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Patients with ESRD often have
left ventricular hypertrophy at
autopsy
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Type 1:
acute cardio-
renal syndrome

Acute HF
leading to AKI

Type 2:
chronic cardio-
renal syndrome

Chronic HF leading

to progressive and
permanent CKD

Type 3:
acute reno-
cardiac syndrome

AKI causing
acute HF

Altered cardiac

and/or renal
haemodynamics
might be of
particular
importance

Accelerated renal
cell apoptosis
and replacement
fibrosis might

be of particular
importance

Salt and water
imbalance, uraemia-
induced effects and
neuro-hormonal
dysregulation might
be key in this setting

Type 4:
chronic reno-
cardiac syndrome

CKD leading to
chronic HF and
CKD progression

Type 5:
secondary cardio-
renal syndrome

' Microcirculatory
CKD-induced dysfunction, altered
myopathy might innate and adaptive
be of particular immune responses and
importance in cytokine release, and
this setting other effects result in

simultaneous organ injury

Schefoldet al NatureRevNephrol 16: 610623, 2016



Common SCr- based definitions of CRS

AKIN
Stage 1 [ncrease in serum creatinine of 226.2 umol /] or Acute serum creatinine changes occur
increase to 2150-199% (1.5- to 1.9-fold) from within a 48-hour period during
baseline hospitalization
Stage 2 Increase in serum creatinine to 200-299%
(>2- to 2.9-fold) from baseline
Stage 3 [ncrease in serum creatinine to 300% (=3-fold) from
baseline or serum creatinine 2354 pmol/l with an
acute rise of at least 44 pmol/] or initiation of RRT
KDIGO|
Stage 1 >1.5 times baseline®* or 0.3-mg/dl increase** * Defintion of AKI requires serum creatinine
changes 21.5 times baseline to have
occurred within 7 days, or ** a 0.3-mg/dl
increase in serum creatinine must occur
within a 48-hour time period
Stage 2 »2 times baseline
Stage 3 >3 times baseline or increase in creatinine to
>4.0 mg/dl
WRF

Increase in serum creatinine from baseline of
>0.3 mg/dl (26.5 pmol/])

Serum creatinine change can occur at any
time during admission




Definition of CRS-1

A CRS type 1 or acutardiorenalsyndrome(CRSL) is
characterized by an acute cardiac disedsadingto
AKI.

A Themost commonetiologiesfor an acute cardiac
disease include

V acute decompensated heart failure (AHF), or acute
worsening of pre-existing heart failure

V acute coronary syndrome (ACS),
V cardiac surgery (CS),
V (coronary angiography)



Characteristics

of definitions of AKI and worsening
renal function

KDIGO HF literature Suggested definition’
Acute kidney injury (AKI) Worsening renal function (WRF) WRF in chronic HF/AKIin acute HF
Stage Serum creatinine Urine output Definitions used Serum creatinine/eGFR ~ Additional criteria
I Increase15-19timesbaseline  <0SmlAghfor  Definitionsbasedon ~ >/>265 umollLincrease Chronic HF (WRF)’
within 1-7 days OR 6-12h creatining >165 umollLand >25%increase  >265 pmollLand > 25% Deterioration in HF status but not
> 265 mollL increase >[>44 umollL increase increaseinsCr® OR > 20% leading to hospitalization
within 48 h > 1.5 times baseline decrease in eGFR over 1-26
> 15% increase and above weeks
176 pmollL Acute HF (AKI)’
1 lIncrease20-29timesbaseline  <0Smlkghfor  Defintionsbasedon > 03mglLincreaseincystatin € Increase 1519 times baseline  Deterioration in HF status or
>12h cystatin C sCr within 17 days beforeor  faluretoimprove OR Needfor
3 Increase >30timesbaseine OR <03 mUkghfor  Definitions basedon eGFR > 20% decrease duringhosptalzztion OR ; notrope,utrftration or
crease >34 pmolLOR > > 15% decrease 2165 pmolLincreaseinsCr™ - renalreplacement therapy
Initaion of renal replacement R > 5 mliminfyear decrease witn 48 OR Urine outpt
therpy Aouria >12h <05 mUkghfor 6-12h

Damman et alEuropean Heart Journal (2014) 35, 3434816



AKIl according to the 3 stages of AKI and
subclasses of CRS-1

Percentage m Stage 1 m Stage 2 m Stage 3

40 [27,6-39,6]

CRSl all cases

34,2 :
35 AHF: acuténeart failure
30 ACS: acuteoronarysyndrome
CSrcardiacsurgery
25
[ 9,1-24] [9,6-22]
20 17,9 17,9
[10,4-18,6]
15
11,7(5,7.9,3] 8,2-9,6]
10 9.1 9,2
[3,5-6,9][1 053 [3,7-4,5[]1 038 (3,55.6]
5 4436 43 35 4,403
, HE L L
CRS-1 AHF ACS CS

Vandenbergheet al, CardiorenalMed 2016;6:116128



Updated meta-analysis on CKD, WRF and mortality
In heart failure

I CKDeGFR< 60 mi/min (57 studies; 1076101 subjects)
Prevalence32%

I Increasedhll causemortality: OR 2.34
I More sofor HFpERhan for HFrEF

- WRF (28 studies; 48890 subjects)
Occurredn 23%
- 23% Iin ADHF; 25%ahronicHF

- Increasedverallall causemortality: OR:1.81
1.75 in ADHF; 1.96 aihronicHF

Damman et aEuropean Heart Journal (2014) 35, 4869



Simplified pathogenesis of CRS type 1-
a combination of factors

\ ( Increasedccentral )
venoudintra -

ReducedCO abdominal

-

pressure

Systemic
inflammation

~N

-

~N

Oxidativestress

J

N L7

\_

Renaldysfunction

J




Majority of patients with acute heart failure

have kidney dysfunction
ADHERE database ( n=118465)

65% have ateastmoderate CKD
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Impact on survival:eGFR calculations In
heart failure patients
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Prevalence of WRF During Hospitalization 1 no major role for general
hemodynamicsAccording to Categories of Admission CVP, Cl, SBP, and

PCWP
100 100
€ o CVP 2 o Cardiadndex
: :
°°' 7 )
; 40 / % 40
s s
0~—- /A od_. . y /A .
CVP<8mmHg  CVP8- 16mmHg "CVP 16- 24mmHg CVP > 24 mmHg Cl< 1.4 Uminim® Cl<1.4-2.0 Uminim® C12.0 - 2.6 Uminim?*  CI >2.6 Umin/m?
Cr=1640.9 Cr=1.6£0 Cr=17+08 Cr=2.121.1 ~ mg/dl Cr=1.720.7 Cr=1,5¢0.7 Cr=1.9+0.9 Cr=22409 mgldl
100 100
% & SystolicBP 2 o] Pulmonarycapillarywedge
g % pressure
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RO mEMAE
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SBP < 95 mmHg sapgrs mmmmsapno 125mmHg SBP > 125 mmHg

Cr=1.7£09

Cr=16£09

Cr=16209 mg/idl

PCWP < 20mmHg PCWP 20 - 26mmHg PCWP 26 - 32mmHg PCWP > 32mmHg
Cre1.840.9 Cr=1.640.6 Cr=1540.7 Cr=16407  mgldl

Mullenset al,J AmCollCardiol2009;53:589596



Changes in Serum Creatinine {mg/dL)

Two important pathophysiologicaimechanisms
In the cardiorenal syndrome
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Fluid removal and kidney function in
ADHF

A Highvslow dosediuretic— t fluid andweight
loss but more WRF in DOSE

A Ultrafiltration

ANoimprovementin renalfunction vsloop diureticsin
ADHF in UNLOAANd RAPIBCHF

AFurtherworseningof renalfunction during
hospitalizatiorand 30 daysafter discharge irpatients
with ADHFRand WRF in CARRESB



Findings indicating a higher risk of
superimposed (acute) renal dysfunction in
patients with severe heart disease

A Persistently low urinary sodium, in spite of the use of maximal
doses of combined diuretics

A Increased plasma urea/creatinine ratio and uric acid
A Mean arterial pressure < 80 mmHg

A Hyponatremia: indicates maximal neurohumoral compensatory
systems

A Changes,even minok in effective circulating volume,e.g. salt |
restriction, diarrhea, vomiting, insensitive fluid loss, blood loss, hi
tc tachypnea

A Other : angiographic contrast, diabetes,older age, major surgery

Falyeée 2F (KS&S OANDdzradal yoSa YI 1S dz



The mechanism explaining the defect in renal
sodium and water excretion in both high- and low-
output heart failure.

High-output Low-output
cardiac failure cardiac failure
¥ Peripheral

L 4 i
vascular resistance Cardiac output

\ } Fullness of the /

arterial circulation

l

t Nonosmotic t Sympathetic t Renin—angiotensin—
vasopressin - nervous system ————» aldosterone system
release activity activity
\ Simirislied /
renal hemodynamics
and

renal sodium and
water excretion

SchrierAbaraham NEnglJMed 1999, 341, 577585



Arterial Underfilling Leads to Diminished Distal Tubular
Sodium and Water Delivery, Impaired Aldosterone Escape,
and Resistance to Natriuretic Peptide Hormone.

Decreased cardiac output or

/ primary peripheral arterial vasodilatation \

Renal { Renal perfusion t a-Adrenergic t Angiotensin Il
vasoconstriction pressure activity activity

. T e

t Proximal tubular
}Glomerular sodium and water

filtration rate reabsorption

— -

{ Distal sodium
and water delivery

l

Impaired escape from actions of aldosterone
and resistance to natriuretic peptides

SchrierAbaraham NEnglJMed 1999, 341, 574585.



Outcome of CRS according the definition of AKl in
heart failure, coronary syndrome and cardiac
surgery

Outcome Sub- AKI Studies/ ~ WRF Studies/  RRT Studies/
group Patients Patients Patients

Mortalty  AHF  289(214-389) /4018 237(L65-338)  8/5050
ACS  3S3(204-610)  3/5088  1695(1200-2393) 24621 LT2(152-488) 1/97
:

/
[
(S 751(558-1011) 1626121 1711(953-3073) 2/42134 755 (L28-4439) 4/5605
08 AHF 035(080-151) 3/2119  300(004-59) 1097

(S 168(038-297)  5/5429 1063 (351-17.74) 3/5,799

08 AHF  S7T9(120-1031) 43072 265(075-454) 52084
A 208(L01-315)  1/236

[
/
/
3
ACS  200(188-212) 13200
3/
[
/
(S 356(-L05-816) 4/4241 2020 (127-2823) 3/6,045

Vandenbergheet al ,CardiorenaMed 2016;6:116128



Frequent causes of in- hospital AKI
In CRS type 1 In heart faiure

ATreatmentwith ACE&and /or angiotensin
receptorblockers

AOverdehydration by diuretics
ATreatmentwith NSAID



Decreased renal perfusion and progression of renal
faillure in Heart Failure

A Normal B Heart failure with renal compensation
Glomerulus Glomerulus
Afferent Y e S Efferent Afferent e Efferent
R PEF ﬂ —_— PEF T
Bowman's Bowman's
space Space
RBF X FF = GFR RBF{ X FF = GFR=
D Progressive Heart Failure +/- ACEi C Heart failure + ACEi
Glomerulus Glomerulus

Afferent ™ G Efferent M Efferent
—_ PEF W _ —_— PEF {

Bowman's Bowman's
space space
RBF{ X FF= GFR 4 RBF T X FFy=GFR ={

Damman et alProgress in Cardiovascular Diseases 54 (20111534



Possiblechanges irScreatlevelsafter
starting ACE inhibitors

without risk —®—with risk =& without risk
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Prognostic Importance of Early WRF Following Initiation of
ACE inhibitor in Patients with Cardiac Dysfunction

100%-

Cumulative Survival
8
&
|

70%™

560%™

Studies Of Left Ventricular DysfunctiSs®©LVD

Testaniet al, CircHeart Fail. 2011, 4: 68691.

Time to Death (Days)
1 1 L] L}
0 500 1000 1500
Number at Risk
2568 1542 432 ~ITNo early WRF/Placebo
2550 1545 456 —"No early WRF/Enalapnil
232 135 34 1 Yes early WRF/Placebo
289 179 68 ~I 1 Yes early WRF/Enalapnil

EarlyWRF20% fall in GFR from baseline
to 14 days post randomization



WRF during RAAS inhibitior initiation and long-term
outcomes in patients with LV systolic dysfunction

A meta-analysis

RAAS inhibition Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
2.1.1 no WRF intervention vs control
EPHESUS (Rossignol 2011) 255 2425 274 2453 124% 094080, 1.11) e
RALES (Vardeny 2012) 256 683 371 781 143% 079[0.70,089 P
SAVE (Jose 2006) 137 781 171 812 105% 083(068,1.02) prmg—y
SOLVD (Testani 2011) 599 2854 642 2917 154% 0.95 (086, 1.05) “-r
Val-HeFT (Lesogor 2013) 404 2162 436 2341 143% 100089 ,113) -
Subtotal (95% CI) 8905 9304 66.8% 0.91[0.83, 0.99) £
Total events 1651 1894
Heterogeneity. Tau*=001, Ch*=959 di=4 (P=0.05), F=58%
Test for overall effect Z= 207 (P=0.04)
2.1.2 WRF imervention vs control
EPHESUS (Rossignol 2011) 66 493 67 a2 6.6% 084[061,115 S——
RALES (Vardeny 2012) 56 139 42 60 81% 058044, 075 Pr—e—
SAVE (Jose 2006) 26 116 33 104 41% 0.71 (045,110 S ——
SOLVD (Testani 2011) 84 324 102 282 89% 0.72 (056, 0.91) ——
Val-HeFT (Lesogor 2013) A 302 33 123 55% 0.88[061,1.25) =] |
Subtotal (95% CI) 1374 990 33.2% 0.72[0.62, 0.84) R
Total events 303 277
Heterogeneity. Tau*= 001, Ch*=519,df=4 (P=0.27),F= 23%
Test for overall effect Z= 410 (P < 0.0001)
Total (95% CI) 10279 10294 100.0% 0.84 [0.76, 0.93) £
Total events 1954 1M
Heterogeneity. Tau®*= 001, Chi*= 2539, df= 9 (P = 0.003), F= 65% 0 2 095 1 5 54

Test for overall effect Z= 3 .40 (P = 0.0007)

Test for subqroup differences. Chi*=6.09 di=1(P=001). F=836%

Clark et alEuropean Journal of Heart Failure (2014) 164481

Favours RAAS inhibition Favours control
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Schematic of Dosel Response Curve
of Loop Diuretics In Heart Failure Patients
Compared With Normal Controls

Normal

Diminishad
maximal
responsiveness

Heart Failure

¥ Higher doses
required to

achieve same

diuretic effect

Fractional Excretion of Sodium

Diuretic Concentration

Ellison DH.Cardiology2001;96:132 143.



Kaplani Meier Curves for the Clinical Composite End
Point of Death, Rehospitalization, or Emergency
Department Visit (diuretic trial).

A Bolus vs. Continuous Infusion

1.0+
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1+

Proportion

Hazard ratio with continuous infusion, 1.15
(95% Cl, 0.83-1.60)
P=0.41

Bolus:everyl2hours
Continuoudnfusion

Continuous

Bolus

10 20 30 40 50
Days

60

Felkeret al, NEnglJ Med 2011;364:79805.

B Low-Dose vs. High-Dose Strategy

1.0+
0.9+
0.8
0.7
0.6
0.5+
0.4
0.3
0.2
0.1

Proportion

Hazard ratio with high-dose strategy, 0.83 (95% Cl,
0.60-1.16)
P=0.28

Low dose

High dose
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Days

IV Highdose 2.5timesthe homeoral dose
IV Lowdose doseequivalent homeoral dose



A

Low-Dose vs. High-Dose Strategy
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Despite the use of diuretics,
a significant percentage of patients admitted for
acute decompensated CHF
are discharged with a little or no weight loss and
persistent symptomatology?
and
in 90% of patients, 20% gain weight on discharge?
44% are readmitted within 6 months?

1 ADHEREE Registry. 3rd Quarter. 2003 National Benchmark Report.
http://www.adhereregistry.com/national_BMR/index.html

2 Adams et al. Am Heart J. 2005:149:209-216
3 Costanzo MR, J ACC 2007



Definition of Diuretic Responsiveness
(DR) by Study and Associated Patient
Outcomes

Definition of Diuretic Responsiveness  Qutcomes

Urine outputl40 mg of furosemide ™ ncreased mortalty in low DR

Weight change/diuretic dose over 5 daye “ " Increased mora y and rehospitalization rates in low DR

Weight change/40 mg of furosemide > ncreased mortalty and rehospialization rates in low DR

1.Testani et al. CitdeartFail2014;7:26%270.
2. Voors et alEurJHeartFail2014;16:123Q1240.
3. Valenteet al. EurHeartJ 2014;35:128241293.



Reaccumulation of Na*despite
continuation of furosemide treatment

300 L Na* Excretion
= 230 F ] Net Diuresis After 4 Days of Rx = 0 mL
(o]
S 200 L I
UE.I 1
- 150 Lk T T
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p 100 k Nat Intake
D L o R R E——= R — R —
50 = ﬂT
0 [ E = T ) e
' Before F F1 F2 F3 F4
Time, Days

o

Nat* Reaccumulation Between Furosemide Doses

Wilcox et al. Kidney Int. 1987;31:135.



Two mechanisms of diuretic resistance

ABrakingo phenomenon

I A decrease in response to a diuretic after the first dose
has been administered

ALong-term tolerance
| Tubular hypertrophy to compensate for salt loss

, DT 4
o ———— L3
.4.'-'-:'-‘5;(1' I HE
= b frma Acute Chronic
Furosemide Furosemide
JAL wo JAL/

Brater. N Engl J Med. 1998;339:387.



Localization of
the diuretic
resistance, using
the FE Lithium

Raoet alJ AmSoc
Nephrol28: ccgccc,
2017.



