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‘When patients were
dying with large
hearts they had

shrunken kidneys’

Richard Bright, M.D.F.R.S.
1789-1858
Father of Nephrology




“Cardiorenal” for 100 Years
« Sir Thomas Lewis (1881-1945)
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Tl EINAI «22ZYNAPOMO»
Opoloyia - Etupoloyia

JUvOpopo (to) ovo. [<apy. 2uvbpopov, oud TOUu EemIBETOU
ouvdpopuoc < ouv + dpopuoc] (K ouvdpopov) cUVOAO CUUITTWUATWY
nou kaBopilouv pLa appwoTtia

TeyormtouAoc-Qutpaknc, EAAHNIKO AEZIKO, 1993
Syndrome = oUvOpopo, €va cUVOAO GUUNTTWUATWV 1 ONUELWV
Novu napatnpouvtol ard Kowou / To cUVOAO TwWV CUUMTWHATWY
Kat onuelwv omolaodAmote TABOAOYLKNC KATAOTACEWC/Eva
OUUTTAEYUOL OUUTTTW LATWV

Dorland’s IATPIKO NEZIKO 1997 (Mteop. A. KatouAnc)

Syndrome = The group or recognizable pattern of symptoms or
abnormalities that indicate a particular trait or disease

Genome glossary 2005
Syndrome = group of signs or symptoms that commonly group
together

Cheng & Leiter Can J Cardiol 2006



Claudio Ronco,
San Bortolo Hospital, Vicenza, Italy
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Cardio-renal syndromes: report from the
consensus conference of the Acute Dialysis
Quality Initiative

Claudio Ronco'?*, Peter McCullough?, Stefan D. Anker?3, Inder Anand®,
MNadia Aspromonte’, Sean M. Bagshaw?®, Rinaldo Bellomo?, Tomas Berl!?,



Kopdlovedplko Zuvdpoo pmopel YEVIKA Vo 0PLoTEL
MWS N TAOO0PLGLOAOYIKY Ol TUPOYT] TNS KUPOLAS KUl TOV
VEPP@V, 0TTOV 0EELA 1] YPOVIO OVGAELTOVPYLO TOV EVOS
0PYAVOV UTOPEL VO TPOKUAEGEL OCEL 1] YPOVIL

OVGAELTOVPYLA TOV GALOV.

Ronco C et al, J Am Coll Cardiol 2008
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0¢L Kapdiovedpiko Zuvdpopo
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Incidence of CRS

A Acute Heart Failure B Acute Coronary Syndrome
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Worsening renal function in pauents hospitalised for acute heart
farlure: Chnical implhications and prognostic significance
Marco Metra **, Savina Nodan *, Giovanni Paminello ¥, Tania Bordonali ®, Silvia Bugam *,

Rossclla Dancsi *. Bonadett: Fomanciia ™, Carleo Lombardi ™, Patrizia Milani ™, Giulias Veszura ™,
Gadi Cotter ©, Howard Dittrich ¢, Barry M. Massic . Livio Da Cas ™
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Kapélovedpiko Zuvépopo Tumouv ll:
Xpovio Kapdiovedpiko Zuvdpopo
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Kapdlovedppko 20vépopo Tumouv lli
0¢L Nedpokapdlako Zuvdpopo
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CRS type 3

When the RIFLE (risk, injury, and failure; loss; and end-stage kidney disease)
consensus definition is used, AKI has been identified in close to 9% of hospital
patients. (Uchino S et al., 2006)

In a large ICU database, AKI was observed in more than 35% of patients.
(Bagshaw et al., 2008)

Fluid overload can contribute to the development of pulmonary edema.

Hyperkalemia can contribute to arrhythmias and may cause cardiac arrest.

Untreated uremia affects myocardial contractility through the accumulation of
myocardial depressant factors (Blake et al., 1996) and pericarditis (Coresh et
al., 2003).

Acidemia produces pulmonary vasoconstriction, which can significantly
contribute to right-sided HF

Acidemia appears to have a negative inotropic effect (Brady & Hasbargen,
2000)
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TRADITIONAL CV RISK FACTORS

Age Hypertension Dyslipidemia Overweight Diabetes Smoking

/ Endothelial dysfunction
Calcification
N elastin
2 Collagen
VSMC proliferation

1
1

FGF-23, Klotho, PTH  RAS activation Inflammation
Phosphorus Endothelin-1 Oxidative stress ADMA  microparticles

CV RISK FACTORS ASSOCIATED WITH CKD




Age-Adjusted Death, Cardiovascular Events,
and Hospitalization in Chronic Kidney Disease

1,120,295 Ambulatory Adults
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Figure 2.3
Changes in the Population Pyramid
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Prevalence rates of heart
failure by gender and age in
the United States
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Congestive Heart Failure Is More Common in
Patients With Type 2 Diabetes
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Incident Counts and Rates of ESRD
by Primary Diagnosis
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TouAdxiotov 1/3 twv acBevwv pe KA €xouv XNN = CRS

- Clinical trials ‘Real life’
c (patients with severe RD excluded)
2
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° NYHA |-l NYHA 11l (post AMI, CHF / LVD) (acute, decompensated HF)
(n=3673)! (n=2161)1 (n=14,527)2 (n=118,465)3

1. Dries DL et al. J Am Coll Cardiol 2000;35:681-689
2. Anavekar NS et al. N Engl J Med 2004;351:1285-1295
3. Heywood JT et al. J Card Fail 2007;13:422-430

GFR, glomerular filtration rate
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CKD-Epi
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Prevalence of Anaemia in a CHF
Outpatient Clinic (Hgb <12 g/dL)
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Anemia predicts mortality in severe heart failure (PRAISE)

JACC 2003;41:1933
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Anemia may develop as eGFR declines
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CRS — OMINOUS CO-EXISTENCE

2-year mortality and incidence of ESRD in a 5%
sample of Medicare patients from the USA (1.1
million patients)
2 Year mortality % 2 Year Incidence of
ESRD%

No Anaemia/ CHF/ CKI
Anaemia

CHF

CHF & Anaemia

CKil

CKIl & Anaemia

CHF & CKI 3.5
CHF, CKI & Anaemia 5.9

Gilbertson D. J Am Soc Nephrol 2002;13:SA848




Cardiorenal anaemia syndrome:
a vicious circle of destruction

CHF Deadly Trio

Anaemia



Mechanisms of Anaemia in CHF

Haemodilution Chronic immune activation
Plasma Volume T TNFa - production of Epo |
- Epo activity in BM |
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hronic kidney failure
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Epo - Erythropoietin Silverberg DS et al. J A Coll Carcliol 2000



Mechanisms of Anaemia in CHF
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Survival curves of the patients with HF
and true anemia versus hemodilution.

Androne et al. Circulation 2003
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Diuretics

* Loop, thiazide and potassium-sparing diuretics provide diuresis and natriuresis
in as quickly as 20 min after administration.

* Moreover, they provide effective short-term symptomatic relief. However, the
use of diuretics is not free from drawbacks, such as long-term deleterious
cardiovascular effects.

* A Cochrane review (Salvador D et al., 2004) examined eight trials comparing
continuous infusion of a loop diuretic with bolus injections in 254 patients with
CHF. The urine output (as measured in mL/24 h) was noted to be greater in
patients given continuous infusion

Fractional Na Excretion
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CEILING DOSES FOR I.V. LOOP DIURETICS
(in mgs)

X2 x4
NEPHROTIC AFR/CRF AFR/CRF
CIRRHOSIS HEART FAILURE SYNDROME Moderate Severe

Protein Binding Impaired Delivery
Increases Ceiling Increases Ceiling
Dose Dose



Mortality as a Function of Maximum In-Hospital
Diuretic Dose : ESCAPE Trial

All-cause Mortality

0.90 - HR for all-cause mortality increased
0.80 — by 15% per doubling diuretic dose
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Hasselblad V et al. Eur J Heart Fail 2007:9:1064-9



Diuretic Use and the Risk of Mortality in Patients
with Left Ventricular Dysfunction: SOLVD
Database

Mortality Risk by Diuretic Use at Baseline

Diuretic (n=2901) No Diuretic (n=3896)
N Incidence [\ Incidence P value

Death: all cause 1013 12.8 586 5.3 001
CV Death 903 114 510 46 001
Sudden Death 241 3.1 183 1.7 001

Cooper HA et al. Circulation. 1999;100:1311.



Mechanisms of Anaemia in CHF
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Etiology of Anemia in Patients With Advanced Heart Failure

37 advanced CHF pts; NYHA IV; mean LVEF: 22%.
73.0%

B [ron deficient anemia

B Anemia of chronic disease
Hemodilution
[ Drug induced

Nanas J et al. J Am Coll Cardiol 2006



Young and Zaritsky
Clin J Am Soc Nephrol 4: 1384-1387, 2009
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H peAérn FAIR-HF oo
Anker S, et al. N Engl J Med 2009 %

The NEW ENGLAND JOUERNAL of MEDICINE

‘ ORIGINAL ARTICLE

Ferric Carboxymaltose in Patients with Heart
Failure and Iron Deficiency

Stefan D. Anker, M.D., Ph.D., Josep Comin Colet, M.D.,
Gerasimos Filippatos, M.D., Ronnie Willenheimer, M.D.,
Kenneth Dickstein, M.D., Ph.D., Helmut Drexler, M.D.,*

Thomas F. Liischer, M.D., Boris Bart, M.D., Waldemar Banasiak, M.D., Ph.D.,
Joanna Niegowska, M.D., Bridget-Anne Kirwan, Ph.D., Claudio Mori, M.D.,
Barbara von Eisenhart Rothe, M.D., Stuart J. Pocock, Ph.D.,

Philip A. Poole-Wilson, M.D.,* and Piotr Ponikowski, M.D., Ph.D.,
for the FAIR-HF Trial Investigatorsy

N Engl ) Med 2009;361:2436-48.
Copyright © 2009 Massachusetts Medical Society.



Self-Reported Patient Global Assessment and New York Heart Association
(NYHA) Functional Class at Week 24, According to Assigned Study Treatment

C 6-Minute-Walk Test D EQ-5D Visual Analog Scale
50+ P<0.001 P<0.001 P<0.001 14+
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Mean Mean
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Placebo Placebo
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Mean Mean
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Mechanisms of Anaemia in CHF

Haemodilution Chronic immune activation
Plasma Volume T TNFa - production of Epo |
- Epo activity in BM |
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StageD
Refractory
symptoms ‘
requiring
special
N intervention
Stage C ‘ '
S —— Structural J l T
' Stage B disease, VAR . SISO
Skl previous or y VAD, transplantation
eant current e
disease, no symptoms Inotropes
HS.taLge' Ak SYIpRofs Aldosterone antagonist,
igh ris
with no " / Consider multidisciplinary team
ST Revascularization, mitral-valve surgery

Cardiac resynchronization if bundle-branch block present

Dietary sodium restriction, diuretics ( and digoxin 2)
ACE inhibitors and beta-blockers in all patients

N S N TR T T A L S A e o, ¥ o s s B
' ACE inhibitors or ARBs in all patient:
: ‘g':\":‘ - 2 dade

ACE inhibitors o nts; beta-blockers in selected patients

Treat hypertension, diabetes, dyslipidemia; ACE inhibitors or ARBs in some patients

Risk-factor reduction, patient and family education
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Drugs That Reduce Mortality in Heart

Failure With Reduced Ejection Fraction

Angiotensin Mineralocorticoid
receptor ACE Beta receptor
blocker inhibitor blocker antagonist

0%

Py
g l 10°/o o,
=)
=
£
o l 20% —
7
x Drugs that inhibit the
o 30% 1 renin-angiotensin system
. l > have modest effects on
o survival

l 40%—-

Based on results of SOLVD-Treatment, CHARM-Alternative,

COPERNICUS, MERIT-HF, CIBIS Il, RALES and EMPHASIS-HF
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ACE-I initiation and sCr

[ HEART FAILURE IHEART FAILURE + ACEIi

Angiotensinll ACEi

A Efferent dilation
“‘- \ -

Triposkiadis, Starling, Boudoulas, Giamouzis, Butler. Heart Fail Rev 2011



Serum Creatinine (mg/idL)
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Primary Care Physician

At

Et{ﬂﬂd
4
stage

Ezstimated GFR

(mLimin/1.732 m?) )
Nephrologist

Particular concern applies to -blockers
excreted by the kidney, such as atenolol, nadolol,
or sotalol.
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The Role of the Renin-Angiotensin System in the Regulation of Erythropoiesis
D. V. Vlahakos, K.P. Marathias, and N.E. Madias,
Am J Kidney Dis, April 2010 Renal Hypoperfusion

(Hypoxia)

Renin Release Erythropoetin

Secretion

Angiotensinogen Anglotensml

Anglotensm [l

Erythr0|d
Progenitors

i

Salt and water retension

Increased plasma volume & &

Increased RBC
Mass



TABLE Il Radioactive Maasurements of Blood Volyme in Palients with Gongestive Heart Failure

(NYHA class V) and in Nmm&l Sublects

Control Subjects CHF Patients
(n=11) (n=9) p Value
Plasma EPO levels (mU/ml) 20407 3749 <0.001
Plasma volume (ml) 2,863 + 128 4,009 <0.01
Whale blood volume () 001
Rad blood cell volume (mi) 2028 £119 2616 +235 <0.05
Hematocrtt (%) _413:09 39312 NS

CHF = cunges’:wel'ﬁartimlure EPO = aryhmpumhn NYHA = New York Heart Association.




SOLVD Database Ishani et al. JACC, 2005

v, for analyses of new anemia at one year, we
luals to have complete data at one year; this
exclusion of 1,075 patients. Consequently,
ncluded 4,174 patients (analyses of new
justment for data at one year), 5,249 patients
ew anemia with adjustment for data at
, or 6,436 individuals (analyses of prevalent
ia and all survival analyses) (Fig. 1). The
teristics of those included in our main anal-
‘ed that there were no significant differences

Enalapril and the odds of
year. At one year after
randomized to enalapril h

pared to 7.9% of t

ratio o)

In a logistic model (Table 2

ers, enalapril continued to be @
one year (adjusted OR 1.56, 9

48%

nemia at one
% of those

hemia, com-

justed odds

.20 to 1.82).
for confound-

new anemia at
1.26 to 1.93). A

potential confounder of this analysis was that individuals
randomized to enalapril had greater changes in creatinine
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Swedberg et al, NEJM 2013
RED-CHF

Darbepoetin alfa
L e |
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Placebo

&

MNo. at Risk
Placebo
Darbepoetin alfa

Baseline & 12 15 24 30 36 42 48 54 &0
Month

1140 d66 203 BT 6 SE0 459 377 265 1582 140 oG

1133 a59 B27 673 569 465 372 2208 208 158 115

Figure 1. Monthly Hemoglobin Levels through 60 Months According to Study Group.




Placebao

Darbepoetin alfa

A Primary Composite Outcome
100
P=0.87 by stratified log-rank test

-]
T

Patients with Event [%£)
=
1
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] y/“"“:j—
=
m—/ -
'3 T T T T 1
0 1 2 3 4 5
Years since Randomization
Mo. at Risk
Placebo 1142 956 818 695 591 497 395 290 211 154 92

Darbepoetin alfa 1136 975 855 712 581 473 385 281 212 1l 101

B Death from Any Cause

100
& %0 P=0.51 by stratified log-rank test
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E 104 f//
g e =
= 20 e
E C
o T T T T 1
0 1 2 3 4 5
Years since Randomization
MNo. at Risk
Placebo 1142 1055 242 324 715 599 481 352 264 192 118

Darbepoetin alfa 1136 1053 940 816 687 573 474 351 272 201 124

C Death from Cardiovascular Causes

1004
¥ a0 P=0.56 by stratified log-rank test
s
Y
& 60—
=
= e
; 40 L —
s i e
g —
-9
4] //—Tf T T T 1
0 1 2 3 4 5
Years since Randomization
Mo. at Risk

Placebo 1142 1055 942 824 715 599 481 352 264 192 112
Darbepoetin alfa 11361053 940 816 687 573 474 351 272 201 124

D Death from Cardiovascular Causes or First Hospitalization for
Worsening Heart Failure

100+
¥ a0 P=0.92 by stratified log-rank test
s
Y
——
= 40 ,,,..—-ﬁf_-;,--:;*"-f#
t
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I I
-9
O T T T T 1
0 1 2 3 4 5
Years since Randomization
Mo. at Risk
Placebo 1142 956 818 695 591 497 395 200 211 154 92

Darbepoetin alfa 1136 975 855 712 581 473 385 281 212 11 101

Treatment with darbepoetin alfa did not improve clinical outcomes in
patients with systolic heart failure and mild-to-moderate anemia.




Xopnynon e§wyevwg
gpuBpomointivnc o aoBeveic pe XNA

* EPO pmopet va xopnynBet, av n
ouvykevtpwon the Hb<10.0 g/dl (2D)
* Av 600l EPO 0 oto)0C TNC

ouvykevtpwonc Hb sivatr 11-12 g/dl
(2C) kot navtwce ote >13 g/dl (1A)



2YMIMEPA2ZMATA

O oplopog, n naBoduoioloyia kat n Beparmneia Tou
CRS 6ev €xouv MANPwC OLeUKPLVLOOEL.

KUpLeg attiec avamntuéng CRS eival n ynpavon tou
nAnBuopou kat n  emdnuia noxvoopKiog
/dlapntn.

O uno)\ovtcuoq ™g vepplkne kabBapong eival

omapoumroq ylati  mpoodEpeL 6Lavvwom<a
TIPOYVWOTLKA KoL BEPATIEVTLKA TTAEOVEKTHLATAL.

H avaotoAn tou 2PAA pewwvel TNV Bvnopotnta Ko
voonpotnta twv Kapdlomabwyv, aAAd emMLOEVWVEL
TNV VEDPLKN AElToupyld KOl  MELWVEL TOV
aLpotokpitn mpokaAwvtog avoripio (CRAS).



XYMMEPAZMATA (2)

* EmL owdnpomnevioac pe Svoamnoppodnon ctdrpou
Aoyw dAeyuovnc anoteital IV oidbnpoc.

* Xopnynon EPO av Hb <10.0 g/dl pe otoxo Hb
11-12 g/dl (mote > 13 g/dl).

* H ouvepyaoia kapdloAoywv Kot VEPPOAOYwWV

elval anapa'antn.
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