The kidney In heart failure-
the cardio-renal syndrome

Norbert Lameire,MD,PhD
Em Prof of Medicine
University Hospital
Gent, Belgium

Moscow, october 2017



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

Schefold et al Nature Rev Nephrol, 16: 610-623, 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

* CRS type 1 or acute cardiorenal syndrome (CRS-1) is
characterized by an acute cardiac disease leading to

AKI.

* The most common etiologies for 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
1 Increase 15-19timesbaseline ~ <05mlkghfor  Defintionsbasedon ~ >/>265 pmollLincrease 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 >[>4 umolL 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 h notrope,utrftration or
crease >34 pmolLOR > > 15% decrease 2165 pmolLincreaseinsCr™ - renlreplacement therapy
Initaion of renal replacement R > 5 mliminfyear decrease witn 48 OR Urine outpt
therapy Anuria >12h <05 mLkghfor 6-12h

Damman et al, European Heart Journal (2014) 35, 3413-3416



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

Percentage H Stage 1 M Stage2 Stage 3

40 [27,6-39,6]

CRS-1 :all cases
34,2

AHF: acute heart failure
30 ACS: acute coronary syndrome
CS: cardiac surgery

35

25
[9,1-24] [9,6-22]
20 17,9 17,9
15 [10,4-18,6]
11,7 (5,7-9,3] [8,2-9,6]
9,1 9,2
10 13,5-6,9] [3,7-4,5]
[1,9-5,3] [1,0-3,8] [3:5'5'6%1 005]
5 44 36 43 3, 44735
0 N N
CRS-1 AHF ACS CS

Vandenberghe et al, Cardiorenal Med 2016;6:116-128



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

— CKD, eGFR < 60 ml/min (57 studies; 1076101 subjects)
Prevalence: 32%

— Increased all cause mortality: OR 2.34
— More so for HFpEF than for HFrEF

- WRF (28 studies; 48890 subjects)
Occurred in 23%
- 23% in ADHF; 25% in chronic HF

- Increased overall all cause mortality: OR:1.81
1.75 in ADHF; 1.96 in chronic HF

Damman et al European Heart Journal (2014) 35, 455-469



Simplified pathogenesis of CRS type 1-
a combination of factors
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Prevalence (%)

Majority of patients with acute heart failure

have kidney dysfunction
ADHERE database ( n=118465)

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

Cardiac Index
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Changes in Serum Creatinine {mg/dL)

Two important pathophysiological mechanisms
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Fluid removal and kidney function in
ADHF

High vs low dose diuretic — { fluid and weight
oss, but more WRF in DOSE

Ultrafiltration

* No improvement in renal function vs loop diuretics in
ADHF in UNLOAD and RAPID-CHF

* Further worsening of renal function during
hospitalization and 30 days after discharge in patients
with ADHF and WRF in CARRESS-HF




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

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

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

* Hyponatremia: indicates maximal neurohumoral compensatory
systems

 Changes —even minor- in effective circulating volume,e.g. salt
restriction, diarrhea, vomiting, insensitive fluid loss, blood loss, high
t°, tachypnea

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

*Many of these circumstances make use of ACEi or ARB’s difficult



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

l

Diminished
renal hemodynamics
and
renal sodium and
water excretion

Schrier, Abaraham, N Engl J Med 1999, 341, 577- 585



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

Schrier, Abaraham, N Engl J Med 1999, 341, 577- 585.



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

Vandenberghe et al , Cardiorenal Med 2016;6:116-128



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

* Treatment with ACEi and /or angiotensin
receptor blockers

* Over dehydration by diuretics
* Treatment with 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
RBFV X FF= GFR{ RBF T X FFV=GFR ={

Damman et al, Progress in Cardiovascular Diseases 54 (2011) 144-153



Possible changes in Screat levels after
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%-

Studies Of Left Ventricular Dysfunction SOLVD

Cumulative Survival
|

70%™

1
60% Time to Death (Days)
1 1 | L}
0 500 1000 1500
Number at Risk

2917 2568 2 432 ~ITNo early WRF/Placebo
2854 2550 1545 456 —"No early WRF/Enalapnil

282 232 135 34 1 Yes early WRF/Placebo

324 289 179 68 ~I 1 Yes early WRF/Enalapril

Early WRF:20% fall in GFR from baseline

Testani et al, Circ Heart Fail. 2011, 4: 685—691. o
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 al, European Journal of Heart Failure (2014) 16, 41-48

Favours RAAS inhibition Favours control




CO L/ min/M?

9.0

THERAPY IN CHF

NORMAL

C

- ----’---—-- W —— -

HEART FAILURE!

|
i |

DIGITALIS
NP

.......... - - - -

DIURETIC

12
LVEDP mm Hg

A
CONGESTION 24



Schematic of Dose—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. Cardiology 2001;96:132—- 143.



Kaplan—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: every 12 hours
Continuous infusion

Continuous

Bolus

| | | | | |
10 20 30 40 50 60

Days

Felker et al, N Engl J Med 2011;364:797-805.

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

| | | | | |
10 20 30 40 50 60

Days

IV High dose: 2.5 times the home oral dose
IV Low dose: dose equivalent home oral dose



A

Low-Dose vs. High-Dose Strategy

1009 AUC with low-dose strategy, 417111436 B High dose D i u r et i C D O S E
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@ 70+
g 601
2 s Global Assessment of
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B 0.15
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: Changes in sCr
§ oos Over Time
o
0 1 ? 3 4 7 60 Felker et al, N Engl J Med

-0.05 - Days 2011,364:797-805



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 ADHERE® 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

Uring output/40 mg o furosemide * ncreased mortalty in low DR
Weight changelciureicdose over 5 daye *  Increased mortalty and rehospializaton ates in low DR

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

1.Testani et al. Circ Heart Fail 2014;7:261-270.
2. Voors et al. Eur J Heart Fail 2014;16:1230-1240.
3. Valente et al. Eur Heart J 2014;35:1284—-1293.



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
=
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

“Braking” phenomenon

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

- Long-term tolerance
—Tubular hypertrophy to compensate for salt loss

, DT J
o ———— L3
.4.'-1:'-‘5;(1' I HE
= b frma Acute Chronic
Furosemide Furosemide
TAL —} TAL —| TAL) Q

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



Localization of

Diuretic Resistance Mechanism #1: Diuretic Resistance Mechanism #2: , _
Inadequate augmentation of Na exit Compensatory Na reabsorption at the diuretic
from the tubular site of action at the nephron segments distal to the loop resistance. usin g
proximal tubule/loop of Henle of Henle o
X I the FE Lithium
! I 1
N o T PR A
7)) e R (g A f
N
— | H
| i | [ Distal tubule: 2 B
- [ - Reabsorption of - [
98 OG0 Na but not Li
| (1

'\i._ 1)
| "7 | |If Mechanism #1
l Feli=FeNa
If Mechanism #2 Rao et al J Am Soc
Proximal tubule and loop Feli> FeNa Nephrol 28: ccc—cce,
2017.

of Henle: Reabsorption of
both Na and Li in parallel




Relative contribution of different intrarenal
mechanisms to diuretic-induced increase in FENa.

Inadequate diuretic

/ delivery

/ . 72%
Compensatory distal 5’

| tubular sodium " Reduced proximal tubular

| reabsorption .. and loop of Henle sodium

79% N excretion
\\ 21% Diuretic failure at
\ proximal tubule and

\ N . loopofHenle
\\ 8%

Rao et al ) Am Soc Nephrol 28: ccc—ccc, 2017.



Management of Diuretic Resistance in CRS

B Restrict daily fluid intake (1.0 L)
B Moderate restriction of daily salt intake (<2 g)
m Avoid NSAIDs

B Institute and uptitrate ACE inhibitors and/or angiotensin
receptor blocker

m Give short-acting loop diuretic orally in several divided
(and increasing) doses, bolus, or continuous intravenous
administration

B Use sequential nephron blockade via combination loop
diuretic and thiazide diuretic

B Add small doses of spironolactone (12.5-25 mg)

m Consider short-term acetazolamide in selected patients



Hypertonic saline with furosemide for the treatment of acute
congestive heart failure: A systematic review

HSS Control Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI

Issa 2011 10 20 4 12 9.9% 1.50 [0.60, 3.74) -

Licata 2002 24 53 47 54 36.6% 0.52 (0.38, 0.71) -

Paterna 2000 3 30 11 30 6.5% 0.27 (0.08, 0.88)

Paterna 2005 0 48 3 46 1.1% 0.14 (0.01, 2.58) ¢+

Paterna 2011 114 881 212 890 45.9% 0.54 [0.44, 0.67) =5

Total (95% C)) 1032 1032 100.0% 0.56 [0.41, 0.76) -3

Total events 151 277

Heterogeneity: Tau® = 0.05; Chi* = 7.01, df = 4 (P = 0.14); I = 43% + — : .
0.05 0.2 1 5 20

Test for overall effect: Z = 3.63 (P = 0.0003)

Effect on mortality

Favours HSS Favours control

HSS Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% CI
Licata 2002 25 53 43 54 43.1% 0.59 [0.43, 0.81) -
Paterna 2000 0 30 12 30 2.1% 0.04 [0.00, 0.65) ¢
Paterna 2005 0 48 12 46 2.1% 0.04 [0.00, 0.63) ¢
Paterna 2011 163 881 305 890 52.7% 0.54 [(0.46, 0.64) =]
Total (95% CI) 1012 1020 100.0% 0.50 [0.33, 0.76) 3
Total events 188 372
Heterogeneity: Tau® = 0.08; Chi* = 7.74, df = 3 (P = 0.05); ¥ = 61% t t +

Test for overall effect: Z = 3.27 (P = 0.001)

Effect on rehospitalization

001 01 1 10

100
Favours HSS Favours control

Gandhi et al , International Journal of Cardiology 173 (2014) 139-145



Hazard Ratio for Death, Rehospitalization or ER Visit >
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Hyponatremia is associated with
activation of neurohormones

* Renin angiotensin system
* Sympathetic nervous system
* Vasopressin



Occurrence of Hyponatremia in Patients with
Heart Failure Admitted to an Acute Care
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Relationship between admission serum sodium
level and in-hospital mortality (opTIMIZE-HF Registry)

0.08

0.03

0.02 7

In-Hospital Mortality Rate

0.01

0 = 1 1 1 1 1 1 1 1 1 1 ) 1 1 1 1 1 | 1 1 1 1 )
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n=227 254 349 451 547 752 949 1263161322162725351045024824494448884160331323151500 929 471 260

Admission Serum Sodium Concentration, mEq/L

Gheorghiade et al, Eur Heart J, 2007, 28: 980- 988.



Maximal free water excretion in heart failure and
reduced GFR

Heart failure patient
MAXIMAL WATER DIURESIS

Glomerulus Macula Densa Distal Tubules
GFR = 30 ml/min 2.16 |/day (low water permeability)
= 43.2 l/day 150 mOsm/1 7 1 L o
4 /

285 - 295 mOsm/1 < | 7/
= / 2\ \ﬂ\\ \ Y /’ ‘ .
' ‘ { A \/ Y [ [300mosm | @)
1 \ \ ( \\ " § Collecting ducts
o / w l (low water permeability)

Proximal Tubules
70% reabsorption
=30.24 |/day
285 - 295 mOsm/!1

AVP not suppressed:
HIGH WATER PERMEABILITY
STRONG OSMOTIC GRADIENT

'
CONTINUED WATER
REABSORPTION

TAL
25% reabsorption
= 10.8 l/day

[ VASOCONSTRICTION
| LOWBLOODFLOW NO WASHOUT — HIGH GRADIENT
MAXIMAL

FREE WATER EXCRETION
<1 l/day

Urine: 100-150 mOsm/l

Verbrugge et al, J Am Coll Cardiol 2015;65:480-492



Pathophysiology of hyponatremia in acute
decompensated heart failure

Mechanism of Action

Dilutional hyponatremia

Increased sensitivity of osmotic AVP Baroreceptor activation/angiotensin |l
release — Lower osmo-checkpoint*®

Increased nonosmotic AVP release Baroreceptor activation/angiotensin |l

Impaired AVP degradation Liver and/or kidney dysfunction

Increased thirst Baroreceptor activation/angiotensin Il

Decreased distal nephron flow Impaired glomerular filtration/Increased

proximal tubular reabsorption
Depletional hyponatremia
Low sodium intake Salt-restricted diet
Exaggerated nonurinary sodium losses Diarrhea, ascites
Exaggerated natriuresis Diuretics, osmotic diuresis

Sodium shift toward the intracellular Potassium and/or magnesium
compartment deficiency

*This is the level of plasma osmolality that is pursued by the homeostatic mechanisms of the
body.

Verbrugge et al, J Am Coll Cardiol 2015;65:480-492




Action of vasopressin

Lumen Cells Interstitium

H,O
Vesicles

containing
AQP2

AQP2

HZO o

Comprehensive
Clin Nephrology
Eds Floege et al
2010




Proportion Alive

1.0 4
0.9 -
0.8 1
0.7 -
0.6 1
0.5 4
0.4 -
0.3 -
0.2 -
0.1+

0.0

Overall survival EVEREST trial

HR 0.98; 95% CI (0.87-1.11)

Meets criteria for noninferiority

~—Tolvaptan 30 mg
— Placebo

Median follow-up: 9.9 months
Peto-Peto Wilcoxon test: P=.68

2072 1812 1446 1112 859 589 404 239 97 Tolvaptan
2061 1781 1440 1109 840 580 400 233 95 Placebo

0 3 18 21 24

9 12 15
Months in Study



EVEREST. CV Mortality/Morbidity in patients with
heart failure with and without hyponatremia —
effect of oral tolvaptan

I Tolvaptan [Jj Placebo

Subjects with baseline sodium concentration

Subjects with baseline sodium concentration

1.0 7
0.9 7
0.8 1
0.7 7
0.6 7
0.5 1
0.4 -
0.3 1
0.2 1
0.1 1

Proportion Remaining in Study

0.0

2 130 mEq/L (ITT population)

< 130 mEq/L (ITT population)

(P<.05)
HR: 0.603
95% Cl, 0.372-0.979
|
HR: 1.065
95% Cl: 0.973-1.165)
PLC 2007 1748 1415 1090 824 569 394 228 92 PLC 54 19 13 9 8 4 2 2
TLV 2034 1784 1424 1095 844 580 398 235 95 TLV 38 23 14 12 10 7 5 3 1
0 3 6 9 12 15 18 21 24 0 3 6 9 12 15 18 21 24

Months in Study

Konstam, et al. JAMA, 2007, 297: 1319-1331

Months in Study



Long term safety of oral tolvaptan treatment
In hyponatremia

=8~ \fild Hyponatremia == Marked Hyponatremsa “B=CHF =O=Cinhosls =#=SIADHOther
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Berl et al, J Am Soc Nephrol 21: 705-712, 2010



Current management of hyponatremia in heart failure-changes in
serum sodium concentration over time by treatment received

No Specific Treatment Fluid Restriction
140 - . i
" ‘ +(|l 1
gz ™ L —F—+—1 3| T
cd . : §u | .
S E 120 - L g€ 1201 -
= =
110 . v . ' . 110 - . : . .
Baseline Day1 Day2 Day3 Day4 Baseline Day1 Day2 Day3 Day4
(n=176) (n=160) (n=138) (n=128) (n = 102) (n=314) (n=277) (n=231) (n=182) (n=152)
Normal Saline Hypertonic Saline
140 - 140 -
+ © T T
2‘ 130 : r ] r Eg 130 < ) ' | 1
c ,§ ‘ A I { g w ‘
o [ ‘ '8 = !
° 120 4 l | 1 2 120 4 L
= \.
110 . . . ; . 110 . . . . .
Baseline Day1 Day2 Day3 Day4 Baseline Day1 Day2 Day3 Day4
(n=37) (n=32) (n=13) (n=6) (n=3) (n=15) (n=14) (n=5) (n=2) (n=1)
Tolvaptan
140 - :
4';‘ | T
2< 1301 L//\/
c g | - -
8E 120{ | ‘ '
o 1§
=
110

Baseline Day 1 Day 2 Day 3 Day 4
(n=26) (n=21) (n=17) (n=11) (n=9)

Dunlap et al , (J Am Heart Assoc. 2017;6:e005261.



Side effects of tolvaptan

Classification by systems and Frequency
organs

Metabolism and nutrition disorders ~ Common: polydipsia, dehydration, hyperkalemia, hyper-
glycemia, decreased appetite

Disorders of the nervous system Uncommon: dysgeusia

Vascular disorders Common: orthostatic hypotension

Gastrointestinal disorders Very common: nausea; common: constipation, dry
mouth

Disorders of skin and subcutaneous ~ Common: bruises, itch
tissue

Renal and urinary disorders Common: frequent urination, polyuria

Systemic disorders and administra- ~ Very common: thirst; common: fatigue, low-grade fever
tion site-related conditions

Diagnostic investigations Common: increased serum creatinine

Other side effects Common: hypernatremighyperglycemia, hyper-

uricemia, syncope, dizziness; uncommon: pruritic rash




T Glucose transport

Siated parday Distal Tubules . .
N In the proximal
tubule

Collecting
Ducts

Proximal Tubules
(S,-S,-S,)
100% Glucose
reabsorbed
= 180g
—
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TUBULES 2 Na*
N.o
< =" Na'/K* ATPase GLU GLU

I SGLT2 — 90 %

2 Na*
“‘0
B san il GLU
> w2 =]
—@> own 2 Nar 10% Verbrugge et al , Curr Cardiovasc

Risk Rep. 2015;9:38.



Pleiotropic effects of SGLT2 inhibitors in acute
heart failure

i SGLT2-inhibitors l
Natriuretic effect Glucosuric effect
l Arterial Plasma T Tubuloglomerular l HbAIC Excretion of T insulin/glucagon
stiffness lvolume feedback uric acid ratio
—T |
Blood Subclinical Intraglomerular Atherosclerosis :
pressure l congestion l hypertension l | T Keton bodies
— ‘ : |
| microvascular | macrovascular '
l Ventncula.r ADHF  Improved renal disease disease improved cardiac
arrhythmias trajectories metabolism

Martens et al, Curr Treat Options Cardio Med (2017) 19: 23-37



Empagliflozin and Hospitalization Rates for Heart
Failure in Type 2 Diabetes- the EMPA-REG

No. at Risk
Empagliflozin
Placebo

Patients with Event (%)

OUTCOME trial

7 Placebo
6=
£
Hazard ratio, 0.65 (95% Cl, 0.50-0.85)
44 pP=0.002 Empagliflozin

0 T ]
0 6 12 18 24 30 36 42 48
Month
4687 4614 4523 4427 3988 2950 2487 1634 395
2333 2271 2226 2173 1932 1424 1202 775 168

Zinman et al, N Engl J Med 2015;373:2117-2128.



Ultrafiltration for severe heart failure

Isolated ultrafiltration (IUF) or SCUF effectively remove
fluid in diuretic- refractory congestive heart failure

Numerous reports document improved cardiac
performance and subsequent diuresis following UF

Associated with decrease in counter-regulatory
norepinephrine, plasma renin, aldosterone levels

Hemofiltration may offer additional benefit by removal
of myocardial depressing substances (??)



Ultrafiltration for Fluid Overload in Heart Failure

Decreased cardiac output due to chronic heart failure

Cardio-renal syndrome:
Abnormal hemodynamics, neurohormonal activation, excessive tubular sodium reabsorption,
inflammation, oxidative stress and nephrotoxic medications

Decreased water clearance and increased sodium reabsorption

l

A Unpredictable elimination of sodium and water o Predictable removal of sodium and fluids
A Development of diuretic resistance 0 Restoration of diuretic responsiveness
Risk of hypokalemia (low potassium levels) O No change in electrolytes,
A and hypomagnesemia (low magnesium levels) particularly potassium and magnesium
Insufficient symptom relief: o More effective decongestion and fewer
A Persistent congestion, failure to lower sodium levels heart failure events compared to loop diuretics
A Worsening heart failure, increased mortality Q Improved glomerular filtration rate
after discharge, increase in re-hospitalization rates

O Efficacy, and improved outcomes

Costanzo, M.R. et al. J Am Coll Cardiol. 2017;69(19):2428-45.



The UNLOAD (ultrafiltration) trial in
congestive heart failure-results on free of

hospitalization

§100 '
B
=2 80
B =
& :§:' 60 Standord Core Arm (28 Events)
g<= 40
S 5
S'g 20

0

0 10 20 30 40 50 60 70 80 90
No. Patients af Risk P

UltrafilirationArm 88 85 80 77 75 72 70 66 64 45
Standard CoreArm 86 83 77 74 66 63 59 58 52 4

Costanzo et al, ] Am Coll Cardiol 2007;49:675—-683



Changes in sCr and Body Weight at 96
Hours in the CARRESS-HF trial

Creatinine Increase

(mg/dl)
-1.0

0.8
Ultrafiltration 0.6

(N=92)
0.4

0.2

Weight
Loss — I I 0.0
(Ib) -20 -18 -16 0

Pharmacologic therapy
(N=94) ——0.4

—-0.6

—-0.8
Creatinine Decrease

(mgj/dI)

Bart et al, N Engl J Med 2012;367:2296-304
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Defining the role of ultrafiltration therapy in acute
heart failure: a systematic review and meta-analysis

A Heart failure rehospitalization

Ultrafiltration Pharmacothe rapy
Study Rehospitalization Total Rehospitalization Total M-H OR[95% CI] p-Value Weight Odds Ratio and 95% CI
UNLOAD 16 89 28 87 046023093  0.03 23.88
CARRESS-HF 3 90 % 923 0.99[0.51,1.92] 097 25.26
CUORE 4 27 14 29 0.19(0.050.68]  0.01 11.09 —+i—
AVOID-HF 36 105 52 108 0.56[0.320.98]  0.04 29.44
Hanna et al. 8 19 6 17 1.33[0.355.14] 068 10.32
Random 87 330 124 334 0.60(0.37,0.98]  0.04
0.01 0.1 1 10 10(
Heterogeneity: Q =7.26; d.f. =4 (p = 0.12); Tau?=0.13; I> = 44.90% Favors Favors
Egger’s Test: p (2-tailed) = 0.82 Ultrafiltration Pharmacother:
Overall Z=-2.05
s Moty Ultrafiltration Pharmacotherapy _
Study Events  Total  Events  Total M-HOR[95% CI]  p-Value Weight w
RAPID-CHF 1 20 0 20 3.15(0.12, 82.16] 0.49 1.64 .
UNLOAD 9 94 11 95 0.810.32, 2.05] 0.65 20.16
Hanna et al. 4 19 4 17 0.87[0.18,4.18] 0.86 7.07
CARRESS-HF 16 4 13 % 1.28[0.58, 2.83) 0.55 27.65
CUORE 7 27 1l 29 0.57(0.18, 1.79] 0.34 13.41
AVOID-HF 17 110 14 11 1.2710.59,2.71] 0.54 30.07
Random 54 364 53 366 1.03 [ 0.68, 1.57] 0.89

Heterogeneity: Q =2.34; d.f. = 5 (p = 0.80); Tau?= 0.00; I = 0.00%
Egger’s Test: p (2-tailed) = 0.99

0.01 0.1 1 10 10

Favors Favors
Ultrafiltration Pharmacotherap)

Overall Z = 0.14 Jain et al Heart Fail Rev (2016) 21:611-619



Current recommendations for UF In heart

fallure

American College of Cardiology/American Heart Association (2013) (49)
Ultrafiltration may be considered for patients with obvious volume overload to alleviate congestive symptoms and
fluid weight (level of evidence: B)
Ultrafiltration may be considered for patients with refractory congestion not responding to medical therapy (level of
evidence: C)
Consultation with a nephrologist is appropriate before initiating ultrafiltration, especially in circumstances where the
non-nephrology provider does not have sufficient experience with ultrafiltration
Canadian Cardiovascular Society (2012) (50)
Venovenous ultrafiltration may be of benefit in relieving congestion, particularly in patients who are diuretic resistant
Patients with persistent congestion despite diuretic therapy with or without impaired renal function may, under
experienced supervision, receive continuous venovenous ultrafiltration
European Society of Cardiology (2012) (51)
Venovenous isolated ultrafiltration is sometimes used to remove fluid in patients with heart failure, although it is
usually reserved for those unresponsive or resistant to diuretics
If doubling the dose of loop diuretics and infusion of dopamine do not result in an adequate diuresis and the patient
remains in pulmonary edema, venovenous isolated ultrafiltration should be considered
Heart Failure Society of America (2010) (52)
It is recommended that patients admitted with ADHF and evidence of fluid overload be treated initially with loop
diuretics; ultrafiltration may be considered in lieu of diuretics (strength of evidence: B)
When congestion fails to improve response to diuretic therapy, ultrafiltration may be considered (strength of
evidence: C)

Kazory A, Clin J Am Soc Nephrol 11: 1463-1471, 2016.






