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Cardio-renal prognosis by eGFR and albuminuria

in Diabetes Mellitus




CV risk increases as albuminuria progresses or eGFR declines
...and risk is constantly higher in DM vs no-DM

MA including 1,024,977 patients

CV mortality according to UACR CV mortality according to eGFR
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Risk of CV death is significantly increased Risk of CV death is significantly increased
as UACR rises above 10 mg/g as eGFR falls below 75 ml/min/1.73 m2

Fox CS, CKD Prognosis Consortium, Lancet 2012



ESKD risk increases as albuminuria progresses or eGFR declines
...and risk is constantly higher in DM vs no-DM

MA including 1,024,977 patients
ESKD according to UACR —e- mm Nodiabetes,95% 1 ESKD according to eGFR

- Diabetes, 95% Cl
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Risk of ESKD is significantly increased Risk of ESKD is significantly increased
as UACR rises above 100 mg/g as eGFR falls below 45 ml/min/1.73 m?

Fox CS, CKD Prognosis Consortium, Lancet 2012



Categorie di rischio Cardio-Renale nel DM tipo 2
(Linee Guida ESC-EASD 2019)

¢ Diagnosi di malattia cardiovascolare
oppure
* Presenza di danno d'organo, almeno uno tra:

f—  eGFRypap =30 mi/min/1.73 m2
— ipertrofia ventricolare sinistra

retinopatia

oppure

* almeno tre fattori di rischio maggiori tra:
— eta =50 anni
— ipertensione arteriosa
— dislipidemia
- fumo
— obesita

Molto alto

— proteinuria o albuminuria severa® (proteinuria >500 o albuminuria >300, o almeno un + all’esame urine) :

— eta =50 anni

— ipertensione arteriosa
— dislipidemia

- fumo

— obesita
: —  eGFRyppp 60-30 ml/min/1.73m?

¢ Durata di diabete mellito =10 anni senza danno d'organo ma con almeno un fattore di rischio:

Moderato

: — proteinuria o albuminuria moderata* (proteinuria 150-500 o albuminuria 30-300, o “tracce” all’'esame urine) §

Eta <50 anni con durata diabete mellito <10 anni e senza fattori di rischio

SIC-SIN Consensus, G ITAL CARDIOL Oct 2022




Novel approach to the high risk Diabetic CKD

Prevention of Target Organ Damage

? ...more than control of glycemia
-
-
¥ |




Consensus report by ADA-KDIGO:
Diabetes management in chronic kidney disease

...Com|
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(every 3-6
Physical activity Smoking cessation months)
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Healthy diet

Lifestyle

Welght management

SGITZI Metformin RAS inhibitor at maximum Moderate- or
First-line (Initiate if eGFR = 20; [if eGFR =30 tolerated dose (if HTH®) high-intensity statin
drug therapy continue until dialysis @4\:-‘
or trampﬂm % @ % a ﬁ
Ragular reassessmeant

of glycamia, albuminuria,
BE CWD risk, and lipids 1 1 |
Dibrydropyridine CCR Antiplatalet Ezatimibie, PCSKS,

GLP-1 R& if neaded to Monsteroidal MRA&' if
Additionsl achiave Individualized ACR =30 ma‘g and and/or diuratic* if agent for of icosapant athyl if
risk-basad ghycemic target normal potassium needed to achieve climical ASCVD indicated based an
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Other glucose-lowering. Staroidal MRA i

~ drugs if needed to needed for resistant

achieve individualized hypertension T20 anly

ghycamic target ifaGFR 245 &ll patients
o (T and T2D |

@

@“G‘_

Kidney Int, 19 Oct 2022



Consensus report by ADA-KDIGO:
Diabetes management in chronic kidney disease

p i R Lol Weight
e ot ASCVD Heart failure  lowering ypoR'ycoama elg
of CKD efficacy risk effects

Potential Potential
GLP-1 receptor Potentlal
agonists

F'nt-ﬂ-nlid risk®

CDPP-4 inhibitors Meutral Meutral Intermediate
(saxagliptin)
Sulfonylureas Neutral MNeutral MNeutral | High High

Potential
Thiazolidinediones Meutral benefit

Increased risk
(pioglitazone)

a-Glucosidase Neutral Meutral Meutral Intermediate

inhibitors

Kidney Int, 19 Oct 2022



Consensus report by ADA-KDIGO:
Diabetes management in chronic kidney disease

Dapagliflozin 10 mg dailyt

Ertugliflozin Use not recommended with eGFR <45 mL/min/1.73 m?

GLP-1 receptor agonists®

Caution initiating or increasing

Exenatide : ! Use not recommended
dose; avoid once-weekly formulation

Dulaglutide No dose adjustment required

Liraglutide No dose adjustment required

Semaglutide No dose adjustment required

Stage 3b Stage 4 Stage 5
(eGFR 30-44 mL/min/1.73 m?) (eGFR 15-29 mL/min/1.73 m?) (eGFR <15 mL/min/1.73 m?)
SGLT2 inhibitors*
Canaglifiozin Maximum 100 mg daily Initiation not recommended; may continue 100 mg daily if

tolerated for kidney and CV benefit until dialysis

Initiation not recommended with eGFR <25 mL/min/1.73 m?;
may continue if tolerated for kidney and CV benefit until dialysis

Initiation not recommended with eGFR <20
Empagiliflozin 10 mg daily* mL/min/1.73 m? may continue if tolerated for
kidney and CV benefit until dialysis

Lixisenatide No dose adjustment required Use not recommended

Kidney Int, 19 Oct 2022



FLOW trial (semaglutide):
first dedicated™ GLP1-RA renal outcome trial

Randomisation (1:1)

. . T Semaglutide 1.0 mg s.c. OW
>3,000 patients with type 2 DKD

under RAAS blockade

Placebo 1.0 mg

R e T | e PR e TS Mo e e e N |
Dose |
escalation 3-3 years (845 events) Follow-up
B weeks 5 weeks

Event driven

From Jun 2019 to Aug 2024 (expected)

*DKD as inclusion criterion: *Renal Primary Objective:
* eGFR 50-75 mL/min + UACR 300-5000 mg/g Time to first occurrence of a composite of persistent eGFR
* eGFR 25-50 mL/min + UACR 100-5000 mg/g decline <50%, reaching ESRD, death from kidney disease or

death from CV disease
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Heart Failure, Diabetes Mellitus, and Chronic
Kidney Disease

A Clinical Conundrum

David Aguilar, MD

Type 2 DM occurs in 25% of patients with chronic HF = worse outcome
and in 40% of those hospitalized with acute HF = worse outcome

Presence of HF complicates the pharmacological treatment of hyperglycemia:
* Thiazolidinediones are associated with greater rates of HF hospitalization
e Sulfonylureas and insulin increase the risk of hypoglycemia

CKD is common in HF (40% to 50% ) and severity of renal dysfunction
is associated with a graded increase of death risk

Circ Heart Fail. 2016



The kidney in the early stages of HF




Intrarenal Determinants of Sodium
Retention in Mild Heart Failure

Massimo Volpe, Paola Magri, Maria A. E. Rao, Sara Cangianiello, Luca De Nicola

* 10 untreated asymptomatic HF patients (NYHA class |, LVEF 29.7%2 %)
with normal renal function (sCreat 1.0 * 0.06)

* 10 matched normal controls (similar age, BMI, BP, sCreat and salt intake)
« 8 days of high salt intake (15 g/day) vs low salt intake (6 g/day)
e 24h UNaV (salt intake), renal clearances (renal hemodynamics and tubular function)

* Effects of 6-week treatment with Enalapril 5 mg/day

Hypertension 1997



D Normal subjects
. Mild heart failure

Intrarenal determinants 75T _

of Na retention in mild HF
Hypertension 1997

UNaV (mmol/day)
3
[}

Effects of increasec
on UNaV and Na+ bc

The two groups differed in cumulative
Na+ balance with increased ECV of 1.6 L
in normal and 2.4 L in MHF due to
increased prox tubule reabsorption at

high salt diet in mild HF 300
(P<.001)

Sodium
Intake (mmol)




Early Impairment of Renal Hemodynamic Reserve in
Patients With Asymptomatic Heart Failure Is Restored by

Angiotensin II Antagonism

Paola Magri, MD:; Maria A E. Rao, MD; Sara Cangianiello, MD; Vincenzo Bellizzi, MD:
Rosaria Russo, MD: Alessandro F. Mele. MD: Michele Andreucci, MD:; Bruno Memoli, MD:;
Luca De Nicola, MD: Massimo Volpe, MD

Circulation 1998

Normal subjects Mild Heart Failure
700 700
GO0 B, 800
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400 400
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The kidney in the late stages of HF




Overt HF: Mechanisms of salt and water retention

Schrier, NEJM 1999

High-output
cardiac failure

=

 Peripheral
vascular resistance

\ { Fullness of the

arterial circulation

1

t Nonosmotic t Sympathetic

Low-output
cardiac failure

v

} Cardiac output

e

t Renin—angiotensin—

vasopressin —4—————————— nervous system ———— aldosterone system

release activity

l

Diminished
renal hemodynamics
and
renal sodium and
water excretion

activity




Overt HF: Diuretic Resistance

Definition

* Persistent congestion despite
furosemide >80 mg/day

* Failure to excrete at least 90
mmol Na within 72 h of oral
furosemide 160 mg x 2/day

ter Maaten Nat Rev Card 2015

Pathophysiclogy

+ CO
t CvP

+ Plasma albumin

+ RBF and GFR
t RAAS and SNS

Albuminuria

Braking phenomenon
t RAAS and SNS

Jtestin

“» Bowman's
'\ capsule

Mechanisms of loop diuretic resistance

Reduced absorption of loop diuretic

Unable to bind to albumin

Reduced filtration

Proximal Na reabsorption

Organic acids like blood urea nitrogen
competitively bind to OAT, reducing
diuretic availability in the tubule

Filtered albumin binds to furosemide,
reducing availability at cotransporter

Distal Ma reabsorption



after efficacious salt restriction

Multiple Diuretics in HF

¥ preload = T heart function = 7 renal perfusion

Glomerulus

' ,ﬁuetazoiamidej

"\ Proximal l Distal

Thiazide
..l;:!iuret_ics_:

i

@ Blocks carbonic anhydrase
t NaHCO, excretion

Osmotic diuretic
tH,0 excretion

_ j.:.— - convoluted
-~ tubule
Bowman's
capsule
Mannltul
Loop diuretics; - -
— 9
idosteronal | [
 antagonists
(MRA)
‘Mannitol

Loop of Henle

@ Blocks sodium-potassium-chloride
cotransporter
} Na excretion
} K excretion
¥ Cl excretion

GFR FUROSEMIDE
(ml/min) (mg/die)
60-30 50-100
29-15 100-250
<15 250-500

Blocks sodium-chloride
transporter
+ MaCl excretion

Antagonises aldosterone receptor
} Na excretion
} K retention

¥

Goal of BW decrease:
0.3-0.5 kg/day




SGLT2 inhibitors in patients with heart failure with reduced
ejection fraction: a meta-analysis of the EMPEROR-Reduced

and DAPA-HF trials

Zannad, Lancet 30 Aug 2020

First hespitalisation for heart failure

Number with event/number of patients (%) HE (953 Cl)
SGLT2 inhibitor Flacebao
EMPEROR-Reduced 246/1863 ( 342/1867 (18:3%) 069 (0-59-0.81)

DAPA-HF
Total

Test for overall treatment effect p<0.0001

231237 318/2371 (13-4%)

i e S s

070(059-0-83)
0-69 (0-62-0.78)

Test for heterogeneity of effect p=0-00 100 125
First kidney outcome compaosite % '
Number with event/ HR (95 C1)
S6LT2 inhibitor
EMPEROR-Reduced 18/1863 (1-0%) 33/1867 (1-8%) ] i 052 (0-26-0.92)
DAPA-HF 28/2373 (1-2%) 39/2371(1.6%) i 071(0:44-1.16)
Total i 0-62 (0-43-0-90)
Test for overall treatment effect p=0.013 | | | ; |
Test for heterogeneity of effect p=0-42 .25 050 075 100 125

* defined as either sustained eGFR lower than 15 mL/min per 1-73 m?, chronic dialysis, or renal transplant



Prevalence and renal prognosis of left ventricular
diastolic dystunction 1 non-dialysis chronic kidney
disease patients with preserved systolic function

140 ND-CKD patients with LVEF >50% followed for 4.6 yrs (age 66; eGFR 39; 44% diabetics)

Prevalence of left ventricular diastolic dysfunction categories

- eGFR decline ESKD or delta GFR > 50%
-0,25 4
’ 0.8
-0,50 -
-0,75 4 8
— =
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TE 125 =
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-3,00 - 0 - f
Normal Indeterminate Diastolic ' f ' '
Dysfunction 0 2 4 6
stage 1-2 I—— I— Follow ‘JPnge?rf)

Borrelli, De Nicola; J Hypertension 2022



Empagliflozin in Heart Failure
with a Preserved Ejection Fraction

« 5988 patients with HF and EF >40%
e Mean eGFR 61 and eGFR <60 in 50%
* DM249%

* FU 26.2 months

Empagliflozin Placebo Hazard Ratio or
(N=2997) (N=2991) Difference (95% Cl) P Value

events per events per
100 patient-yr 100 patient-yr

Primary composite outcome — no. (%) 415 (13.8) 6.9 511 (17.1) 8.7 0.79 (0.69-0.90)

Hospitalization for heart failure 259 (8.6) 4.3 352 (11.8) 6.0 0.71 (0.60-0.83)
Cardiovascular death 219 (7.3) . 244 (8.2) . 0.91 (0.76-1.09)

Secondary outcomes specified in hierarchical testing procedure

Total no. of hospitalizations for heart failure 0.73 (0.61-0.88)
1.36 (1.06-1.66)

nker for EMPEROR-Preserved group, NEJM 27 Aug 2021



DM2 45%

Dapagliflozin in Heart Failure with Mildly
Reduced or Preserved Ejection Fraction

6263 patients with HF and EF >40%
Mean eGFR 61

FU 26.2 months

Primary Outcome

100
20+
30

Cumulative Incidence (35)
=
I

30

254

20

154

Hazard ratio, 0.82 (95% CI, 0.73-0.92)
P 0,001

Placebo

§ Dapagliflezin
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Days since Randomization

composite of worsening HF (unplanned hospitalization for HF
or urgent visit for HF) or cardiovascular death

Worsening Heart Failure Event
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Hazard ratic, 0.79 (955 CI, 0.65-0.51)
1004 25
9:)_
204 Placebo
— S0
& 15
g 704 i .
| " Dapagliflozin
_§ 60 10
@
£ 50+ 5
$
k- e U T T T T T T T T T T 1
E 304 0 90 180 270 360 450 540 630 720 310 900 990 1080
el
o 204
10
0 — T

T T T T T T T T 1
0 90 130 270 3e0 450 540 30 720 310 900 S50 1080
Days since Randomization

Solomon for DELIVER study group, NEJM 27 Aug 2022



Conclusions




Antihyperglycemic Treatment of DKD

Nephrologist Perspective

Metformin

Diet and :> CKD 3a: < 1500 mg/day Cardiorenal risk
Lifestyle CKD 3b: < 1000 mg/day |:>
g CKD 4: <500 g/day moderate
CKD 5: do not use ﬂ

DPP4-|

Cardiorenal risk Linagliptin 5 mg/d
high or very high across the whole spectrum CKD

/4 ™

SGLT2-I GLP1-RA
v’ CKD v History of CV events
v" Heart failure v" CKD (Il choice)
* No if frequent genital infections * No if Gl intolerance
* Noif high amputation risk * No if risk of medullaty thyroid K




Renal Dysfunction in Heart Failure

Nephrologist Perspective

& Ejection Fraction -

RENAL ANGINA ISCHEMIC KIDNEY FAILURE CONGESTIVE KIDNEY FAILURE
{'Rprox U RPF, GFR Venous
{ Renal reserve {} Na and water excretion Congestion
: -r% ' U Natriuretic response {* Diuretic Resistance
-’? to high salt intake {t CKD/HF progression

& - Low salt diet & RAASI >
- Diuretics & SGLT2-I >




