosaminidase (P=0.46), or kidney injury molecule 1 (P=0.22). Increases in neutrophil
gelatinase-associated lipocalin, N-acetyl-B-D-glucosaminidase, and kidney injury molecule 1 were
paradoxically associated with improved survival (adjusted hazard ratio, 0.80 per 10 percentile increase;
95% confidence interval, 0.69—0.91; P=0.001).

CONCLUSIONS—Kidney tubular injury does not appear to have an association with WRF in the context of
aggressive diuresis of patients with acute heart failure. These findings reinforce the notion that the small
to moderate deteriorations in renal function commonly encountered with aggressive diuresis are
dissimilar from traditional causes of acute kidney injury.

Circulation. 2018 May 08; 137(19)
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avénuevo kivbuvo enavavoonAelwyv peta HF kal
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Ultrafiltration in Decompensated Heart Failure with
Cardiorenal Syndrome. Bradley A. Bart, et al.

N Enal J Med. 2012 Dec 13;367(24):2296-304.
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* AVAUECO OTLC VEUPOOPOVOTPOTIOLNTLKEC
aywyec, Beon €xouv n toABarmtavn
(avtaywviotnc ADH) kot n veolptidn
(avaouvbuaopEVO VOTPLOUPNTIKO TIEMTIOLO)
LLOVO OE TIEPLOPLOMEVO OPLOUO KALVLKWV
KOTOLOTAOEWV.
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Artouvota ADH

University of lllinois at Chicago

ArteAeuBepwvetal oTov UTTOBAAAO O KATAOTACELC AUENHEVNC WOUWTIKOTNTAC OpOoU,
HELWHEVOU KapblakoU Seiktn i uTtooykaLuiag.
88
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ANTATQNI2ZTE2Z BAZONPEZINH2

ToABamtavn : eKAEKTIKOC avtaywvilotnc V2 vrtodoxea tnG
Balompeoivng (vasopressin V2 receptor blocker), mpokaAei
rnoAvoupla xwplc anwAsta Na.



Effects of Oral Tolvaptan in Patients
Hospitalized for Worsening Heart
Failure. The EVEREST Outcome Trial

JAMA, March 28, 2007—Vol 297, No. 12



4202 Patients Screened

2072 Assigned to Receive Tolvaptan

465 Discontinued Study
226 Withdrew Consent
137 Adverse Evenis
81 Investigator Decision
21 Other

1607 Completed Study (Through Death
or End of Study)

]

2072 Included in Primary Efficacy Analysis

2063 Included in Safety Analysis
9 Excluded (Did Mot Receive at Least 1
Dose of Study Drug)
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2061 Assigned to Receive Placebo

441 Discontinued Study
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Dose of Study Drug)




All-Cause Mortality Cardiovascular Mortality or Heart Failure Hospitalization
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Efficacy and Safety of Tolvaptan in
Patients Hospitalized With
Acute Heart Failure (TACTICS-HF)

JAm Coll Cardiol. 2017 Mar 21;69(11):1399-1406.
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CENTRAL ILLUSTRATION: Tolvaptan in Acute Heart Failure

A. Change in Weight During Treatment with Tolvaptan or Placebo B. Responders at 24 h: Primary Endpoint
il p=032
20%-
Baseline 24h 48h 7h : =
21 I
2o 10%-
% -2 5%
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£
o N Y I
)
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; Improvement at 8 h 28% 25% 0,59
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- Placebo -m-Tolvaptan improvement at 24 h
No Rescue Therapy
within 24 h 82% 79% 0.57
Alive at 24 h 100% 100%

Felker, G.M. et al. J Am Coll Cardiol. 2017;69(11):1399-406.




Short-Term Effects of Tolvaptan in
Patients With Acute Heart Failure
and Volume Overload (SECRET)

J Am Coll Cardiol. 2017 Mar 21,;69(11):1409-1419.
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CENTRAL ILLUSTRATION: Dyspnea Responses and Body Weight Changes
With Tolvaptan

A Likert dyspnea scale responses over 3 days
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NATPIOYPHTIKA MNENTIAIA



Av kol ot acBeveic pe AHF €xouv avénueva
VOTPLOUPNTIKA TTETTIOLAL OL AYYELOOLAOTAATLKEG KOLL
VaTpLoupnTLKEC Spacelc TtnC evdoyevoug
AMeEAEUBEPWONC AUTWV TWV OUCLWV OEV ELVOL OLPKETEC

yLa vo. uTtepkaAUPouv TIC AlOOUVALKEC OPAOELC TWV
AAAWV VEUPOOPUOVWV.



H veolpttidn eival eva avacuvouaopevo BNP pe
bAEPLKA, apTNPLOKA KoL oTEdOVLIAiO OYYELOSLOOTAATLKO
XOPOAKTNPLOTLKO TTOU UELWVEL TO LETADOPTLO KoL
AUEAVEL TNV KApSLOK TTAPOXN XWPLC LVOTPOTILKEC
dpaoelc.

Entlonc mpokaAel vatploupnon, PeAtiwvel to GFR kait
KataoTEAAEL Tov aéova RAAS.




Effects of Nesiritide and Predictors of Urine Output in
Acute Decompensated Heart Failure: Results From
ASCEND-HF (Acute Study of Clinical Effectiveness of
Nesiritide and Decompensated Heart Failure)



Effect of Nesiritide in Patients with Acute Decompensated Heart Failure

BACKGROUND Nesiritide is approved in the United States for early relief of dyspnea in patients with acute
heart failure. Previous meta-analyses have raised questions regarding renal toxicity and the mortality
associated with this agent.

METHODS We randomly assigned 7141 patients who were hospitalized with acute heart failure to receive
either nesiritide or placebo for 24 to 168 hours in addition to standard care. Coprimary end points were the
change in dyspnea at 6 and 24 hours, as measured on a 7-point Likert scale, and the composite end point of
rehospitalization for heart failure or death within 30 days.

RESULTS Patients randomly assigned to nesiritide, as compared with those assigned to placebo, more
frequently reported markedly or moderately improved dyspnea at 6 hours (44.5% vs. 42.1%, P=0.03) and 24
hours (68.2% vs. 66.1%, P=0.007), but the prespecified level for significance (P<0.005 for both assessments
or P<0.0025 for either) was not met. The rate of rehospitalization for heart failure or death from any cause
within 30 days was 9.4% in the nesiritide group versus 10.1% in the placebo group (absolute difference, -0.7
percentage points; 95% confidence interval [Cl], -2.1 to 0.7; P=0.31). There were no significant differences in
rates of death from any cause at 30 days (3.6% with nesiritide vs. 4.0% with placebo; absolute difference,
-0.4 percentage points; 95% Cl, -1.3 to 0.5) or rates of worsening renal function, defined by more than a
25% decrease in the estimated glomerular filtration rate (31.4% vs. 29.5%; odds ratio, 1.09; 95% Cl, 0.98 to

1.21; P=0.11).

CONCLUSIONS Nesiritide was not associated with an increase or a decrease in the rate of death and
rehospitalization and had a small, nonsignificant effect on dyspnea when used in combination with other
therapies. It was not associated with a worsening of renal function, but it was associated with an increase
in rates of hypotension. On the basis of these results, nesiritide can not be recommended for routine use in
the broad population of patients with acute heart failure. (Funded by Scios; ClinicalTrials.gov

number, NCT00475852. opens in hew tab.)

N Engl J Med 2011; 365:32-43
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Table 2. Primary and Secondary Clinical End Points and Safety End Points through Day 30.*

Percentage-Point

Nesiritide Placebo Difference or Odds
End Point (N =3496) (N=3511) Ratio (95% CI)7 P Value
Primary clinical end points
Death from any cause or rehospitalization for heart failure — 321/3423 (9.4) 345/3413 (10.1) -0.7 (-2.1t0 0.7) 0.31
no./total no. (%)
Death from any cause 126/3490 (3.6) 141/3499 (4.0) -0.4 (-1.3t0 0.5)
Rehospitalization for heart failure 204/3422 (6.0) 208/3411 (6.1) -0.1 (-1.2to0 1.0)
Secondary clinical end points
Persistent or worsening heart failure or death from any cause 147/3459 (4.2) 165/3462 (4.8) -0.6 (-1.5t0 0.5) 0.30
through hospital discharge — no./total no. (%)
Days alive and out of hospital through day 30 20.9+6.9 20.7+7.1 0.2 (-0.13 to 0.53) 0.16
Rehospitalization or death from cardiovascular causes — 372/3423 (10.9)  402/3415 (11.8) -0.9 (-2.4 t0 0.6) 0.24
no./total no. (%)
Safety end points
Death from cardiovascular causes — no./total no. (%) 112/3498 (3.2) 124/3509 (3.5) -0.3 (-1.2t0 0.5) 0.44
Sudden death from cardiac causes — no./total no. (%) 19/3324 (0.6) 16/3327 (0.5) 0.1 (-0.3 to 0.4) 0.61
Hypotension — no./total no. (%) 930/3498 (26.6)  538/3509 (15.3) 11.3 (9.4 to 13.1) <0.001
Asymptomatic 748/3498 (21.4)  436/3509 (12.4) 9.0 (7.2t0 10.7) <0.001
Symptomatic 250/3496 (7.2)  141/3509 (4.0) 3.2 (2.1t04.2) <0.001
>25% decrease in estimated GFR from study-drug initiation —  1032/3289 (31.4)  968/3278 (29.5) 1.09 (0.98 to 1.21) 0.11
no./total no. (%)
Baseline estimated GFR <60 ml/min/1.73 m? 484/1714 (28.2)  449/1717 (26.2)  1.11 (0.96 to 1.3) 0.16
Baseline estimated GFR =60 ml/min/1.73 m? 548/1575 (34.8)  519/1561 (33.2)  1.07 (0.92 to 1.24) 0.38

which the data shown are odds ratios.

* Plus—minus values are means +SD. Cl denotes confidence interval, and GFR glomerular filtration rate.
- Data shown are percentage-point differences, with the exception of data for >25% decrease in estimated GFR from study-drug initiation, for
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ADHF + Renal Dysfunction (eGFR 15 to 60 mlI/min/1.73m?)
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Results

A total of 360 patients across 26 sites in North America were enrolled. The median age of
the study population was 70 years, median ejection fraction was 33% and the patients had
moderate to severe renal dysfunction with a median estimated GFR of 42 ml/min/1.73m?.
Overall, there were no significant differences in either the co-primary endpoints of 72-hour

cumulative urine volume or the change in cystatin-C from baseline to 72 hours when

comparing low-dose dopamine or low-dose nesiritide to placebo. Furthermore, there were no

significant differences between the groups in other secondary endpoints assessing for
decongestion or renal function, such as change in plasma creatinine, weight, NT-pro BNP

from baseline to 72 hours and dyspnea visual analog scale area under the curve from

randomization to 72 hrs. At 60 days, there were also no significant differences between both

treatment groups compared to placebo in terms of death, serious adverse events and heart

failure related visits or hospitalization. There were also no significant differences in
mortality between both groups and placebo at 180 days.

Curr Heart Fail Rep. Author manuscript; available i PMC 2015 September (1.
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Figure 1.
Co-Primary Endpeoints in Dopamine Strategy according to Ejection Fraction Group
Before imputation, 13 had mussing urine volume and 36 had missing cystatin C.
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AvoaotoAnl RAAS o€ xpovio CRS

Angiotensin-Converting Enzyme Inhibitors/ARBs
Neprilysin/Renin-Angiotensin Inhibitors
Mineralocorticoid Receptor Antagonists
6-Adrenergic Blockers



e JTNV Xpovia VEPPLKN VOOO KoL OTNV Xpovia
KapOLaKN avenapkeLa (Kkopdlovedplko TUMOU
2 Ko 4 avtiotowya) £xel pLeAetnOel oAU kaAad
N xpnon avaotoAewyv Tou afova P-A-A, oL
ortotloL £xouv Oeifel kapdlovedpLkn
npoaotacia. 2TnV Katnyoplo Twv GoppaKwy
AUTWV HeEyaAUTEPN OEpA PEAETWV EpdavileL
n evaAanpiAn (CONSENSUS, SOLVD).



Angiotensin-Converting Enzyme
Inhibitors/ARBs



Table 4.

Evidence Table of Outcomes im HF in Subjects With CKD Treated With ACE Inhibitors

COMNSEMSLIS 150162 235 RCT, enalapril vs Patients with Excluded: MRS, 42% Cr 1.45 mgv rAcrtality: NS
placebo MY HA class GFR <30 mlL/mmin Digoxin 939 dL
v HF per 1.73 m* B-Blocker 396 GFR =47 mLf
CKD: 55% hawve min per 1.73
Cr =1.58 mgsdL m®
SOLD 2569 RCT, enalapril vs HFrEF. EF Excluded: MBS 9% Zr 1.2 mgdL e
Treatment =163 placebo =35%, Cr =2.5magrdL Digoxin 67 % CKD =2 NS
symptomatic CKD- HR, 0.28 (959 CI,
B B-Blocker 8%
HF CKD =34 (4194) 0.73—1.06)
CKD =3B (10%:) CKD =3B: NS
HR, O.76 (959 CI,
0.54—1_.08)
HHF:
CKD =324A: HR, 0.59 (95%
Cl, 0. 48—0.73)
CEKD =32B: HR, 0.69 (25%
Cl, 0.46—1.02)
SOWD AZ28 RCT, enalapril vs LW Excluded: MRS %% Zr 1.2 mgdL Mo CKD analysis
Preventions placebo dysfunction Cr =>2.0 mag/dL Digoxin 12%
EF =35%, p-Blocker 35%
MY HA class 111
SONE 155165 183 RCT, captopril vs PAl with 1w Excluded: Cr=2.5 p-Blocker 359 Cr 1.3 magrdL rAortality: HR, 0.79 (35%
placebo dysfunction rmgfdL Cl, 0.65—-0.95)
EF 219G CKD: HF: HR, O0.69 (95%: I,
GFR =75 mbL'/mmin 0.57—-0.84)
per 1.73 m*: 37 % Mo subgroup HR in CKD
GFR 75—60 mLs MMT for M, cardiovascular
min per 1.73 m: death, or HF:
30% CKD vs non-CKD=0 wvs 19
CEKED3IA: 2490
CKD =3B: 9%
ATLASTET 2164; RCT, lisimopril Symptomatic Excluded: Cr 2.5 PB-Blocker 1124 Cr 1.2 mg/dL Adverse event in CED:
405 not high dose vws low HF, EF =30% rmgsdiL Digoxin 67 % high dose vs loww dose
previously on | dose CKD: Cr=1.5 Hypotension: 31% ws
ACE inhibitor 319 21.4%%

Renal dysfunctions
hyperkalemia: 15. 7% ws
1094

DG Database ==

1707 patients
wwith CED
from DG

Fropensity score
analysis of DIG
trial data, ACE

Chronic HF
wwith sinus
rbvythmm, mean

Excluded: Cr =2.5
mgsdL
CKD:

Drigoxin 47 %o
MBS 12%

Zr 1.8 mgwdL

GFR 40 rmils
min per 1.73

All-cause mortality

Mot matched, adjusted:
HR, D.66 {95%: CI,

data set, 208 inhib?tor_ VS no EF 289 Cr=1.5mg/dL for me 0.49-0_90)
after match ACE inhibitor men and =1.3 mMatched, adjusted: 0.52
mgsdL for women {95% Cl, 0.35—-0.96)
Berger et al'®™® 4573 Retrospective, Patiemnts CKD: B-Blocker 5094 LA All-cause mortality: ACE
ACE inhibitor or wwith (;HF CKED1: 22 % MREA 209 ?nh?b?tor.-’ARBvsno ACE
_AR-B":J'SI-IO ACE {Fr_arrjlngh_am CKDZ: 25% inhibitor
inhibitor or ARB criteria) with MNondialysis CKD: 11% ws
CKD CrD3: 37% 419, P=0.05
CrRDA: 17 % CKD2: 6.3% vs 8.6%
- T
CROS: 7 CKD3: 5.4% ws 14%
CKDg: 9.4% vs 18.5%
Ahmed et al'™ 1340 Retrospective, HFpEF wwith CED: PB-Blocker 20%: Cr 1.7 mardL All-cause mortality: Mot
propensity- CED CKD =3 100% MREA 10% SFR 40 mLs matched, adjusted: HR,

matched analysis,
ACE inhibitors
ARE ws no ACE
inhibitor/ARE

min per 1.73
m®

0.82 (95% Cl, 0.72—0.96)

MMatched: HR, 0.22 {953
Cl, O.F0—0.97)




disease and CKD

Edner et al'™ 2410 Prospective, HFrEF, EF CKD =4 100% f-Blocker 87% GFR23ml/ | All-cause mortality:
propensity- <39% with MRA 25% min per 1.73 | Matched adjusted: HR,
matched analysis, | CKD4 - m? 0.83 (95% CI, 0.73-0.94)

inhibit Digoxin 11% ]
ACE inhibitor Overall adjusted: HR, 0.81
(7% VAR (31%)/ (95% Cl, 0.73-0.91)
both 2% vs no
ACE inhibitor/ARB

Gurwitz et al'™ 2414 HFrEF and HFpEF | HFrEF 32% GFR <60 mL/min NA MA HFrEF: All-cause
with chronic lung | yeper 6gop | per1.73m’ mortality: HR, 0.6 (95%

Cl, 0.4-0.9)

HHF: HR, 0.43 (95% Cl,
0.28-0.67)

HFpEF: All-cause
mortality: HR, 0.5 (95%
Cl, 0.3-0.8)

HHF: HR, 0.35(95% CI,
0.18-0.68)

ACE indicates angiotensin-converting enzyme; ARE, angiotensin receptor blocker; ATLAS, Assessment of Treatment With Lisinopril and Survival; CHF, congestive
heart failure; CKD, chronic kidney disease, CONSENSUS, Cooperative North Scandinavian Enalapril Survival Study;, Cr, creatinine; DIG, Digitalis Investigation Group;
EF, ejection fraction; GFR, glomerular filtration rate; HF, heart failure; HFpEF, heart failure with preserved ejection fraction; HFrEF, heart failure with reserved ejection
fraction; HHF, hospitalization for heart failure; HR, hazard ratio; LV, left ventricular; MI, myocardial infarction; MRA, mineralocorticoid receptor antagonist; NA, not
applicable; NNT, number needed to treat; NS, not significant; NYHA, New York Heart Association; RCT, randomized controlled trial; SAVE, Survival and Ventricular
Enlargement; and SOLVD, Study of Left Ventricular Dysfunction.




Tahle 5.

Evidence Table of Outcomes in HF in Subjects With CKD Treated With AREs

Val-HeFT* | 5010 | RCT, walsartanvs | Symptomatic HF, | Exclude: Cr=2.5 | p-Blocker 35% GFR 58 mUimin | All-cause mortality: HR, 1.01
placebo EF <40% mag/dL Digoxin 67% per 1.73 m? (95% CI, 0.85-1.20)
CED =2: 58%
Proteinuria
without CKD:
52%
CHARM- 7599 | RCT, candesartan | Symptomatic HF, | Exclude: Cr =3 f-Blocker 55% MA Hyperkalemia:
Overall'™ vs placebo EF <40% mg/dL MRA 17% Cr>2vs <2 HR, 4.1(95% O,
CKD: Cr »2 24-13)
mag/dL Serious hyperkalemia: Cr >2 vs
<Z:HR, 3.5(95% Cl, 1.5-7.9)
HEAAL'™ | 3846 | High-vs low- Symptomatic Exclude: Cr»2.5 | ACE inhibitor Cr 1.1 mg/dL Death and HF admission
dose losartan HF, EF <40%, mag/dL 100% GFR:
intolerance of p-Blocker 72% <60 mL/min per 1.73 m% HR,
ACE inhibitor 0.98 (95% CI, 0.85-1.13
MRA 38% { ' )
60-74: HR, 0.94 (95% (I,
0.78-1.14)
=75 HR, 0.72 (95% (I,
0.60-0.86)
ELITE'™ 727 Captopril vs Symptomatic HF, | Exclude: Cr=2.5 | ACE inhibitor Cr 1.2 mg/dL Worsening renal function in all
losartan EF <40% mag/dL 100% groups: 2% (-51% to 36%)
p -Blocker72%

ACE indicates angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker, CHARM, Candesartan in Heart Failure Assessment of Reduction in
Mortality and Morbidity, CKD, chronic kidney disease; Cr, creatinine; EF, gjection fraction; ELITE, Evaluation of Losartan in the Elderly; GFR, glomerular filtration
rate; HEAAL, Heart failure Endpoint Evaluation of Angiotensin || Antagonist Losartan; HF, heart failure; HR, hazard ratio; MRA, mineralocorticoid receptor

antagonist; NA, not applicable; RCT, randomized controlled trial; and Val-HeFT, Valsartan in Heart Failure.




Neprilysin/Renin-Angiotensin Inhibitors



Heart failure

Natriuretic _ Renin angiotensin -
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ProBNP J Angiotensinogen ]
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ENHANCES these actions Sacubitril'valsartan

INHIBITS these actions

FIGURE 1: Effects of sacubitril/valsartan on vasoactive peptides.



MeA£tec cuykplonc cuvbuaopou avaotolea RAAS kat
ayyelodlaotaAtikovU (sacubitril/valsartan kot omapatrilat) €évavtt
rovo avaotoAea RAAS og aoBeveic pe HFrEF

* IMPRESS (Inhibition of MetalloProtease by
Omapatrilat in Randomized Exercize and
Symptoms Study of Heart Failure, n=573)

 OVERTURE (Omapatrilat Versus Enalapril
Randomized Trial of Utility in Reducing Events
trial, n=5770)

 PARADIGM-HF (Prospective Comparison of ARNI
With ACEl to Determine impact on Global
Mortality and Morbidity in Heart Failure, n=8399)



* H ouvOetn ekPaon Bavatou n XpOovLoC
KapOLOKNC AVETIAPKELOC MELWONKE 0 OAEC TLC
LeAETEC oTtouc acBeveic tou eAafav to
ouvOUQOUO.

* O ouvbuaopoc evavtt povo ACE inhibitor
OUOXETLOTNKE TIEPLOCOTEPO UE UTTOTAON, QA
AlYyOTEPO UE VEPPLKN SUOAELTOUPYLA KOLL
UTtEPKOALOLLLLOL OE OAEC TIC UEAETEC.




* Angiotensin—Neprilysin Inhibition
versus Enalapril in Heart Failure

List of authors.John J.V. McMurray, M.D., Milton
Packer, M.D., Akshay S. Desai, M.D.,

M.P.H., Jianjian Gong, Ph.D., Martin P. Lefkowitz,
M.D., Adel R. Rizkala, Pharm.D., Jean L. Rouleau,
M.D., Victor C. Shi, M.D., Scott D. Solomon,

M.D., Karl Swedberg, M. D Ph.D., and Michael R.
Zile, M D.for the PARADIGM HF Investlgators and
Committees

N Engl J Med 2014; 371:993-1004



10,513 Patients entered enalapril run-in phase
(median duration, 15 days; IQR, 14-21)

\

1102 Discontinued study
591 (5.6%) Had adverse event
66 (0.6%) Had abnormal laboratory
or other test result
171 (1.6%) Withdrew consent
138 (1.3%) Had protocol deviation,
had administrative problem, or
were lost to follow-up
49 (0.5%) Died
87 (0.8%) Had other reasons

9419 Entered LCZ696 run-in phase
(median duration, 29 days; IQR, 26-35)

\/

977 Discontinued study
547 (5.8%) Had adverse event
58 (0.6%) Had abnormal laboratory
or other test result
100 (1.1%) Withdrew consent
146 (1.6%) Had protocol deviation,
had administrative problem, or
were lost to follow-up
47 (0.5%) Died
79 (0.8%) Had other reasons

8442 Underwen

t randomization

43 Were excluded
6 Did not undergo valid randomization
37 Were from four sites prematurely
closed because of major GCP violations

l

4187 Were assigned to receive LCZ696
4176 Had known final vital status
11 Had unknown final vital status

|

4212 Were assigned to receive enalapril
4203 Had known final vital status
9 Had unknown final vital status
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Table 3. Adverse Events during Randomized Treatment.*
LCZ696 Enalapril
Event (N=4187) (N=4212) P Value
no. (%)
Hypotension
Symptomatic 588 (14.0) 388 (9.2) <0.001
Symptomatic with systolic blood pressure <90 mm Hg 112 (2.7) 59 (1.4) <0.001
Elevated serum creatinine
22.5 mg/d| 139 (3.3) 188 (4.5) 0.007
3.0 mg/d| 63 (1.5) 83 (2.0) 0.10
Elevated serum potassium
>5.5 mmol/liter 674 (16.1) 727 (17.3) 0.15
>6.0 mmol/liter 181 (4.3) 236 (5.6) 0.007
Cough 474 (11.3) 601 (14.3) <0.001
Angioedemar
No treatment or use of antihistamines only 10 (0.2) 5(0.1) 0.19
Use of catecholamines or glucocorticoids without 6 (0.1) 4 (0.1) 0.52
hospitalization
Hospitalization without airway compromise 3(0.1) 1 (<0.1) 0.31
Airway compromise 0 0 —

* Shown are results of the analyses of prespecified safety events at any time after randomization. The numbers of pa-
tients who permanently discontinued a study drug were as follows: for hypotension, 36 (0.9%) in the LCZ696 group
and 29 (0.7%) in the enalapril group (P=0.38); for renal impairment, 29 (0.7%) and 59 (1.4%), respectively (P=0.002);
and for hyperkalemia, 11 (0.3%) and 15 (0.4%), respectively (P=0.56).

T Angioedema was adjudicated in a blinded fashion by an expert committee.




e Y& umoavaAvon tn¢ PARADIGM-HF o
ouvduaopoc odnNynoe o€ xapnAotepo Babuo
Lelwonc tou eGFR ouyKpLTLKA PE TNV
evaAaTplAn, akopa Kol o€ aioBeveic e xpovia
vedppikn vooo (CKD), mapa tnv Nrmio. aavénon
NC MPWTIEivouplac.



PARAMOUNT peAetn (Prospective Comparison of ARNI
Versus ARB on Management of Heart Failure With
Preserved Ejection Fraction)

e LCZ696 peiwoe NT-proBNP, aptnplakn mieon
Kol LEYEBOC KOATTOU 0€ peyaAUTEPN EKTAON,
evw dlatnpnoe eGFR og peyaAvtepo Babuo
(mtwon GFR og 36 eBdouadec 1,6 ml/min per
1,73 m2 otnv opada LCZ696 evavtl 5,2
ml/min per 1,7 m2 otnv opada tnc
BaAocoaptavnc, p=0.007).




Mineralocorticoid Receptor Antagonists (MRAS)



Table 6.

Evidence Table of Outcomes in HF in Subjects With CKD Treated With MRAs

CKD >3a: 33%

RALES'® 1663 | RCT, HF, EF <35% Exclude: Cr»25 | ACE inhibitor Cr1.2 mg/dL All-cause mortality: HR,
spironolactone mg/dL 94% 0.68(95% CI, 0.56-0.84)
vs placebo CKD: GFR <60 Digoxin 78% Worsening renal function:

mL/min per 1.73 spironolactone vs placebo
m’ (48%) 17% vs 7%
EMPHASIS-HF'™ | 2737 | Eplerenonevs | HF EF<35% Exclude: GFR ACE inhibitor GFR 71 mL/min HR, 0.66 (95% Cl,
placebo <30 mUminper | 93% per 1.73 m? 0.56-0.78)
1.73m’ f-blocker 87% No difference between
CKD: subgroups with and
without CKD




6-Adrenergic Blockers



e BeAtlwvouv th AELToupyLkn taélvopnon Kota
NYHA kat to kKAaopa e€wbnong,

* avakoudilouv armo Ta CUUTTWHOTA,
* LLELWVOUV TLC VOONAELEC Kall
* TIAPOTELVOUV TNV ETLPBLWON.

Class 14 €vbdeien yiwa HFrEF (AHA guidelines)
LETOTIPOAOAN Kal BloompoAoAn (avaotoAeic B1
uTtoSOXEWV)

kKapPBeOAOAN (avaotoAeic al, Bl kat B2 utodoxewv)



MERIT-HF (Metoprolol CR/XL Controlled
Randomized Intervention Trial in Chronic HF)

Tuyatomnoinoe 3991 acBeveic pe NYHA IlI-IV HF
kKot EF<40% o€ petompoAoAn evavtt placebo.
AguTEPOYEVI AVAAUON TTIOU EOTLAOE OTLC
dpaocelc TNC HeTOTPOAOANC o€ SLapopETIKA
enimeda eGFR (>60, 45-60, <45 ml/min per
1.73 m2) €6eLée onuavTtikn wdEAELA O OAEC
TIc opadec. H wopeAela ntav mo ekdbnAn oe
eGFR <45 ml/min per 1.73 m2 ue nepimovu
60% peiwon oe HHF ko Ovntotnta.




SENIORS (Study of the Effects of Nebivolol Intervention
on Outcomes and Rehospitalization in Seniors With
Heart Failure)

e TuyoawomowOnkav 2112 acBeveic>70 etwv pe HF, og
veumiBoAoAn evavto placebo.

* To ouvBeTto onpeilo TNC CUVOALKNC BvnNToTNTAC KOl TWV
KOPOLOYYELOAKWY VOOOKOUELOLKWVY ELCOYWYWV NTAV
ONUOVTLKA LELWUEVO LE VEUTILBOAOAN.

e Av kot ta 0dpEAN TNG vEUTLBOAOANC mapatnpnOnkav cg
o\ Ta TETApTNUOPLa Tou eGFR, N wdeAeLa oto
katwtepo eGFR group (<55 ml/min per 1.73 m2) dev
ntav toco €k6nAn oco otn MERIT-HF.




CIBIS-II Study (Cardiac Insufficiency Bisoprolol
Study)

* Tuxatornoinoe 2647 acBeveic pe NYHA -1V
Kot EF<35% o€ BloompoAoAn evavtl placebo.

* Kpeativivn opou>3.4 mg/dl ntav kptiptlo
artokAeLopoU.

* OLwdEALLEC OPAOELC TNC ONUOVTLKNG HELWONC
TNC oUVOALKNC BvnTtotnTtac davnkav o€ oAa T
TETOPTNUOPLa Tou eGFR.




e Telwka petavalvon 6 RCTs pe B-avooTtoAElc O€
acBeveic pe CKD kat HF €6¢Lée otL oL B-avaotoAeic
ONUOVTLKA PELwoaV ToV KivOUVO CUVOALKAG
Bvntotntac kat kapdiayysrtaknc Ovnrotnrac
ouykpLtka pe placebo.

e AVEKTLKOTNTA OTOUC B-0vaoToAELC TiEpLlopilleTal ATTO
TNV KOTOLKPATNON UYPWV TIOU ETIUTAEKEL TNV KAPSLOKN
avemnapkela, Bpadukapdia, umtotaon Kal KOTIWOn.
MERIT-HF €6&L&e mapopoLleC cuXVOTNTEC AVOXNC OE OAXL
ta entineda eGFR. Opwc otic post hoc avaAUoEeLg Twv
CIBIS-11 kat SENIORS ot guxvotnteg SLokomng Twv B-
OVOLIOTOAEWV NTAV PLEVOAUTEPEC OTLC UTIOOUAOEC LIE
eGFR <45 kat <55 ml/min per 1.73 m2, avtictowya.




Table 1. Effect of kidney function on the efficacy of established treatments for chronic HFrEF

Trial (ref) Intervention Main eligibility Follow-up  Primary Overall treatment  CKD subgroups ~ Treatment P for treat-
(sample size) criteria (years) cutcome effect (95% CI)  (eGFR, mL/min/ effect in CKD ment
1.73 m%) % CKD
interaction
ACH
SOLVD-TREATMENT [31] Enalapril versus LVEF <35%;NYHAL-IV; 35 Allcause mortality 084 (0.74-095) 260 (n= 1466) 082 (0.69-098) 062
placebn (m=2569) creatinine < 177 pmol/L <60 (n=1036) 0.88 (0.73-1.06)
f-blocker
CIBIS-TI[32] Bisoprolol versus LVEF <35%; NYHA III-IV; 13 All-cause mortality 0.66 (0.54-081) <45 (n=450) 0.71(0.48-1.05) 081
placebn (m=12647) creatinine < 300 pmol/L 245 <60 (n=669) 0.69(046-1.04)
260 <75 (1=640)  0.53 (0.34-0.82)
=75 (n=863) 0,64 (042-0,99)
MERIT-HF [33, 34] Metoprolol versus LVEF <40%; NYHA II-1V; 1 All-cause mortality 0.66 (0.53-0.81) <45 (n=493) 0.411(0.25-0.68) 0,095
placebo (n = 3991) ‘significant’ kidney disease >45-<60 (n=976) 068 (0.45-1.02)
=60 (n=2496) 071 (0.54-0.95)
SENIORS [35, 36] Nehivolol versus LVEF <35% or hospitiliza- 1.75 All-cause mortality 0.86 (0.74-099) <555 (n=704) 0.84 (0.67-1.07) 0,442
placebo (n=2128) tion for decompensated HF; or CV hospital 555-72.8 (n=704) 0.79 (0.60-1.04)
NYHA II-IV; creatinine admission =728 (n=704) 0.86 (0.65-1.14)

< 250 pmol/L

Mineralocorticoid receptor antagonist

RALES [37, 38] Spironclactone versus  LVEF <35%; NYHATII-IV; 2 All-cause mortality 0.70 (0.60-0.82) <60 (n=792) 0.68 (0.56-0.84) N/A
placebn (m=1663) creatinine <221 umol/L =60 (n=B66) 0.71 (0.57-0.90)

EMPH ASIS-HF [39] Eplerenone versus LVEF <35%; NYHA IL; éGFR  1.75 CV death or hospitali-  0.63 (0.54-0.74) <60 (n=912) N/A 0.50
placebn (m=2737) 230 mL/min/1,73 m* zation for HF 260 (n=1821) N/A

Angiotensin receptor neprilysin inhibitor

PARADIGM-HF [40] Sacubitril/valsartan LVEF <40%; NYHA [I-IV; 225 CV death or hospitali-  0.80 (0.73-087) <60 (n=23061) N/A 091
versus enalapril eGFR =30 mL/min/1.73 m* zation for HF =60 (n=>5338) N/A
(n=8442)

ICD

MADITIT [41] Prophylactic ICD LVEF < 30%; NYHA III; 267 All-cause mortality 0.69 (051-093) <35 (n==80) 1.09 {0.49-2 .43) 0.29
versus conven tional eGFR =15 mL/min/1.73 m’ 35-59 (n=1387) 074 (0.48-1.15)
medical therapy 260 (n=756) 0,66 (0.43-1.02)
(m=1232)

CRT

CARE-HF [42] CRT versus conven- LVEF <35%; NYHA III-TV: 15 Death from any cause  0.63 (0.51-0.77) <60 (n=369) 0,67 (0.50-0.89) N/A
tional medical therapy or unplanned hospi- =60 (n=1370) 057 (0.40-0.80)
(n=813) talization for a major

CV event

Data extracted from large trials where subgroup analysis by kidney function is available. NYHA, New York Heart Association; CV, cardiovascular; N/A, not available,



CRT Strong Strong Absen
ICD Strong Strong Weak
H-ISDN Weak Weak Absent
Digoxin Weak Weak Weak
lvabradine Moderate Moderate Absent
B-blocker Strong Strong Moderate
MRA Strong Strong Absent
ARNI Strong Strong Absent
ACE inhibitor/ARB Strong Strong Weak
Diuretics Absent Absent Absent
CKD 1and 2 CKD 3

Figure 4. Relative levels of strength of evidence for goal-directed medical therapies in heart failure with reduced ejection fraction across varying
stages of nondialytic chronic kidney disease (CKD).

ACEi indicates angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; ARNi, angiotensin receptor neprilysin inhibitar; CRT, cardiac resynchro-
nization therapy; H, hydralazine; ICD, implantable cardioverter-defibrillator; ISDN, isosorbide dinitrate; and MRA, mineralocorticoid receptor antagonist.



Implantable Cardioverter-Defibrillators in CKD



* AvTtikpouopeva dedopeva yla TV whEAELA
Twv ICDs og aoBeveic pe HF kat CKD.

* Mewwpevn emiBiwon £xeL kataypadetl otnv
npwtoyevn mpoAnyn ICDs oe CKD, onwc Kot
OUXVOTEPEC EMLITAOKEC (AOLHWEELC,
aLpoppoyia, Kevtplkn GAeBLKN otEVwonN,
TPLYAWYX VLK OLVETTAPKELQL).



e Y& METAVAAULON 3 HEAETWYV MTPWTOYEVOUC
npoAnwnc (MADIT |, MADIT-II, SCD-HeFT)
wdeAela emBiwonc umtnpxe o GFR >60
ml/min per 1.73 m2.

e 2tnVv Cleveland Clinic CKD Registry
(mpwtoyevng npoAnyn ICDs o€ un
atpokaBatpopevouc) opelocg emiBlwonc
vt pxe o€ GFR >30 ml/min per 1.73 m2.

* Opwc petavaluon RCTs by Chen et al, o€
aoBeveic pe teAlkoU otadlov vePpLkn
avenapkela kat HF mou eAaBav ICD, €6eLée
BeAtiwon tN¢ cUVOALKNC , 2 ETwV BvntoTtnToc.



* Aedopevou OTL aoBevelc HE TIpOXWPNUEVN
CKD séaipeBnkoav amo Tic HEYAAEC LEAETEC
KapOLayyeLlaknc Beparelac e AmoTEAECUA
eAePn Loxupwv dedopevwv wPEAELAC
eniBilwonc, n anodoaon yia tortoBetnon ICD
npwTtoyevouc mMPoAnPNC o€ MPOXWPNLLEVN KoL
teAkoV otadiov CKD Baoiletal oe
OUVVOONPOTNTEC, VEVLKN KATAOTAON KoLl
riototnTa {WNC yLa voL TPoodLopLoTEL N
Loopportia KlvOUVOU-0hEAOUC AUTWV TWV
OUOKEUWV.



Cardiac Resynchronization Therapy



MIRACLE study (Multicenter InSync Randomized
Clinical Evaluation)

e ExtiunOnke Bepameia pe CRT o HF, NYHA class
[11-1V ko EF <35%.

* BeAtiwon NYHA class kat EF kot peiwon tng
utpoeldikn e avemnapkeloc o eGFR >30 ml/min
per 1.73 m2.

* Emlonc onuavtikn BeAtiwon oe eGFR, o€
baseline eGFR petav 30 kot 59 ml/min per

1.73 m2 (mBava amo BeAtiwon TNC opATWonG

Kol HElwon tTng dAeBLkNC oupdopnonc).



Bazoukis G, Letsas KPF Korantzopoulos B Thomopoulos C, Vlachos
K, Georgopoulos 5, Karamichalakis N, Saplaouras A, Efremidis M,
Sideris A. Impact of baseline renal function on all-cause mortality in
patients who underwent cardiac resynchronization therapy: a system-
atic review and meta-analysis. J Arhythm. 2017,33:417-423. doi:
10.1016/.joa.2017.04.005

Ye petavalvon, 13 amno 16 peleteg €detéav uPnAotePo KivOuvo CUVOALKAC
BvNTOTNTOC, OTATLOTIKA ONLOVTLIKO, O€ aoBeveic pue xpovia vedppLkn vooo,
niou £BaAav CRT. NpocOsta acbeveic pe baseline eGFR <60 ml/min per 1.73
m2 eixav av&npeEvn ouvoALKr BvnNTOTNTA CUYKPLTLKA HE AoOevelC e

eGFR >60 ml/min per 1.73.



EYXAPIZTQ!



