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INTRODUCTION

Heart and kidney have multiple bidirectionnel interactions
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CKD : 30-60% in heart failure
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JAMA Cardiology | Brief Report

Absolute Rates of Heart Failure, Coronary Heart Disease,

and Stroke in Chronic Kidney Disease

An Analysis of 3 Community-Based Cohort Studies

Bansal N. JAMA cardiol 2017
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Risk differences were 15.8 (95% Cl, 12.2-18.1) for heart failure, 16.1 (95% Cl,
13.2-19.0) for coronary heart disease, and 8.6 (95% Cl, 6.4-10.7) for stroke.

Adjusted Risk difference:
HF: 2.3 (Cl:11.2-3.3)
CHD: 2.3 (Cl: 1.2-3.4)

Stroke: 0.8 (Cl: 0.09-1.5)



Association CKD with HF Types

Incidence of overall HF, HFpEF, and HFrEF
in patients with and without CKD
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x ® Estimated glomerular filtration rate and albuminuria for

prediction of cardiovascular outcomes: a collaborative |

meta-analysis of individual participant data tancet 2015

N=637'315 individuals without CVD
24 cohorts CKD consortium

Follow-up 2 years (2-19)
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Association HF with CKD

3,414,122
With no CHF

3,570,865
Total Cohort

156,743
With CHF

NN

317,080
Incident CKD events

880,399

Incident CKD and
Mortality composite
events

-

262,956
Rapid eGFR decline

A

44,409
Incident CKD events

J

/

106,189

CKD and mortality
composite events

30,097
Rapid eGFR decline

Georges LK. Cir Heart Failure 2017
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CARDIO-RENAL SYNDROMES

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

CKD-induced
myopathy might
be of particular
importance in
this setting

25-60% HF have CRS

Type 5:
secondary cardio-
renal syndrome

Systemic insult
(e.g. in severe
sepsis and/or
septic shock)

Microcirculatory
dysfunction, altered
innate and adaptive
immune responses and
cytokine release, and
other effects result in
simultaneous organ injury

Schefold J. Nat Nephrol Rev 2016



PHYSIOPATHOLOGY - HYPOTHESIS

Traditional hypothesis of cardio-renal interactions

Heart failure

lLCcOorc
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Renal
hypoperfusion
(low flow)

T Renal vasoconstriction

Renal tubular hypoxia

\

(Acute) tubular necrosis

BUT 1Renal Filtration Fraction mitigates effect of |, Blood Flow

Mullens W. JACC 2016
Schefold J. Nat Nephrol Rev 2016



Cardiac Index and Renal Function in HF

eGFR, BUN or, BUN to Creatinine Ratio
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Haemodynamic mechanisms > 3
® Fluid overload and retention of salt and water

®* Renal and cardiac congestion (renal venous hypertension)

® Limited organ perfusion (forward failure)

® Vasoconstriction in end organs

!

(Neuro)hormonal

mechanisms

e Activation of the RAAS

e Activation of the
sympathetic nervous system

r—

Cardiovascular disease-associated mechanisms

¢ Chronic inflammation and activation of
cellular immunity

®* Malnutrition, cachexia and wasting

® Bone—mineral disorder

* Acid—base metabolism disorder

® Anaemia and cardio-renal anaemia
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Hemodynamic

T Cardiac congestion
T Right arterial pressure
T Central venous pressure
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(Neuro)hormonal and inflammatory response
TSympathetic nervous system activity

TRAAS

Altered arginine vasopressin

Altered ANFP and BNFP

TInflammation and immune cell activation

1

1

Renal congestion
T Intraglomerular

hydrostatic pressure
T Intraglomerular pressure
L Net filtration pressure
l Transrenal perfusion
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\ pressure

T Fibrogenesis =3
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Loss of renal

function

L GFR

d Urine output

J Sodium
excretion

L Water excretion




T Venous Pressure | Renal Filtration Pressure

Vef?ous Bowman’s Normal f RA pressure
(Efferent) capsule Afferent Efferent Afferent Efferent

endof  endof endof  endof
glomerular glomerular  glomerular glomerular
capillary  capillary capillary  capillary
Glomgmlar Forces (mmHg) (mmHg) (mmHg) (mmHg)
capillary 1. Favoring Filtration
Glomerular-capillary 60 > 58 55 < 63
hydrostatic pressure, Pge

2. Opposing Filtration
a. Hydrostatic pressure 15

in Bowman’s capsule, Py

b. Oncotic pressure in
glomerular capillaries, mge 21 33

Arterial
(Afferent) Net filtration pressure (1-2) 24 10

Filtration pressure: 14 mmHg

‘ Net Filtration Pressure = (PHydrog,,,, — PHydroc,,) — (PHydrog. + POncotiquec,,)

Jessup. JACC 2009



Central Venous Pressure and Renal Function Worsening (WRF)
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TERMINOLOGY RENAL FUNCTION IN HF

ESC. JACC 2020

GFR-based definitions

e >20% decrease

e >25% decrease

e >5 mL/min/1.73 m? per
year decrease

Cystatin C-based definitions
e >0.3 mg/dL increase

Creatinine-based definitions
e >0.3 mg/dL increase

e >0.3 mg/dL increase and >25% increase

e >0.5 mg/dL increase
* 1.5% baseline
» =25% increase + above 2.0 mg/dL

.........................................................................................................................................

UO component

Grade 1
<0.5 mU'kg/h for 6-12h

Grade 2
<0.5 mU/kg/h for =12 h

Grade 3
<0.3 mU/kg/'h for =224 h or

anuria for >12h

Scr to 1.5-1.9% baseline over
7 days or absolute increase
>0.3 mg/dL over 48 h

Scr to 2.0-2.9x baseline

Scr to =3.0x baseline or increase
above >4.0 mg/dL or RRT

Scrto 1.5-2.0x baseline or absolute
increase >0.3 mg/dL over 48 h

Scr >2.0-3.0x baseline

Scr to >3.0x baseline or increase
above >4.0 mg/dL (with absolute
increase >0.5 mg/dL) or RRT

Scr to =1.5x% within 7 days sustained
for 24 h

Scr =2.0x

Scr to >3.0x baseline or increase
above >4.0 mg/dL (with absolute
increase >0.5 mg/dL) or RRT



Clinical context has to be integrated when assessing creatinine elevation

G‘redisposing factorsy

Loop diuretics

A GLOMERULAR FUNCTION
Early during hospitalization E Late during hospitalization
plasma refill E
kinetics !
2 ' udO"NRF
:% T — renal arterial E pse
S Cardiac output B :
S pressure i
noen-hemodynamic 1
Acute factors (eg cytokines,
oxidative stress...)
Heart | ..__._____.7.. » rer¢ —» WRF F
Failure : True WR
A A
. Increased :
= filling pressures ]
ﬁ Venous :
S intrinsic congestion : AK!
E RV-dysfunction :
] to interpret WRF B TUBULAR FUNCTION
Extrinsic compression i )
Increased |IAP L Assess tubular function - -
: (diuretic response) and Loop diuretic response
™\ eg;Diabetes, CKD... ' functional status HFA-position statement

GOOD loop diuretic response if *:

—

a. Urinary sodium concentration
> 50-70 meq/L 2-hours after diuretic

< b. Urinary Output >100-150 ml/hour
during first 6-hours after diuretic

ESC position paper.
Eur J Heart F 2020

¢. Total diuresis > 3-4 L first 24hours




Aronson D. Cardiac Failure 2010

Only persistent WREF is associated with increased mortality

B 10
0.9
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02

0.14 Transient WRF vs. No WRF: P = 0.65
00 Persistent WRF vs. No WRF: P < 0.0001

0 30 60 90 120 130 180
Time (Days)

No WRF

17%

Transient WRF
21%

Persistent WRF %o,

HR 3.2 (2.1-5.0)

Froportion Surviving
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POSITION PAPEF%/

@ E S C European Journal of Heart Failure (2020) 22, 584-603

European Society  doi:10.1002/ejhf.1697
of Cardiology

Evaluation of kidney function throughout the
heart failure trajectory — a position statement
from the Heart Failure Association of the
European Society of Cardiology
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Clinical context

Damman K. Eur Heart J 2015
ESC. Eur J Heart F 2020

Algorithm for WRF in CHF

CHF WITH OCCURRENCE
OF WRF DURING FU

hd

Ll
1
1
Ll
)

During uptitration of .
RAAS-inhibition

-

Ves | Scr<50% % +5Scr<3ma/d
and eGFR still =25ml/min

Yes l

| No |
Yes * Mo additional action needed

= Check renal function & electrolytes
as apprapriate {e.q. per 4 manths) !

No WRF v

consider other form of
afterload reduction

i
Discontinue RAAS-blocker, | /mProvement _,

1 # Consider rechallenge

1 = Consider reducing loop

5
v
1
|
1

'
i
J

' diuretic dose ,
. _-———m—_mmmEmm—m———————= »
No improvement N True WRF \
"1 = Step ather nephrotoxins !
- 1 = Consider renal artery stenosis :
1
1 * Consider other causes !
Presence of congestion? ' * Nephrology referral ’
e e e e e — - -
Yes fmmmm e e e e e ———= N
No Treat congestion | improvement ¢ true WRF due congestion 1
" —
see figure 2 1w attain decongestion :
- | ® reduce divretic dose if dry 1
i v recheck labs frequently
Evidence Gf Nﬂ Imprﬂvemeﬂt N e e e M
h erfusion No s T T m T m T -
an{irp:yl:;atension ———— % True WRF or intrinsic renal disease ™,
1w Excessive annual decline in eGFR :
: consider intra-glomerular hypertension 4
) PRI '
Present : candidate for SGLT2-inhibitor? ,
L 4 \: Consider nephrology consult L
Reduce T TS TT ST ST I o _____._
diuretics/ RAAS or o o (U admierapy resistant WRE @
iR R - * . admission consider invasive HD guide '
:gent < No improvement : * Consider advanced R/ MCS and transplant
1 _* Consider maintenance dialysis
. True WRF T~
I
Improvement 1 = Stop other nephrotoxing, consider rechallenge if possible

* » Consider therapies of CRT, MCS, transplant if appropriate

-

#

, * Consider continuous or intermittent inotropic support if palliative !

g Pseudo WRF
No Yes : » Tolerate changes in renal function
L 4 —h: * Check renal function & electrolytes
HyperK > 5,5 meqy/| \oas appropriate {e.g. per 4 months) !
No and Scr > 100% 4 "l i




TREATMENT: DIURETICS

, __DETALTURULE Thiazide (-like)
Afferent FUmeEn e Basolateral
artericle Macula " Hat
densa o = ATP
Bowman’s
DCTD—|t:i 9(
capsule ) k:
2CF SNa 2K
SR = 5
. oee======" " PROXIMAL TUBULE
T ~ Basolatera duet Vi CONNECTING TUBULE
Na- - T ____COLLECTING DUCT S—
HCO- ATP .. collecting I UMk - B
o/ DO L) aet LT B
3Ma* 2K a Q;::\., i A a
H.CO, \ MNa )—\l:j—:h =
cal— /' O Aml Aldo
CO, H).O J T K 3Ma* 2K
= ~ / ‘ ) k L ‘_Lrl_
. o e Thin i Thin " - :
(SG LT2 |nh|b|t0r5) descending ascending "=

mb limb

Potassium sparing diuretics

THICK ASCENDING LIMB
Lp _ Lumen o
T~ Nat

SEE B
Loop diuretics K 3Na | ol

K

-

~ Basolateral

FAS

b,
-~

Ellison DH. CJASN 2019



Hemoconcentration is associated with lower mortality

08 =

(HR: 0.65 [95% CI 0.52-0.83], p=0.001) Advantage persisted even if Worsening RF
«I"1 No Hemoconcentration
-1 Hemoconcentration
005
085
9
2
S o7 |
3
065
= A
#s
0.55 -
045 1
0.35 L —
90d
L A L] A 1 ] 1 | 1]
9 180 270 30 450 540 630 77X
Days since ED presentation

Number at Risk 1019 875 789 729 652 326 287 261 230

= |
180d 360d 720d
Days since ED presentation
@ European Journal of Heart Failure (2017) 19, 226-236 RESEARCH ARTICLE

dol:10.1002/ejhf.667
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Impact of haemoconcentration during acute
heart failure therapy on mortality and its
relationship with worsening renal function




Diuretic «resistance»

Felker. JACC 2020

Diuretic Resistance Categorization

Dimnished

u

‘za(

Oral Bloavallablhty Aplcal Drug Dehvery___

Impaired Impaired

Sodium Delivery o 0cL

“Braking”
Phenomenon

%
Distal Tubular
= Remodellng
. ". ; .
it : N

Importance of
specific
cause/mechanism
on diuretic
resistance -
Pre-Loop of Loop of Henle Post-Loop of Henle
Henle
Significant i e
Venous congestion a - .
i sodium -
Unknown but Increased m reabsorpti .?'.
hypothesized to be intra-abdominal - ion
significant pressure Proteolytic acti n
o Reduced cardiac Reduced GFR of EH::.Et by fil ity

Not significant output protea I
with the mild to Inereased

moderate Hypoalbuminemia organic anions Upregulation of NEC,

derangement found in PR PHdl':EﬂH:ED CBE
the average HF High sodium intake
patient




Diuretic «resistance» in HF (and also in CKD!)

Diuretic

Concentration
'

Heart Failure
Threshold

|

Normal
Threshold

Time

Matriuretic
Response

“Threshold”

“Ceiling”

Normal

l Diminished
Secretory

maximal
response
defect

" Heart

j,-” ! Failure
.-'rll;:I
f,
l-__."
/

-

Diuretic Concentration

In HF diuretic threshold is shifted = reduced effective range of therapy
—>decreased response

Higher dose in HF are needed

AHA. Circulation 2019
Tang. Cur Cardiol Rep 2020



DIURETICS vs ULTRAFILTRATION

AHA Scientific Statement. Circulation 2019

L L L
RAPID-CHF'® 40 Weight loss at 24 h Single 8-h Clinician based NS Similar in both
UF session to groups; trend
maximumrateof | | | towan d higher
500 mUmin per weight loss in UF
1.73m am
UNLOAD™ 200 Weight loss and Time and rate Clinician based NS UF>DT
- -4 - - dyspnea at48 h of UF flexible;
tep ay 1): Assess congestion and start loop diuretics L
00 mUmin p
173
1_2x h ome d ose | v or 20_ 4Dm IV |f none CARRESS-HF™ 188 | ChangeinSCrand | FiedUFrateof | Prespecified | Significantincrease | Similarimboth | Higher SAEs in
¥ weight at 96 h 200 mU/min per stepped-up in SCr with UF groups UF arm
1.73m? algorithm
CUORE™ 56 Hospitalization for Time and rate Clinician based Significant increase Similar in both
HFat1y of UF flexible; in SCr with DT at groups
maximum rate of 6mo

500 mU/min per
1.73m?
(Step 2: Assess diuretit response } ANODHF 5 | enin @00 | Trewdnt || fepeiod N S | e

(@2h spot UNa >50-70 mEg/lJ; @6h UOP >100-150 mi/h) "

maximum rate of

- Yes
ﬁ \p

Double IV Repeat until max Persistent

- No <«—-

LD dose dose allowed congestion?

l T No l Yes
After 6h: @2h spot UNa >50-70 ‘ Repeat same IV

mEq/L; @6h UOP >100-150 ml/h LD dose Q12h

Step 3 (Day 2): Evaluate 24h urine output
Double IV LD dose if <3-4L; Reassess in 6h & repeat if UOP <100/h

l Persistent congestion

Step 4: Stepwise Pharmacologic Therapy = Sequential nephron blockage
If max IV LD, add thiazide (2"dline: acetazolamide, amiloride, UF)




ESC GUIDELINES
@ E S C European Heart Journal (2021) 42, 3599 —3726

European Society doi:10.1093/eurheartj/ehab368
of Cardiology

2021 ESC Guidelines for the diagnosis and
treatment of acute and chronic heart failure
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Recommendations Class® Level®

An ACE-l is recommended for patients with HFrEF to reduce the risk of HF
hospitalization and death.'? =13

A beta-blocker is recommended for patients with stable HFrEF to reduce the risk of
HF hospitalization and death.'4=12°

An MRA is recommended for patients with HFrEF to reduce the risk of HF hospitalization and death."”"'%

Dapagliflozin or empagliflozin are recommended for patients with HFrEF to reduce the risk
of HF hospitalization and death.'%'%

Sacubitril/ivalsartan is recommended as a replacement for an ACE-l in patients with HFrEF to reduce the risk of HF
hospitalization and death.'®




Adverse Effects HF medication

Improve total body sodium balance
— Hyponatremia (SIADH)

RAAS inhibitors +- MRA (aldosterone)
— Hyperkaliemia (++ in diabetes, eGFR<30ml/min)

Sacubitril/valsartan (ARNI) > ACE alone
— Studies needed for eGFR<30ml/min

B blockers: metoprolol, bisoprolol, carvedilol
— Bradycardia, hypotension (++ eGFR<45ml/min)

Device-based algorithm with iv saline/diuretic
Other devices (CRT...)
SGLT2 inhibitors

eGFR 60+
eGFR 30-59
eGFR < 30

35

4 45 5
Potassium, mmol/L

55 6 65

Acker. Arch Int Med 1998 .

Kovedsky Eur J Heart 2018



Assess severity of hyperkalemia and degree of kidney function (serum K+ and eGFR)
Assess degree of acidosis (serum bicarbonate)
Assess ECG for changes of hyperkalemia

8

K+25-5.5mEq/L  K+255-6mEq/L | Ké3>6-7mEq/L

Mortality and ACE/ARB dose in CKD

oMaximumdose OSubmaximumdose @ Discontinued L %%a :
e 1 Mortality if sub-maximal dosage or stop T
30.1% i
8 27.7% %
3 22.4% /
20.3%
2 2% V/ /
,2? / 13.7% / 13.1%
g ; 10.1% [7 0%
o 9.8% / / 7 8.2% 7
& / / 5.0% / 4.1% /%
CKD stages 3—4 Heart failure Diabetes Total population
(N = 43,288 (N = 20,529 (N =79,087 (N = 201,655
total patients across total patients across total patients across total patients across
dose categories) dose categories) dose categories) dose categories)

Epstein AM J Manag Care 2015. Wang et al NDT2019



ISGLT 2: renal and cardiological protection

VLV wall stress
A Oxygen delivery

oxidation
¥ NHE3 activity

¥ Oxidative stress

Natriuresis

J Glomerular
hypertension

M Distal delivery
of sodium

Glucosuria

J Tubular workload
V¥ Plasma volume

system activity

N Erythropoietin activity

¥ Glycemia
¥ Body weight
M Free fatty acids

A B-hydroxybutyrate

Diuresis
Restoration of
tubuloglomerular
feedback

J Sympathetic nervous

The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE ‘

Cardiovascular and Renal Outcomes
with Empagliflozin in Heart Failure

0
14
[£]
= -2
V Blood pressure E —
eS
g ~
M Red cell mass el
&S 4
=
<
M Ketones VE 5]
o &
g
=0
Insulin resist N
\V Insulin resistance % = Between-group difference in slope,
% 7 1.73 ml per min per 1.73 m? per yr;
< 95% Cl, 1.10-2.37
Glucagon P<0.001
8-
e e | T T T 1
Base- 4 12 32 52 76 100 124
line Week
No. at Risk
Placebo 1792 1765 1683 1500 1146 745 343 76
Empagliflozin 1799 1782 1720 1554 1166 753 356 80
Baseline diabetes status
Diabetes 200/927 265/929 = 0.72 (0.60-0.87)
No diabetes 161/936 197/938 —= 0.78 (0.64-0.97)




The NEW ENGLAND JOUBRNAL of MEDICINE

ORIGINAL ARTICLE

Dapagliflozin in Patients

with Chronic Kidney Disease

Heerspink HIL. NEJM 2020

Dapaglifiozin

Estimated GFR (ml/minf1.73m?)

Least-Squares Mean Change in

Placebo

Mo. of Participants
Placebo 2152 2029 1981
Dapagliflozin 2152 2031 2001

1866
1896

| | | |
12 16 20 24

Months since Randomization

1795 1753 1672 1443
1832 1785 1705 1432

28

935
978

i2

447
406

36

157
157




CONCLUSIONS

v Heart and kidney have multiple bi-directional interaction

v' CKD is associated with increased CV mortality, Heart Failure and
Coronary Heart Disease

v' CRS classified according to acute or chronic renal/cardiac
pathologies

v’ Different mechanisms involved = importance of hemodynamic and
venous congestion



CONCLUSIONS

v Transient WRF does not impact prognosis of AHF

v Diuretic effectiveness and hemoconcentration are predictors of good
prognosis in AHF

v' Elevation of creatinine in the presence of HF has to be interpreted
with caution: not always true AKI

v’ Diuretics are essential: but resistance - to be titred

v Aim for new treatments : The gold age for SGLT2?



Protect your kidneys, Save your heart.




