2T

ANEAAHNIOLZYNEAPIO 2QMAtoY

NE@POAO”AZ 1 IOYNEIE; S

Mnyxaviouoi veppiknc BAaBnc¢ otnv kapdiakn
OVETTAPKELD

MNavteAnc A. Zapadidbnce, MD, MSc, PhD
Entikoupoc KaBnyntnc Nedpoloyiag A.M.0.
Nedppoloyikn KAwikn A.M.0O., Innokpatelto NocokopeLo



Kapowoxn Averapkeio kor Neppixn Brapn
Erooywyn



KapOIloveppPIKO 2UVOPOMO:
opog 100 eTwyv

Nov. 20, rgr3.]
A @linical FLecture

PAROXYSMAL DYSPNOEA IN CARDIO-
RENAL PATIENTS:

WITH SPECIAL REFERENCE TO © CARDIAC® AND
“« URAEMIC . ASTHMA.

DELIvERED AT UNiversiTY CoLLEGE HospiTAL, Loxpoxy,
NovemBeR 12T1H, 1913.

By THOMAS LEWIS, M.D., D.Sc., F.R.C.P,,

ASEBISTANT PHYSICIAN AND LECTURER IN CARDIAC PATHOI.OCGY,
UNIVERBITY COLLEGE HOBPITAL, PHYSICIAN TO OUT-

PATIENTS, CITY OF LONDON HOSPITAL.

PAROXYSMAL DYSPNOEA IN CARDIO-RENAL PATIENTS.

THe BRITISE 1 'l 1

those of a child; neither in the lips, tongue, ears, cheeks
fingers, was there the faintest trace of cyanosis. T
further examination the heart was found to be a little enlax

the pulse was at the rate of 92 per minute, oceasional ex
svstoles interrupted its rhythm, and alternation in the force
the pulse beats was seen. There were no murmurs. The ve
pulsated freely and seemed a little engorged, but the liver
not enlarged and there was no dropsy. The blood pressure

200 mm. Hg. He was passing from 600 to 2,000 c.cm. of urit
day; sometimes a trace of albumin was present, and a

granular casts were found. Over the lungs a few rhonchi w
audible,

I take this as a type case and emphasize the follow
features. The man presented some signs of a degener
heart muscle, enlargement, and especially pulsus alterna
he presented signs of renal involvement, the urine fl
was, as a rule, increased, casts were present, the blc
pressure was very high. He had urg 'spnoea, v



KapOIovE@PIKO 2UVOPOO
oTn ocUyXpovn €1Toxn

I_' h c.oé_x oundation k ::
oi: 3
STATE-OF-THE-ART PAPER

Cardiorenal Syndrome

Claudio Ronco, MD,* Mikko Haapio, MD,} Andrew A. House, MSc, MD,} Nagesh Anavekar, MD,§
Rinaldo Bellomo, MDY

Vicenza, Italy; Helsinki, Finland; London, Ontario, Canada; and Melbourne, Australia

010 3. 7711 CLINICAL RESEARCH
Heart failure/cardiomyepathy

Cardio-renal syndromes: report from the
consensus conference of the Acute Dialysis
Quality Initiative

Prof. Claudio Ronco

Claudio Ronco'?*, Peter McCullough?, Stefan D. Anker®5, Inder Anand®,
Madia Aspromonte’, Sean M. Bagshaw?®, Rinaldo Bellomo?, Tomas Berl1?,

PubMed 3/3/2011.: PubMed 19/5/20109:
1096 apBpa pe “cardiorenal” 2671 apBpa pe “cardiorenal”
308 apBpa pe “cardiorenal syndrome” 827 apOpa pe “cardiorenal syndrome”



Cardiorenal Syndrome Types I-IV

Cardiac dysfunction

- leading to renal disorder
AHF or ADHF leading J Chronic HF (Systolic or

to AKI diastolic) leading to:
— Cardiac surgery/ _ CKD )# g

cardiac procedures :
associated AKI - | — CKD progressionss =~
— CIN - N — Diuretic resistant oliguria
— CPB 8 ! :
| — Valve replacement

AKI leading to AHF CKD increasing CV. mortality.

— Volume/uremia-induced CKD increasin&CV morbidity.

AHF or ADHE . )
— Renal ischemia-induced Chromi pEKSessmn i

AHF or ADHF :
' L — Uremia-related HF
— Sepsis/cytokine-induced — Volume-related HF

AK1 and HF _ )
Renal dysfunction leading

to CV disease
Haapio M, et al. 3 Am Soc Nephrol 2008;19:388A. F-PO1245; Ronco C, et al. 3 Am Coll Cardiol 2008;52:1527-39



Box 1 | Definitions of AKI and worsening renal function in HF

AKI (KDIGO)

Stage 1
* Serum creatinine: 1.5-1.9 fold increase from baseline within 1-7 days or 226.5 pmaol/|
increase within 48 h

* Urine output: <0.5 ml-kg™*/h for 6-12 h

Stage 2

* Serum creatinine: 2.0-2.9 fold increase from baseline
* Urine output: <0.5 mlkg*/h for =12 h

Stage 3

» Serum creatinine: =z3.0 fold increase from baseline or increase =354 pmol/l or
initiation of renal replacement therapy

* Urine output: <0.3 ml-kg™/h for 224 h or anuria 212 h

Worsening renal function (HF literature)

Definitions based on creatinine level

# =26.5 pmol/l increase; 226.5 pmol/l and =25% increase; =44 pmol/l increase 1.5
times baseline; =25% increase and above 176 pmol/l

Definitions based on cystatin C

* >0.3 mg/lincrease

Definitions based on eGFR

* =20% decrease; =25% decrease; >5 ml-min™ per year decrease

Worsening renal function in chronic HF or AKl in acute HF (suggested definitions)

Worsening renal function in chronic HF

* 226.5 pmol/l and 225% increase in serum creatinine® or 220% decrease in eGFR over
1-26 weeks

* Additional criteria: deterioration in HF status but not leading to hospitalization

AKl in acute HF

* Increase 1.5-1.9 times baseline serum creatinine level within 1-7 days before or
during hospitalization or 226.5 pmol/lincrease in serum creatinine* within 48 h or
urine output <0.5 mlkg'/hfor 6-12h

* Additional criteria: deterioration in HF status or failure to improve or need for
inotropes, ultrafiltration or renal replacement therapy

Kapéiakn
AVETTAPKELO KOLL
Nedpkni BAABN

Optouoi

Schefold et al.
Nature Rev Cardiol 2016



Change in Screatinine During Hospitalization of Patients
with HF and Prognosis

HR 95% CI
+

I S

> 0.1 > 0.2 > 03 =2 0.4 = 0.5

Change in Serum Creatinine mg/dl

Smith GL et. al. February 2003 vol 9, 13-25
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Tumot Kapdlakng AVERAPKELOC

e  Chronic Heart Failure (CHF)

e Acute Heart Failure (Cardiogenic Shock)
«  Systolic Failure (LVSD) — Reduced EFHF
« Diastolic Heart Failure (LVDD) — NEFHF
e Left Heart Failure (LVF)

e Right Heart Failure (Congestive CCF)

« Forward Failure and Backward Failure

« High output failure -Thyrotoxic, Paget's, Anemia,
Pregnancy, A-V fistula

« Low output failure — 95% of HF is this



European Heart Journal

2016 ESC Guidelines for the diagnosis and
gy omene® treatment of acute and chronic heart failure

Table 3.1 Definition of heart failure with preserved (HFpEF), mid-range (HFmrEF) and reduced ejection fraction
(HFrEF)

Type of HF HFrEF HFmrEF HFpEF
| |Symptoms £ Signs* | Symptoms £ Signs® Symptoms £ Signs*
E 2 | LVEF <40% LVEF 40-49% LVEF 230%
- 3| |. Elevated levels of natriuretic peptides”; |. Elevated levels of natriuretic peptides”;
e L. At least one additional criterion: 2. At least one additional criterion:
v a. relevant structural heart disease (LVH andlor LAE), |  a relevant structural heart disease (LVH and/or LAE),
b. diastolic dysfunction (for details see Section 43.2). | b.diastolic dysfunction (for details see Section 4.3.2).

BNP = B-type natriuretic peptide; HF = heart failure; HFmrEF = heart failure with mid-range ejection fraction; HFpEF = heart failure with preserved ejection fraction; HFrEF =
heart failure with reduced ejection fraction; LAE = left atrial enlargement; LVEF = left ventricular ejection fraction; LVH = left ventricular hypertrophy; NT-proBNP = N-terminal
pro-B type natriuretic peptide.

*Signs may not be present in the early stages of HF (especially in HFpEF) and in patients treated with diuretics.

"BNP=35 pg/ml and/or NT-proBNP =125 pg/mL



Clinical Presentation
Elevated BP (above 160 mm HE)

MNormal or mederately elevated BP

Low BP (<90 mm Hg)

Cardiogenic shock

Flash pulmanary edema

ACS and AHFS

Isclated right HF from pulmonary
HTN or Intrinslc RV fallure (e.g.,
Infarct) or valvular
abnormalities (e.g., tricuspld
valve endocarditls)

Post-cardiac surgery HF

Oécia Kapdiakn AvenapkeLla

Incidence™

~25%

~20%

<8%

3%]|

~25% of ACS have
HF signs/symptoms

KAwvikol «turtot»

Characteristics Targetst and Therapies$
Predominantly pulmonary (radlographic/clinical) with or without Target: BP and volume management
systemic congestion. Many patients have preserved EF. Therapy: vasodilators (e.g., nitrates§, nesiritide,

nitroprusside) and loop diuretics

Develop gradually (days or weeks) and are assoclated with Target: volume management
systemic congestion. Radlographic pulmeonary congestion Therapy: loop diuretics + vasodilators
may be minimal In patlents with advanced HF.

Maostly related to low cardlac output and often assoclated with  Target: cardlac output
decreased renal function. Therapy: Inotropes with vasodilatory propertles
(e.g., milrinone, dobutamine, levosimendan);
conslder digoxin (Intravenous and/or orally)
* vasopressor medications = mechanlical
assist devices (e.g.. IABP)
Rapld onset. Primarlly complicating acute MI, fulminant Target: Improve cardiac pump function
myocarditls, acute valvular disease. Therapy: Inotropes * vasocactive medications =
mechanical assist devices, corrective surgery

Abrupt onset. Often precipitated by severe systemic Target: BP, volume management
hypertension. Patlents respond readily to vasodilators Therapy: vasodilators, diuretics, Invasive or NIV,
and diuretles. maorphineq

Rapid or gradual onset. Many such patlents may have signs and Target: coronary thrombosis, plague

symptoms of HF that resolve atter resolution of Ischemla. stabllization, correction of Ischemla
Therapy: reperfusion (e.g., PCL. lytics, nitrates,
antiplatelet agents)
Rapld or gradual onset due to primary or secondary PA Target: PA pressure
hypertension or RV pathology (e.g2.. RV Infarct). Not well Therapy: nitrates, epoprostenol,
characterized with little epldemiological data. phosphodlesterase Inhibitors, endothelin-
blocking agents, coronary reperfusion for RV
Infarcts, valve surgery
Occurring In patients with or without previous ventricular Target: volume management, Improve cardlac
dysfunction, often related to worsening diastelic functien and  performance (output)
volume overload iImmediately after surgery and the Therapy: diuretic or fluld administration
subsequent early post-operative interval. Can also be caused (directed by filling pressures and cardlac
by Inadequate intra-operative myocardial protection resulting Index), Inotroplc support, mechanical
In cardiac Injury. assistance (IABP, VAD)

Gheorghiade & Pang. J Am Coll Cardiol 2009
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retention

Fluid overload symptoms
Mo rbidity
Death
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 Fixed factors
— Middle and older-aged persons
— African-Americans
— Individuals with:
* Hypertension
 Diabetes
 Chronic Kidney Disease

* Modifiable
— Low potassium intake
— Poor quality diet

Sarafidis & Bakris. J Am Coll Cardiol 2008
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Acute heart disease
or procedures

Acute decompensation
Ischemic insult
Coronary angiography
Cardiac surgery

.

Kapbdlovedppiko 20vdpopo Tumov I:
0¢L Kapdiovedpiko Zuvdpopo

Hemodynamically mediated damage

A

Decreased
perfusmn
Decr'eased
[ncreased
Exogenous factors VENous
Contrast media pressure
ACE inhibitors
Diuretics Toxicily

Vasoconstriction

......... Sympathetic Acute renal injury

e activation RN

Acute hypoperfusion
Reduced oxygen delivery
Necrosis/apoptosis
Decreased GFR
Resistance to ANP/BNP

Humorally mediated damage

e RAA activation, P
""" Na + H,O retention,”™ ™" .
vasoconstriction Biomarkers
KIM-1
) Cystatin-C
\ at] . N-GAL
BNP atriuresis : Creatinine
\\\__ Hormonal ,_)/ :
factors h
Humoral :
signaling Cytokine !
. Immune secretion
Caspase mediated K
activation @ S
Apoptosis --..-- \ Caspase ’
/ C activation Ronco C et al '
Apoptosis

-
-
__________

J Am Coll Cardiol 2008

aclivation

Endothelial
activation



Kapélovedpko 20vépopo Tumov Il:
Xpovio Kapdiovedpiko Zuvdpopo

Increased
susceptibility

Anemia aee .
to insults

Na + H,O retention
Uremic solute retention
Ca and Phos abnormalities
Hypertension

Chronic hypoperfusion
Apoplosis

Genetic risk factors
Acquired risk factors
low cardiac autput (CO)

Chronic Low cardiac output (CO)

heart Subclinical inflammation Insult and
. Endothelial dysfunction T
disease Accelerated atherosclerosis Il'.lltlﬂtl{)n of
kidney damage

Chronic hypoperfusion

Increased renal vascular resistance
Increased venous pressure

L3 »* Embalism

Sclerosis - Fibrosis

| : -.. Anemia, hypoxia
% " RAA and sympathetic activation
Na + H,0 retention L
Ca and Phos abnormalities
Hypertension, LVH

Ronco C et al, J
Am Coll Cardiol
2008

., Anemia .
“=~.. Na + HO retention o> Progression
Uremic solute retention  ____..c--e--7777 AN T of CKD
Ca and Phos abnormalities
Hypertension



O¢eia Kapbrakn Avenapketa kot Nedppikn BAaBn

Mnyaviouoi

“Vasomotor” Nephropathy

Intrinsic Renal Disease ,
* Decreased cardiac output and/or

* Diabetes ) systemic vasodilation
* Hypertension ™ + High renal venous pressures
* Arteriosclerosis ' * Neurohormonal activation

* High dose loop diuretic therapy

Cardio-renal Syndrome

Worsening renal function during
hospitalization, in spite of clinical
improvement in response to
therapy for HF and adequate
intravascular volume

Gheorghiade M. J Am Coll Cardiol 2009
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Global versus regional haemodynamics

13% blood volume

'Capacitance' Exchange Resistance Distribution

Aorta
Arteries
Arterioles
apillaries
Venules
Veins
'ena Cava

-
'

Copyright © 2004 Pearson Education, Inc., publishing as Benjamin Cummings



GFR (ml/min/g) RBF (ml/min/g)

‘Exkpion pevivng (ng Al/ml/h )

Aptnplakn MNieon ko NMpovedppikn ONA

1 1 1 L 1 1 %fi ; IF‘i-__

20 40 60 80 100 120 140 160

Mson mmieon vegpikng aptnpiag (mm Hg)

H oxeon Tn¢ nieong dINGnong Tou
VEQPOU HE TNV VEPPIKN daigaTtikn pon
(RBF), TO pPUBPO  ONEIPAMATIKAG
d0INdnong (GFR) kal TNV €KKPION PEVIVNG
o€ kKUVeEC. H nieon dINBNoNnc eAeyxoTav Ue
agpoBaAlapo nou e€ixe TonoBeTnOei OTN
VEQPIKN apTtnpia. O1 PeTaBoAEC TNC
aneikovilovralr OTO OXNMA HE  TIC
AVTIOTOIXEC METABOAEC OTn MEON nieon
TNG VEQPIKNG apTnpiac. MNTwaon oTtn JeEoN
nieon TnNG VEPPIKNG apTnpiac katw an’ To
eninedo Twv 95 mmHg nepinou
(threshold pressure) odnyei oe anoToun
au&non TNG EKKPIONG pevivng. Av n nieon
OUVEXIOEI vad UMOXWPEI O aKOMN
xapnAoTepa enineda, 6a neosl npwTa o
GFR kal otn ouvexela n RBF. Ta duo
auTa peyedbn epgavifouv eniong oéeia
METABOAN META ano €va OPICHEVO €NiNedO
nieong kai Ta Tpia auta snineda angxouv
nepinou 15 mmHg TO €va ano To aAAo

2apagiong I1 ko1 ovv.,
Aptnproxn Yrépraon 2001




Blood flow
(% baseline)

Renal medullary ischaemia

100 - 30 min ischemia 180 min reperfusion
’-.\’—q
80 - F:/T/\’
\\ REPERFUSION INJURY
60 - Moo
S ~~o
40 -
1
n
- ln Jj — Cortex
" === Outer medulla
D | | | | | | | | | | | T

NI ER N PCIRCIR RPN

Time (min)

Regener Curr Opin Nephrol Hypertens. 2012 ; 21(1): 33-38



AY kot ONB otnv Kopdiakn Avemapkeira

443 patients treated for ADHF

Incidence (%)
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Kapéiakn mapoxn kat eGFR

575 patients who underwent right PAC of the ESCAPE trial (mean EF 23£12%, Cl 2.3+2.1
I/min/m?2and a right atrial pressure of 149 mm Hg)

eGFR (mL/min/1.73 m2)

o e
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~N Linear regression
3-knot cubic spline
4-knot cubic spline
@) e Fractional polynomial
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Hanberg, et al. J Am Coll Cardiol 2016



eGFR, RBF & Filtration Fraction

@ Low RBF, FF = 60% @ High RBF, FF = 25% €@ High RBF, FF = 10%
= ULTRAFILTRATION * ULTRAFILTRATION * ULTRAFILTRATION
PRESSURE GRADIENT PRESSURE GRADIENT PRESSURE GRADIENT
40 mmHg - Aol - e L5 -
/r s : 40 mmHg = N 40 mmHg =
CAPFILLARY { rnrg L E0) i) //‘/__"'LCI oG] VD g 0 mwnbigl (V0 surdyg
25 mmHg | Mg 26 mmHg |11, wmmg T
= - "E 0 iramibigg) - : - nE B il — i - n,.B 00 b ich
AL EA AA EA AA EA
100 mmHg 10 mmHg
Afferent Arteriole (AA) Efferent Arteriole (EA)
Bowman’s space

Verbrugge et al. Eur J Heart Failure 2013



Relative resistance
Renin

eGFR, RBF & Filtration Fraction

Adenosine

vas afferens

vas efferens

Filtration fraction (%)

890
Renal arterial pressure (mm Hag)

Qo

Rendl blood flow (ml/min)

o Sl

1000
Renal blood flow (ml/min)

A LowFF

Proximal Na*
reabsorptian Tubular flow —

+

Macula densa
{renin)

Distal Ma*
reabsorption

B HighFF

Low tubular flow —

N

++

RAAS
stimulation

Mullens & Nijst. J
Am Coll Cardiol
2016

High tubular Na* avidity



EMPAREG-OUTCOME
NoonAegia yia Kapbdiakn AVETTAPKEIO

- HR 0.65 Placebo
(95% CI 0.50, 0.85)

61 p=0.0017

5-

4-

Empagliflozin

Patients with event (%)

-
| T T T T T T T 1
0 6 12 18 24 30 36 42 48
Months
No. of patients
Ermpagliflozin 4687 4614 4523 4427 3988 2950 2487 1634 395
Plocebo 2333 2271 2226 2173 1932 1424 1202 775 168

3“‘:‘ EMPA-REG

Cumulative incidence function. HR, hazard ratio _w . OUTCOME®
" e

published Online, September 17, 2015, at NEJM.org. DOI: 10.1056/NEJM0al1504720 e 135
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Role of high CVP in AKI

mﬁmﬁm Distal convoluted
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J Clin Invest. 2011;121(11):4210-4221
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Importance of Venous Congestion
for Worsening of Renal Function in
Advanced Decompensated Heart Failure

Wilfried Mullens, MD, Zuheir Abrahams, MD, PHD, Gary S. Francis, MD, FACC,
George Sokos, DO, David O. Taylor, MD, FACC, Randall C. Starling, MD, MPH, FACC,
James B. Young, MD, FACC, W. H. Wilson Tang, MD, FACC

Cleveland, Obio

Objectives

Background
Methods

Results

Conclusions

To determine whether venous congestion, rather than impairment of cardiac output, is primarily associated with the
development of worsening renal function (WRF) in patients with advanced decompensated heart failure (ADHF).

Reduced cardiac output is traditionally believed to be the main determinant of WRF in patients with ADHF.

A total of 145 consecutive patients admitted with ADHF treated with intensive medical therapy guided by pulmo-
nary artery catheter were studied. We defined WRF as an increase of serum creatinine =0.2 mg/dl during
hospitalization.

In the study cohort (age 57 + 14 years, cardiac index 1.9 + 0.6 |/min/m?, left ventricular ejection fraction 20 +
8%, serum creatinine 1.7 + 0.9 mg/dl), 58 patients (40%) developed WRF. Patients who developed WRF had a
greater central venous pressure (CVP) on admission (18 = 7 mm Hg vs. 12 = 6 mm Hg, p < 0.001) and after
intensive medical therapy (11 = 8 mm Hg vs. 8 = &5 mm Hg, p = 0.04). The development of WRF occurred less
frequently in patients who achieved a CVP <8 mm Hg (p = 0.01). Furthermore, the ability of CVP to stratify risk
for development of WRF was apparent across the spectrum of systemic blood pressure, pulmonary capillary
wedge pressure, cardiac index, and estimated glomerular filtration rates.

Venous congestion is the most important hemodynamic factor driving WRF in decompensated patients with ad-
vanced heart failure. (J Am Coll Cardiol 2009;53:589-96) @ 2009 by the American College of Cardiology
Foundation



DAk Zupdopnon otnv Kapdrakn Avemapkela

145 patients admitted with ADHF (age 57+14 years, cardiac index 1.9+0.6 I/min/m?, LVEF
20£8%, serum creatinine 1.7£0.9 mg/dl),
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Mullens, et al. 3 Am Coll Cardiol 2009



DAk Zupdopnon otnv Kapdrakn Avemapkela

Worsening Renal Function
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Figure 2 ROC Curves for CVP and Cl on
Admission for the Development of WRF

Mullens, et al. J Am Coll Cardiol 2009



DAepkn Zupdopnon ka eGFR

2,557 patients who underwent right heart catheterization (eGFR was 65+24 ml/min/1.73 m?,
cardiac index of 2.9 £ 0.8 I/min/m2 and CVP of 5.9 + 4.3 mmHg)

80 - - 500 30 -
70 -
] o - 400 70 4
= 60 -
o z %
= 50 - S o o6h-
" RTIT- S
2 £ =
. L —
= 40 - ) =
2 § 5 5-
- L20 E OB
i =
2 z [
= 20 - T 0 -
% - 100
10 -
30 Y
/

Ll U/

1 L] T L) L) T 1

] 10 15 20 25 30 i
1] 5 m 15 20 25 n

CYP (mmHg)

Figure 2 Curvilinear Relationship Between CVP and
Distribution of CVP and Curvilinear Relationship eGFR According to Different Cardiac Index Values

“. =
0
Figure 1 . .
Between CVP and eGFR in the Study Population
Adjusted for age, sex, and cardiac index. The curvilinear model had the follow-
ing individual polynomial components for the relationship between CVP and
eGFR: First order: ¥ = —25.8-(CVP + 1)/10 (Wald 28.2, p < 0.0001) and sec-
ond order: Y = 35.7-([CVP + 1]/10)% (Wald 17.4, p < 0.0001). CVP = cen-

tral venous pressure, eGFR = estimated glomerular filtration rate. Damman, et al. J Am Coll Cardiol 2009

p = 0.0217 for interaction between cardiac index and CVP on the relationship
with eGFR. Solid line = cardiac index <2.5 I,/mln/mz; dashed line = cardiac
index 2.5 to 3.2 I/min/m?; dotted line = cardiac index >3.2 I/min/m>. Abbre-
viations as in Figure 1.



DALk Zupdopnon Kat rtieon StROnon¢

Venous Bowman’s Normal # RA pressure
(Efferent) capsule Afferent Efferent Afferent Efferent
| endof endof endof  endof
\ glomerular glomerular  glomerular glomerular
capilla capillar capilla capilla
Giomgrular Forces (nﬁnﬂg (rgmHg); (nmeg) (mpmﬂg
capillary 1. Favoring Filtration
T Glomerular-capillary 60 58 55 63
hydrostatic pressure, P
| TTge ¥ 2. Opposing F i!tration
| a. Hydrostatic pressure 15 15 15 15
/ in Bowman’s capsule, Py
b. Oncotic pressure in
' glomerular capillaries, e 21 33 21 33
Arterial
(Afferent) Net filtration pressure (1-2) 24 10 19 15
Filtration pressure: 14 mmHg 4 mmHg

Fi-{II -3 B Impact of Venous Congestion on Glomerular Net Filtration Pressure

Jessup & Costanzo. J Am Coll Cardiol 2009




DAepkn Zupdopnon kat Mpoyvwon KA

224 patients with HF were prospectively enrolled; IRD profiles of interlobar vessels assessing
arterial resistance index (RI), venous impedance index (VII), and intrarenal venous flow (IRVF)
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lida, et al. J Am Coll
Cardiol Heart Fail 2016

Color Doppler flow images from a right kidney. (A) *Doppler cample volume pesition in the interlobar vessels. Intrarenal artery flow
{upward Doppler signals) and vein flow {downward Doppler signals) in (B) a continuous venous flow pattern, (C) a biphasic pattemn, and (D) a
monophasic pattern



DAeBkn Zupdopnon kat NMNpoyvwon KA

224 patients with HF were prospectively enrolled; IRD profiles of interlobar vessels assessing
arterial resistance index (RI), venous impedance index (VII), and intrarenal venous flow (IRVF)

1.0 -
_é" a
=
3
o 0.8 -
o
&
“ 06 -
e
o
=
@
@ 04 -
=
©
=
E o02-
O Log Rank p<0.001
0.0 -
| I | | 1
o 100 200 300 365
Follow-up days
Number at risk
Continuous flow 117 115 108 104 93
Biphasic flow a1 42 28 2d 16
Monophasic: flow 49 28 18 " &

lida, et al. J Am Coll

Kaplan-Meier curves at 1-year follow-up for the probability of freedom from death from Cardiol Heart Fall 2016
cardiac causes and unplanned hospitalizations for heart failure of 3 classifications of
intrarenal venous flow. IRVF = intrarenal venous flow.




Mnyoviouoi Neppixng Brapng otnyv KA
Nevpoopuovikn evepyomoinon
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Adapted from Berk B. 2001.



AAdoaotepovn kot Nedppikny BAaBn
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* Aldosterone
/chTIVATION\\‘
Inflammation Growth factors  Extracellular matrix  Cell proliferation
ROS CTGF Collagen (I, IV) Fibroblast growth
MCP-1 TGF-13 PAI-1 Fibroblast proliferation
IL-6
IL-1B

Glomerulosclerosis/

Tubulo-interstitial fibrosi

Y

[- Renal scarring

Remuzzi et al. J Am Soc Nephrol 2008



2NZ kot Neppikn BAapn

CAUSE = CENTRAL INTEGRATION =3 CONSEQUENCE

Glomerulosclerosis
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Schlaich et al. J Am Soc Nephrol 2009



Mnyoviouoi Neppixng Brapng otnyv KA

Tocikotnto oo Dopuoxo.



H dovpooepuidn eAattwveL To pUONO OTELPAMOTIKAC StOnonc

15 _ FLKOVLKO 63 patients with CHF
dXpUXKO

PA (% pmeToxBoAn 0-8 wpeq)

" dovpOoTEULON
-15 |
| |
-25 | | | | J
0] 500 1000 1500 2000 2500

Awovpnon 8wpov (ml)

Gottlieb SS, et al. Circulation. 2002;105:1348-1353



Dose of loop diuretics and outcomes in HF

o 395 patients with HF that
. received diuretics
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Furosemide Activates Neurohormonal Systems in HF
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Bayliss et al. Br Heart J. 1987;57:17



Effects of Torasemide vs. Furosemide on Cardiac
Sympathetic Nerve Activity in CHF: 123|-MIBG imaging

N=40 patients with non-ischaemic CHF, LVEF <45%, randomly assigned to:
A. Torasemide (4-8 mg/day; N=20) or B. Furosemide (20-40 mg/day; N=20)

Total defect score (TDS)

p <0.001 NS

Washout rate (WR)

o | | | |

p <0.001 NS

Torasemide Furosemide
| | | |
o]

0 6 M 0 & M

Kasama, et al. Heart 2006:;92:1434-1440



Nesiritide and Worsening Renal Function in ADHF

Events, n/N (%)

Nesiritide Control RRuy (95% CI) P
Nesiritide =0.03 vs non-inotrope based controls 134/610 (22) 60/389 (15) 1.52 (1.16-2.00) 0.003
Nesiritide =0.03 vs all control therapies, including inotropes 163/772 (21) 69/472 (19) 1.54 (1.19-1.98) 0.001
Nesiritide =0.015 vs non-inotrope based controls 100/442 (23) 60/389 (15) 1.46 (1.09-1.95) 0.012
Nesiritide =0.015 vs all control therapies, including inotropes 99/464 (21) 69/472 (15) 1.47 (1.12-1.93) 0.006
Nesiritide =0.06 vs non-inotrope hased controls 140/635 (22) 60/389 (15) 1.53 (1.16-2.00) 0.002
Nesiritide =0.06 vs all control therapies, including inotropes 169/797 (21) 69/472 (19) 1.54 (1.20-1.99) 0.001

Nesiritide doses refer to infusion rates (ug - kg™

- min~") that followed bolus administration.

Sackner-Bernstein, et al. Circulation 2005



Dappaka yra « AAAEC» eVOELeLC

* Metformin (lactic acidosis and worsening heart function due
to a negative inotropic effect ).

 lodinated contrast (transient vasoconstriction & direct
tubular toxicity)

e Antibiotics (acute tubular necrosis, acute interstitial
nephritis)

 Chemotherapeutic agents (acute tubular necrosis, acute
Interstitial nephritis, tumor lysis syndrome)

Ronco et al. J Am Coll Cardiol 2012



Mnyoviouoi Neppixng Brapng otnyv KA

DAeyuovn Ko 0CELOWTIKO OTPES



KA, ®Aeypovn kot Neppikny BAaBn

e Patients with ADHF have excessive increase of proinflammatory
cytokines and proapoptotic factors show and defective regulation of
monocyte apoptosis

* Renal tubular epithelium is particularly vulnerable to ischemic
Injury resulting in cell death by apoptosis and necrosis

 During AKlI with strong association between intra-renal
Inflammatory activity and renal cell apoptosis.

o Inflammation increases capillary permeability (pulmonary fluid
overload, inadequate renal perfusion pressures, peritubular edema

etc.)

Ronco et al. J Am Coll Cardiol 2012
Di Lullo et al. Ind Heart Journal 2017



Cardio-Renal Syndrome Type 1
Inflammation/humoral theory
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Percentage of Apoptosis
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APOPTOSIS STUDY IN CRS T.1 and CONTROLS

Evaluation of percentage of apoptosis in U937 cells after incubation with plasma from CRS Type1l
patients and healthy volunteers for 72h and96h
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APOPTOSIS STUDY IN HEART FAILURE

Evaluation of percentage of apoptosis in U937 cells after incubation with plasma
from Heart Failure Patients developing CRS Type 1 (HF/AKI) or not (HF/No AKI)
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KA, O¢eldbwtiko otpeg kat Nedppiky BAaPn

e Oxidative stress Is a final common pathway for cellular
dysfunction, tissue injury, and organ failure.

*In type 1 CRS there is increase in circulating reactive oxygen
species (ROS) and reactive nitrogen species (RNS), increased levels
of NADPH oxidase and myeloperoxidase

* These enzymes promote hydrogen peroxide (H.O.) conversion into
nitrogen dioxide (NO. and other species, leading to oxidative
damage of several critical molecules implicated in the pathogenesis
of AKl and CKD

Ronco et al. J Am Coll Cardiol 2012
Di Lullo et al. Ind Heart Journal 2017



KA, O¢eldwtiko otpeg kat Nedppiky BAaPn

TaBLE 3: Oxidative stress and IL-6 levels in AHF, CRS Type 1 patients, and CTR.

AHF CRS Type 1 CTR P value
MPO, pg/mL 505.6 (421.7-547.8) 746.9 (665.2-940.0) 10.1(6.0-19.3) <0.01
NO, uM 205.6 (95.0-277.5) 507.3 (404.7-557.3) 9.5(6.1-12.2) <0.01
Cu/ZnSOD, pg/mL 184.5 (160.5-192.0) 274.5 (191.8-326.8) 58.9 (51.7-70.9) <0.01
EPA, U/L 274.5 (191.8-326.8) 2978.4 (2071.8-4069.9) 2.0(0.9-3.9) <0.01
IL-6, pg/mL 22.19 (16.6-24.6) 90.68 (59.9-105.3) 5.9(3.4-76) <0.01

Values denote medians (IQR).

Oxidative stress in AHF and CRS Type 1 patients

e B 400 4 50004 - - - - e e
40004 -«
1500 4 -« - v e 300
=) ~ —
£ = =
E; g 5 30004 -
- =)
gmoo------------ “ 5200- S
S £ 20004
S
S5007- - 200 . A 100 - e
1000+ - |
R [ S [ L
AHEF CRS Type 1 AHF CRS Type 1 AHEFE CRS Type 1 AHF CRS Type 1
P =0.00017 P = 0.00005 P =0.0489 P =0.00209

Virzi et al. Oxid Med Cell Longevity 2015



Mnyoviouoi Neppixng Brapng otnyv KA
Aidor Hopayovreg



Nayxvoopkia kat Kopdiovedppiko Zuvépopo

Diabetes

Sleep Apnea Heart Disease

G.l. TractDisorders l l I ' Kidney Disease

Obesity

High Blood Pressure
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Kaxeéia kat Kapbdiovedpiko Zuvépopo

Non-oedematous weight
loss of >6% of total body
weight over a period of 6
or more months

CRS TYPES 1-2 CRS TYPES 3-4

Na and fluid overload
Chronic inflammation
Uremic Toxins
Malnutrition

Anemia

EPO resistance

pH abnormalities

Ca-P abmormalities
Lack of VDR activation
Soft Tissue calcifications

Low Cardiac output

Na and fluid overload
Chronic hypoperfusion
Embolism

Venous Congestion
Chronic inflammation
Cardiac Remodeling
Endothelial Dysfunction
Acceler. Atherosclerosis

S>=XMIOP>O

Malnutrition, loss of >10%
of lean tissue or percent
of ideal weight <90% .

CKD Progression, Apoptosis Heart Failure, Systolic/diastolic
Necrosis, Fibrosis, Sclerosis dysfunction, Myoc.Remodelling



A

> Anemia and lron deficiency
AKI CKD

Reduced Blood Viscosity
Decreased Oxygen Delivery
Increased Sympathetic Activity
Hyperdynamic circulation

Y Cardiac Work
Y Cardiac Output

~.

Y Arterial diameter and volume Y Left ventricle hypertrophy

Y Arterial wall tension Y Left Ventricle wall tension

Eccentric Left ventricle
remodelling of the eccentric
arterial system remodelling

AKI 11 CKD




Mnyxaviopoi Nedppikng BAaBnc otnv KA
JUMTEPACHOTA

Mechanisms

Hemodynamic

Systemic event
Cardiac output 1
Venous congestion
- RAAS/SNS activation: SVR 1

Renal response
-RBF L
Renal venous congestion
- Renal interstitial pressure 1
- Peritubular pressure 1
- Impaired autoregulation

Renal perfusion pressure |
GIR 1

Histalogical correlats

Tubular damage
glomerular
dysfunction
{interstitial fibrosis)

Treatment

{_Af Fua)

| Urine output

Biomarkers

\ C.g. NGAL, natriurelic

peptides, mid-regional
pro-adrenomedullin,
5T2

Creatinine, cystatin C
Proteinuna/uMCR

Clinical outcomes

Woarsening HF
Prolonged
hospitalization
Re-admission
Sudden death
CRS type 3/5

Prior CKD |

Diuretics/ultrafiltration
Vasodilators/vasopressors
- Inotropes

MNon-hemodynamic

Oxidative stress
Humoral/cellular immunity
- Endothelial/microvascular
dysfunction
- Electrolyte regulation

Prognosis

Recovery
Complete
Partial
Persistent CKD
Persistent HF

No recovery
Death
Palliative care

Haase M, et.al. Contrib Nephrol 2013
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