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HF and CKD – the Cardio-Renal Syndrome

CKD = chronic kidney disease; HF = heart failure; M = million 

1. GBD 2017 Disease and Injury Incidence and Prevalence Collaborators. Lancet. 2018;392:1789-1858; 2. Ronco C et al. J Am Coll Cardiol. 2008;52:1527-1539; 3. Jager KJ et al. 
Nephrol Dial Transplant. 2019;34:1803-1805

HF and CKD

vicious circle: 

one causes/worsens 

the other2

HF

2017 Global

Prevalence1

~64M

CKD

2017 Global

Prevalence3

~843M

CKD increases risk of 

CV events

CV events increase the 

risk of incident CKD



Close Association Between Cardiac and Kidney Pathophysiology1,2

CKD = chronic kidney disease; CV = cardiovascular; RAAS = renin-angiotensin aldosterone system; SNS = sympathetic nervous system. 

1. Adapted from Raina R et al. Cardiol Res. 2020;11:76-88; 2. Adapted from Yogasundaram H et al. Can J Cardiol. 2019;35:1208-1219; 3. Damman K et al. J Am Coll 
Cardiol. 2014;63:853-871; 4. Metra M et al. Eur Heart J. 2012;33:2135-2143.

Initiation of 

kidney damage

Progression 

to CKD

Chronic hypoperfusion, 

Apoptosis

Sclerosis - Fibrosis

Chronic Heart Failure Kidney Disease

Anemia, Metabolic Abnormalities, Volume Overload

Cardiorenal 

Connectors

SNS Activation 

RAAS Activation

Oxidative Stress

Inflammation

• Genetic predisposition

• Environmental risk factors

• Low cardiac output

• Inflammation

• Arterial calcification

• Endothelial calcification

• Chronic hypoperfusion

• Increased venous pressure 

• Increased venous resistance

Normal kidney 

function



CKD and HF Are Interconnected: CKD Is Associated With Increased Risk 
of HF and Conversely HF Is Associated With Risk of eGFR Decline

aRapid rate of eGFR decline was defined as slopes steeper than −5 mL/min/1.73 m2/year.

CKD = chronic kidney disease; eGFR = estimated glomerular filtration rate; HF = heart failure; HFpEF = heart failure with preserved ejection fraction; HFrEF = heart failure with 
reduced ejection fraction.

1. Nayor M et al. Eur J Heart Fail. 2017;19:615-623; 2. George LK et al. Circ Heart Fail. 2017;10:e003825.

CKD is associated with incident HF
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HF is associated with rapid 

decline in eGFR2,a

HF is associated with the risk 

of kidney function decline
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Incidences of HF are higher in those with CKD than those without1



Prevalence of CKD overall and by stage in older adult Medicare FFS 
beneficiaries, 2011-2021

7.5% 10.7%
15.2%

20.3%
25.9%



Adjusted all-cause hospitalization rates in older adults, by Age and CKD, 2021



SGLT2-i
I Campioni di incassi a sorpresa



8

Evidence Supports Glycemic and Non-glycemic Effects of SGLT-2i

Dapagliflozin is not indicated for weight loss or hypertension.

1. FARXIGA® (dapagliflozin) [prescribing information]. Wilmington, DE: AstraZeneca Pharmaceuticals LP; May 2020. 2. Eickhoff MK,  et al. J Clin Med. 2019;8(6);779. 3. Merovci A,  et al. 
J Clin Endocrinol Metab. 2015;100(5):1927-1932. 4. Kaneto H,  et al. J Diabetes. 2017;9(3):219-225. 5. Bolinder J,  et al. J Clin Endocrinol Metab. 2012;97(3):1020-1031. 6. Heerspink HJL,  et al. 
Kidney Int. 2018;94(1):26-39. 7. Kalra S,  et al. Indian J Endocrinol Metab. 2017;21(1):210-230. 8. Lambers Heerspink HJ, et al. Diabetes Obes Metab. 2013;15(9):853-862. 9. Verma S,  et al. 
JACC Basic Transl Sci. 2018;3(5):575-587. 10. Tamargo J. Eur Cardiol. 2019;14(1):23-32. 11. Lee TM,  et al. Free Radic Biol Med. 2017;104:298-310.

Potential mechanisms by which 

SGLT-2 inhibition reduces risk for 

heart failure hospitalization are 

not fully understood and research 

is under way

• Decreased preload and afterload6

• Increased cardiac efficiency9,10

• Decreased cardiac remodeling10,11

• Decreased plasma glucose3,4

• Increased β-cell function3,4

• Decreased blood pressure7

• Decreased plasma volume6,8

• Increased hematocrit6

Approximately reabsorbs 

90% filtered glucose

S1

SGLT2

Glucose filtration

(approximately 180g/day)

SGLT-2i

Altered glucose

and sodium 

handling

Glycosuria

Urine: no glucose

Glucose Glucose

1Na+

Lumen Interstitium

GLUT2

SGLT-2

• Decreased glucose and 

sodium reabsorption1,2

• Increased delivery of sodium 

to the distal tubule1

• Decreased body weight5,6

• Decreased fat mass5,6

• Increased insulin sensitivity7



Patient 

Population

Mean eGFR

Primary

Endpoint

• hHF or CV death

0.83 (0.73, 0.95) p=0.005

• CV death or worsening HF 

0.74 (0.65, 0.85) p<0.001

• CV death or worsening HF

0.82 (0.73, 0.92) p<0.001

• ≥50% eGFR decline, ESKD, or 

renal or CV death

0.61 (0.51, 0.72) p=0.000000028

Key 

Secondary

Endpoints

• eGFR decrease ≥40% to <60, 

ESKD or renal death

0.53 (0.43, 0.66) p<0.0001

• All-cause mortality

0.83 (0.71, 0.97) p=0.022

• Total worsening HF and 

CV death

0.77 (0.67, 0.89) p<0.001

• All-cause mortality

0.69 (0.53, 0.88) p=0.0035

• CV death or hHF

0.71 (0.55, 0.92) p=0.0089

Primary Endpoint • CV death 0.86 (0.76, 0.97) p=0.01

Additional Endpoints • All-cause mortality 0.90 (0.82, 0.99) p=0.03

• CV death or hHF 0.78 (0.72, 0.86) p<0.001

T2D HFrEF with or without T2D HFmrEF/HFpEF with or without T2D CKD with or without T2D

85 mL/min/1.73 m2 66 mL/min/1.73 m2 61 mL/min/1.73 m2 43 mL/min/1.73 m2

CV

Renal

Mortality

N = 17,1601,2 N = 47443,4 N = 43046,7N = 62635

Pre-specified patient-level pooled analysis of DAPA-HF and DELIVER

N = 11,0078

Benefit was consistent across the full range of LVEF

Cardio-renal & metabolic continuum



LAVi, left atrial volume index
LVEF, left ventricular ejection fraction 
LVM, left ventricular mass 
LVMi, left ventricular mass index



HFrEF

HFpEF

HFmrEF

Dapagliflozin/
Empagliflozin

(Class I)

Dapagliflozin/
Empagliflozin

(Class I)

Dapagliflozin/
Empagliflozin

(Class I)

MRA

(Class I)

Beta-blockers

(Class I)

ACEI/ARNI/AR
B

(Class I)

Diuretics for 
fluid retention

(Class I)

Diuretics for 
fluid retention

(Class I)

ACEI/ARNI/AR
B

(Class IIb)

MRA

(Class IIb)

Beta-blockers

(Class IIb)

Treatment for 
eatiology, CV 

and no-CV 
comorbodities

(Class I)

Management of patients

Adapted from: McDonagh TA et al. Eur Heart J. 2021; McDonagh TA et al. Online ahead of print. Eur Heart J. 2023.

ESC Heart Failure Guidelines: Class IA Recommendation for 
Dapagliflozin in Patients With HF 







Meta-analysis of randomized trials of in-hospital 
initiation of sodium-glucose cotransporter-2 inhibitors







JAMA Health Forum. 2024;5(11):e243892
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Quali dati per l’anziano?



J Gen Intern Med 39(6):921-30, 2023

Età



CJASN 19: 1119–1129, September, 2024

Fragilità

Multimorbidità

Politerapia



CJASN 19: 1119–1129, September, 2024

Fragilità

Multimorbidità

Politerapia



FI ≤0.210 (not-to-mildly frail), FI 0.211–0.310 (moderately frail), and FI ≥0.311 (severely frail)

Fragilità



Fragilità



Rehman H et al, October 20, 2025. Cureus 17(10): 
e95004

Anemia incidence between two groups

Anemia correction between two groups

Comorbidità



Armentano A et al, 2025

Comorbidità



• Sleep apnea syndrome ++ (better profile)
• Chronic Obstructive Pulmonary Disease ++ 

(reduced risk of COPD exacerbations)
• Aortic stenosis ++(less progression)

Armentano A et al, 2025

Comorbidità



Clinical Kidney Journal , 2025, vol. 18, no. 1, sfae396

Safety



SGLT2 inhibitors, such as empagliflozin, significantly slow kidney function decline vs 
placebo, with numerically fewer AKI events observed when started in the hospital 

6,1 1,6 2,3 3,8
10,3

5,2 4,8 7,2
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mL/min/1.73 m2

(n=185)

45 to <60 
mL/min/1.73 m2

(n=120)

≥60 
mL/min/1.73 m2

(n=192)

Empagliflozin is indicated in adults for the treatment of chronic kidney disease,5

down to an eGFR of 20 mL/min/1.73 m2.
*EMPULSE: During the 90-day treatment period. †p=0.0935. 

P
ro

p
o

rt
io

n
 o

f 
p

a
ti
e

n
ts

 (
%

)
Empagliflozin

Placebo

Overall 
population†

(n=497)

AKI events by treatment group and baseline eGFR 

following initiation in the hospital setting*3

An initial eGFR decrease with SGLT2 inhibitors 

does not equal AKI or kidney failure

Following an initial eGFR decrease, 

SGLT2 inhibitors significantly slow 

kidney function decline
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−15

−10

−5

0

5

4 12 32 52 76 100 124 LVOT Follow-up
Randomization Week

A
d

ju
st

e
d

 m
e

a
n

 c
h

a
n

g
e

 f
ro

m
 

ra
n

d
o

m
iz

a
ti
o

n
 i
n

 e
G

FR
 

(m
L/

m
in

/1
.7

3
 m

2
) 

Placebo

Empagliflozin 10 mg

Safety



Incidence of AKI between SGLT-2 inhibitors and placebo

Safety



> 75 anni

BMJ Open Diab Res Care 2024

Safety



BMJ Open Diab Res Care 2024

Safety



BMJ Open Diab Res Care 2024

> 75 anni

Safety



Safety





J Am Coll Cardiol 2024;84:683–693

Specialty of Providers 

who initiate SGLT2 

inhibitor prescriptions





LA CIRCOLARITÀ NEL PAZIENTE CON
SINDROME CARDIO-NEFRO-METABOLICA:

L’ETÀ NON È PIÙ UN LIMITE

Non solo non è un limite, ma è una maggiore indicazione.

Stop all’inerzia terapeutica !!!
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