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Heart-kidney interactions

Cardiorenal syndromes
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Classification of cardio-renal syndromes

Acute kidney injury (AKIl) secondary to
acute heart failure (HF)
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Progressive chronic kidney disease (CKD)
secondary to chronic H¢
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Acute HF secendary to primary AKI

Chronic cardiac dysfunction secondary to
primary CKD

Combined cardiac and renal dysfunction
due to acute or chronic systemic disorders




Mechanisms of cardio-renal syndrome type 4
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Mechanisms of cardio-renal syndrome type 4
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Mechanisms of cardio-renal syndrome type 4
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Mechanisms of cardio-renal syndrome type 4

Atherosclerotic lesion types of coronary arteries as a function of CKD stage \O\Og\
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Mechanisms of cardio-renal syndrome type 4

Atherosclerotic versus arteriosclerosis in CKD \og\a‘
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Mechanisms of cardio-renal syndrome type 4

Arterial stiffness in CKD &O\og\a‘
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Mechanisms of cardio-renal syndrome type 4

Vascular calcification in CKD O\Og\""
: \06\
Total A\ %%Dal/as Heart Study
No CKD (n=2449) | | \‘\3(\6‘ ,a\'\ﬁ'\
m SRR
CKD 1-2 (n=170) [ [ ‘ S
\ \\@
(o)
CKD 3-5 (n=41) I I\‘\,
(2 P
(o)
Non-diabetic Oe'd\)\g<\\‘€;(e
No CKD (n=2182) "7 o\ Wt T [] CAC<11
RE\'S =A<\~
CKD 1-2 (n=108) Ne ¢ S\ ] [] CAC 11-100
5 1|?\)§ G\ V¥
CKD 3-5 (n=28) o \\.\e\b | | [ cAC 101-400
— \\":36 o{\g Bl CAC >400
Diabetfe\M ™. O(\G
No c‘gxb@zm) k™ | |
& N
Q@%?D 1‘@1\_%2) | |
(OF O
\,{\\‘QQ < {\C&D 3-5 (n=13) I I
S S ,
0’\0@0 ? 0% 20% 40% 60% 80% 100%
Coronary artery calcium (CAC)
Kramer H et al. ] Am Soc Nephrol. 2005;16:507-513




Mechanisms of cardio-renal syndrome type 4

Mechanisms of vascular calcification in CKD
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Mechanisms of cardio-renal syndrome type 4

Effect of calcification on plaque stability in CKD
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Mechanisms of cardio-renal syndrome type 4

Effect of calcification on plaque stability in CKD \O\og\a‘
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Cardiovascular risk in CKD
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CVD morbidity and mortality in individuals with and without CKD and CVD G\O\Og
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Relation of albuminuria and eGFR to CVD events
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Prevalence of DKD in people with type 2 diabetes
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Crude prevalence of DKD in patients with type 2 diabetes from Italy G\O\Og
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Prevalence of CVD in people with type 2 diabetes
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Prevalence of CVD in people with type 2 diabetes
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Crude prevalence of CVD by vascular bed according to DKD phenotype ’\o\og
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Risk of CVD in people with type 2 diabetes

Risk of CVD by vascular bed according to DKD phenotype
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Progression to ESRD versus death from CVD
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Progression to ESRD versus death from CVD
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Trend in diabetic complications in people with type 2 diabetes

2
Trends in age-standardized rates of diabetes-related complications among US adults with diagnosed dia&@@, 990-2010
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Relation of albuminuria and eGFR to all-cause and CVD mortality
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Relation of albuminuria and eGFR to all-cause and CVD mortality
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Relation of albuminuria and eGFR to adverse renal outcomes
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Relation of albuminuria and eGFR to adverse renal outcomes
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Relation of albuminuria categories to all-cause mortality
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Relation of eGFR categories to all-cause mortality
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Relation of eGFR categories to all-cause mortality
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Relation of DKD phenotypes to all-cause mortality
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Relation of KDIGO categories to all-cause mortality
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Determinants of all-cause mortality
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Penno G et al. Diabetologia. 2018,61:2277-2289



orenal protection with anti-hyperglycemic agents

\>
American Diabetes Association (ADA) and European Association for the Study of Diabetes (EASD) Cog@@%s Report
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EITHER/ —
No OR G\’ \ O PREFERABLY Cardiorenal
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6?? g\&m. with HF and/or CKD progression in
@%’ © praven CVD CVOTs if eGFR adequate’
\D Git 3\91 benefit!, [ f--------- OR —————————-
(@\3 el if eGFR If SGLT2i not tolerated or
(QQ =) adequate’ contraindicated or if eGFR less
\1‘3 (\Qe than adequate® add GLP-1 RA
05\\ % el with proven CVD benefit'
O\@Q N ¢ »,

Davies MJ et al. Diabetologia. 2018;61:2461-2498



Cardiovascular protection with GLP-1 receptor agonists

r LEADER® SUSTAIN" Y¥mony
t“)@\ (1) s i L 2) R O S ooy (3) EXSCEL ¢ ,(4)€\‘O\ utcomes 5)
Drug Lixisenatide Liraglutide Semaglutide Exenat&(@g\ Albiglutide
O\ \
. (4 \NO*
N 6,068 9,340 3,297 209 \ 9,463
:‘ \\ “\&\(’@\
Follow-up (years) 2.1 3.8 21 6\3 R 232 1.6
History of CVD (%) 100 81 \\@ 83 %\6\\ 73.1 100
Primary endpoint (MACE) 1.02 (0.89-1.17)* 0.87 (o 78-0 90N \or@i%.ss—o.%) 0.91 (0.83-1.00) 0-78 (0-68—0-90)
P=NS @ c)r(\ P=0.02 P=0.06 P=0.0006
- . < “\
Fatal or nonfatal myocardial infarction 1.03 (0.87-1.22) Qgé& 0.74 (0.51-1.08) 0.97 (0.85-1.10) 0.75 (0.61-0.90)
P=NS \6 P=NS* P=NS P=0.003
Fatal or nonfatal stroke 1.12 @‘{ 58 63 a86 (0.71-1.06) 0.61 (0.38—-0.99) 0.85 (0.70-1.03) 0-86 (0-66—1-14)
Q? Ns‘,\Q\ P=NS P=0.041 P=NS
Death from cardiovascular causes 6\\ 8((@7? 1.22) 0.78 (0.66—0.93) 0.98 (0.65-1.48) 0.88 (0.76-1.02) 0.93(0.73-1.19)
6@ ﬂ" P=NS P=0.007 P=NS P=NS
Death from any cause 6(6\0 6\0 0.94 (0.78-1.13) 0.85 (0.74-0.97) 1.05 (0.74-1.50) 0.86 (0.77-0.97) 0-95 (0:79-1-16)
~e° e P=NS P=0.02 P=NS P<0.05
Hospltal{@ﬂgh for Iqeﬁ\g‘allure 0.96 (0.75-1.23) | 0.87(0.73-1.05) | 1.11(0.77-1.61) | 0.94(0.78-1.13) NA
0 P=NS P=NS P=NS P=NS
(o \
Death from cardiovascular causes or NA NA NA 0-85 (0-70-1-04) NA
hospitalization for heart failure P=NS

*4-point MACE;
T only nonfatal.

1. Pfeffer MA et al. N Engl J Med. 2015,;373,;2247-2257; 2. Marso SP et al. N Engl J Med. 2016,;375,311-322; 3. Marso SP et al. N Engl J
Med. 2016,375,;1834-1844; 4. Holman RR et al. N Engl J Med. 2017;377;1228-1239; 5. Hernandez HF et al. Lancet. 2018;392:1519-1529




Cardiovascular protection with SGLT2 inhibitors
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Death from cardiovascular causes Q@%%—Oénﬁk% 001 0.87 (0.72-1.06) P=NS 0.98 (0.82-1.17) P=NS 0.78 (0.61-1.00) P=0.05
Death from any cause d@ 0. %Qﬁ:\g—o 82) P<0.001 0.87 (0.74-1.01) P=NS 0.93 (0.82-1.04) P=NS 0.83 (0.68—-1.02) P=NS
\\-

Hospitalization for heﬁ@lurie

0.65 (0.50-0.85) P=0.002
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0\%«:'udmg fatal stroke; T MACE as secondary endpoint. 1. Zinman B et al. N Engl J Med. 2015; 373:2117-2128

2. Neal Betal. N Engl J Med. 2017,377:644-657
3. Wiviott SD et al. N Engl ] Med. 2019,380:347-357
4. Perkovic V et al. N Engl J Med. 2019; April 14




Cardiovascular protection with GLP-1 receptor agonists by eGFR
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1. Marso SP et al. N Engl J Med. 2016,375;311-322; 2. Hernandez HF et al. Lancet. 2018;392:1519-1529




Cardiovascular protection with SGLT2 inhibitors by eGFR
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1. Zinman B et al. N Engl J Med. 2015; 373:2117-2128; 2. Neal B et al. N Engl J Med. 2017,377:644-657;
3. Wiviott SD et al. N Engl J Med. 2019,380:347-357




Cardiovascular protection with SGLT2 inhibitors in DKD patients
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(o)
Secondary w22 e O
N : GGU (\\‘v
2. CV death or hospitalization for heart failure ? S (\\ 0 0.69 (0.57-0.83) <0.001
ck
>
3. CV death, M, or stroke A\ \6\,\2\ Q(Gg 0.80 (0.67—-0.95) 0.01
4. Hospitalization for heart fa|lé€?€ \(\ G 0.61 (0.47-0.80) <0.001
\‘J
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2 e _
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6\"
‘ \y\l@uQausg\m@r allty 0.83 (0.68-1.02) NA
r\
‘QQOU‘ X" italization f fai italization f
0\ 8. CV death, MI,.stroke, hospitalization for heart failure, or hospitalization for 0.74 (0.63-0.86) NA
unstable angina
Perkovic V et al. N Engl J Med. 2019; April 14




Conclusions

*** Impact of CKD on cardiovascular system o P SV
OC N\

(®)
CVD and CKD influence each other in the context of the ca{s@@g’en%ké 6dromes
N

QO yet®
CKD favors CVD via several mechanisms, inclu%i@qﬁ%\egsé calcification
€2 e
AN e

“* CKD and cardiovascularg@lse\eg\\)
CKD is associated with an&ge@gs%q\g\f@nsk since its early phase

Both increased albe@@ri@é@ﬁereduced eGFR are associated with an increased risk for total

and CVD mor a6 @l’ﬁ%rbidity independent of each other and of other CVD risk factors
el

. AR . .
: 5&%5@){0@%ctlon and cardiovascular risk

()'\QQRenaI protection may be associated with improved CVD outcomes
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