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Hearth and Kidney: dangerous liaison

Regulation of perfusion pressure and flow to periphery
Electrical activity depends on electrolytes and acid-base
Hormonal function (ANP - BNP)

Regulation of volume and BP (Na* and H,0)
Electrolyte and acid-base balance

Hormonal function (Erythropoiesis — Vascular tone)



1903 — F. Collet

Passive renal congestion because
of heart dysfunction

1913 —T. Lewis

1836 — Richard Bright

The prevalence of CVD in patients with
renal disease was accompanied by the
secretion of urinary albumin
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Author
Smith

Tonelli

Damman

Clark

Damman

Epidemiological perspectives
Renal impairment in HF

Year
2006

2006

2007

2014

2014

Population Total n

Acute and chronic CKD: 80 098
HF WRF: 12 634
CV disease, Total: 1 371 990

including chronic HF  HF: 78 272

Acute and chronic HF: 18 634
HF

Chronic HF patients  HF: 20 573
included in RAAS-
inhibitor trials

Acute and chronic CKD: 1076 104

HF WRF: 49 Si

Main results

CKD present in 63% of patients

Baseline CKD associated with mortality: HR 1.56 (1.53-
1.60)

WRF associated with mortality: HR 1.47 (1.26-1.72)

CKD present in 33% of patients
Baseline CK associated with mortality: HR 1.78 (1.57-2.01)

WRF occurred in 25% of patients

WRF associated with mortality: OR 1.62 (1.45-1.82)
WRF associated with HF hospitalizations: OR 1.30 (1.04-
1.62)

WRF occurred in 13 and 9.6% with RAAS inhibitors and
placebo, respectively

WRF associated with mortality RR: 1.36 (1.25-1.48), in
both treatment groups

CKD present in 32% of patients

Baseline CKD associated with mortality: OR 2.34 (2.20-
2.50)

WRF associated with mortality: OR 1.81 (1.55-2.12)
Evidence of publication bias for studies on WRF

Damman k, et al. Eur Heart J 2015;36:1437-1444
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Independent Effect of CKD on CVD Morbidity /
Mortality

o

Deaths from any cause CV events
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Estimated GFR {mL/min/1.73 m?) Estimated GFR (mL/min/1.73 m?)
No. of Events 25803 11,569 7,802 4,408 1,842 Mo.of Events 73,108 34,690 18580 3,809 3,824

N=1,120,295 adults

*Age-standardized rates
tCardiovascular event defined as hospitalization for coronary heart disease, heart failure, ischemic stroke,

and peripheral

arterial disease per 100 person-years

Independent Effect of CKD on CVD Morbidity /

Mortality

Go AS et al. N Engl J Med 2004;351:1296—305.



@ cRs: bidirectionality and time window

Acute Chronic

The need for a consensus classification and definition that describes all the clinical
conditions together with the bidirectional nature of the organ cross-talk and the
time frame of the insult and sequelae emerges clearly.




Pre-clinical Microalbuminuria, LVH, LA enlargement,
. slight decrease in Diastolic dysfunction,
cardiorenal syndrome GFR reducad CER

Asymptomatic stage

Clinical disease

Organ damage

Hypertension, Diabetes, Obesity, Elderly, Smoking Risk Factors

Tsioufis et al, Cardiorenal Medicine 2013



Microalbuminuria in hypertension: Index of difuge
vascular damage beyond the glomelurus
....0Ur experience

Microalbuminuria and aortic stiffness Tsioufis et al. Am J Cardiol 2000; 86: 797-801

Tsioufis, et al. Nephron Clin Pract 2003; 93: 106-111

Microalbuminuria and concentric LVH Tsioufis et al. J HH 2002; 16: 249-254

@

Microalbuminuriaand exaggerated BP response during exercise Tsioufis et al. Am J Med 2008; 19:

211-7

Microalbuminuriaand uric acid Tsioufis et al. J HH 2005; 19: 211-7

Microalbuminuria and T hsCRP and adiponektin levels Tsioufis, et al. Am J Cardiol 2005
Microalbuminuria and CD40L and IL-18 Tsioufis C, et al. Am J Hypertens 2006
Microalbuminuriaand ADMA Tsioufis et al. Am J Kidney Dis 2009

Microalbuminuria and resistin Tsioufis, et al. Am J Hypertens 2009

Microalbuminuria and impaired coronary microcirculation Tsioufis et al, Am J Cardiol 2012



LVH vs CKD as predictors of CV events
in hypertension: a Greek 6-year-follow-

up study Severity of LVH and

| renal outcome
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CKD in Patients With T2D

Epidemiological Situation and Human Economic Burden

Of the “34 million North Diabetes is the #1 cause of
Americans with T2D, kidnev fail

have CKD[] CKD associated
with T2D increases

the risk for CV

events 2-3 foldlcl
More than 1 in 7 North-American adults are
estimated to have CKD; In 2017, treating Medicare ’
& & & @ beneficiaries W|th CKD N
i cost more than ¢ billion,
B 8 and treating people with
ESKD cost an additional P

nld] N\

that is about = n people!ldl

CKD, chronic kidney disease; CV, cardiovascular; ESKD, end stage kidney disease; T2D, type 2 diabetes.

a. https://www.cdc.gov/diabetes/pdfs/data/statistics/national-diabetes-statistics-report.pdf; b. https://www.kidney.org/news/newsroom/factsheets/Diabetes-And-CKD; c. Chen SC and Tseng CH.
Rev Diabet Stud. 2013;10:88-100; d. CDC. Updated March 4, 2021. https://www.cdc.gov/kidneydisease/prevention-risk/CKD-common-serious-costly.html




A Synopsis of the Evidence for the Science and Clinical Management of
Cardiovascular-Kidney-Metabolic (CKM) Syndrome: A Scientific
Statement From the American Heart Association

Health disorder caused by interaction among cardiovascular disease (CVD), chronic
kidney disease (CKD) and metabolic risk factors (e.g. diabetes, hypertension, obesity).

It can lead to development or progression of CVD.

Patients with established CVD are also involved.

Chiadi E. Ndumele, MD, PhD, FAHA etc
Circulation. 2023;148:00-00. DOI: 10.1161
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Cardiovascular-kidney-metabolic (CKM) syndrome

Excess/dysfunctional )
adipose tissue

hyperfiltration

Adipokines | \
Cytokines ¢ \‘.

Potentiates

Ectopic fat deposition
MASLD

Hypertension
Dyslipidemia
Metabolic syndrome
Diabetes

Glomerulosclerosis
» | Tubulointerstitial fibrosis
Chronic kidney disease

Heart—kidney interactions
(Cardiorenal syndrome)

Potentiates

Albuminuria/proteinuria
Bone mineral disease

Atherosclerosis

Myocardial remodeling v

Fibrosis T

Cardiac dysfunction < ( Neurohormonal actlvatl.on
kPIasma volume expansion

Ndumele CE et al, Circulation 2023 Nov 14;148(20):1636-1664



Multidisciplinary team approach is essential for holistic care of
patients with CKM syndrome.

Ndumele CE et al, Circulation 2023 Nov 14;148(20):1636-1664
Larkin H JAMA 2023 Dec 5;330(21):2042-2043



Cardiovascular-Kidney-Metabolic (CKM) Syndrome
Screening

m Screening for all key CKM risk factors (hypertension, diabetes, dyslipidemia,
obesity).

m Screening for kidney impairment (eGFR, UACR).

m Need for development of a risk calculator, especially for the assessment of high-risk
subjects.

Optimal age for early life screening has not been determined in clinical trials.

Ndumele CE et al, Circulation 2023 Nov 14;148(20):1636-1664
Larkin H JAMA 2023 Dec 5;330(21):2042-2043



Cardiovascular-Kidney-Metabolic (CKM) Syndrome
Prevention-treatment

m Stage 1: prevention of metabolic risk factor development (weight loss-adjunctive
pharmacotherapies and surgical approaches, e.g. bariatric surgery).

m Stage 2: focus on CVD prevention (treatment of hypertension, hyperlipidemia,
diabetes mellitus or CKD according to established guidelines).

m Stage 3: preventive therapies for patients with subclinical CVD/HF (CAC scoring
for possible statin use for patients with borderline/intermediate ASCVD risk, ACE
inh., B-blockers in subclinical systolic dysfunction, SGLT2inh. in HFpEF).

m Stage 4: management of patients with CVD overlapping with CKM risk factors
[aspirin or P2Y12i + high-intensity statin +- additional LDL-C-lowering agents,
GDMT for HF (ARNi, B-blockers, MRAs, SGLT2i)].

Ndumele CE et al, Circulation 2023 Nov 14;148(20):1636-1664



Cardiovascular-Kidney-Metabolic (CKM) Syndrome
Gaps in knowledge (1)

Heterogeneity of patients with CKM syndrome (regarding the
presence of risk factors/speed and extent of progression
across CKM stages).

Mechanisms of arrhythmias in CKM syndrome.

Heart failure subtypes most linked to CKM syndrome.

Insufficient data regarding the age for screening for CKM
syndrome.

Ndumele CE et al, Circulation 2023 Nov 14;148(20):1636-1664



Cardiovascular-Kidney-Metabolic (CKM) Syndrome
Gaps in knowledge (2)

m Limited data regarding the frequency of use of cardiac biomarkers in patients with
CKM syndrome.

m Limited data regarding screening of high-risk subjects, prevention and
management of CKM syndrome.

Patients with CKM syndrome and subjects with advanced CKD are underrepresented
in clinical studies.

Ndumele CE et al, Circulation 2023 Nov 14;148(20):1636-1664
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Diuretic therapy

Glomerulus

convoluted

(1) Blocks carbonic anhydrase
t NaHCO, excretion

Osmotic diuretic
tH,0 excretion

capsule

Blocks sodium-potassium-chloride
cotransporter

1 Na excretion
1 K excretion
1 Cl excretion

Blocks sodium-chloride
transporter

4 NaCl excretion

Antagonises aldosterone receptor
1 Na excretion

Loop of Henle K retention

Nature Reviews | Cardiology

ter Maaten, J. M. et al. (2014) Diuretic response in acute heart failure—pathophysiology, evaluation, and therapy
Nat. Rev. Cardiol. doi:10.1038/nrcardio.2014.215



ESC Update 2023 on HFpEF GDLs
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Possible effects by targeting the sympathetic renal
fibers

CNS
Sy,
07'06 %
Yoy, Sl
Mechano - / Chemo - ne,. ®a Sympathetic
Receptors Veg erve ending
NE
o’ \.4
o RDN__ *
RDN 4 == 1
[ &
Kidney : ik
Renal ischemia Heart
; Vessels Kidney
Hypertension Vasoconstriction RBF/GFR { Hypertrophy
Heart failure Ath | - Reni tion 1 Ischemia
Chronic kidney disease erosclerosis S ?'n se(ire ![pn 1 Heart Failure
OSA odium retention Arrhythmias
Proteinuria

Papademetriou V, Tsioufis C, Doumas M. Circulation 2014



2023 ESH guidelines recommend RDN as a safe and

effective adjunctive treatment option in uncontrolled
H?ﬁéﬂgﬂﬁﬁfﬂdorsed by ERA and ISH*

Hypertension

Articles & Issues v For Authors » Journal Info » Latest Articles  Podcasts  Twitter

ESH GUIDELINES

2023 ESH Guidelines for the management of arterial hypertension The
Task Force for the management of arterial hypertension of the
European Society of Hypertension Endorsed by the European Renal
Association (ERA) and the International Society of Hypertension (ISH)

Mancia(Chairperson), Giuseppe®*; Kreutz(Co-Chair), Reinhold™"; Brunstrém, MattiasS; Burnier, Michel®; Grassi, Guido®; Januszewicz, Andrzej’;
Muiesan, Maria Lorenza&; Tsioufis, Kanstantinos"; Agabiti-Rosei, Enrico'; Algharably, Engi Abd Elhady®; Azizi, Michel"; Benetos, Athanase;
Borghi, Claudio™,; Hitij, Jana Brguljan™; Cifkova, Renata®"; Coca, Antonio?; Cornelissen, Veronique'; Cruickshank, Kennedy®; Cunha, Pedro G.1;
Danser, A.H. Jan"; de Pinho, Rosa Maria"; Delles, Christian®; Dominiczak, Anna F.Y; Dorobantu, Maria®; Doumas, Michalis®®; Fernandez-Alfonso,
Maria 5.°%%; Halimi, Jean-MichelS®=™, jarai, Zoltan®s; Jelakovic, Bojan™™ Jordan, Jens'”; Kuznetsova, Tatiana*; Laurent, Stephane'; Lovic,
Dragan™™; Lurbe, Empar™™°%P?; Mahfoud, Felix?®"; Manolis, Athanasios™; Miglinas, Marius™""; Narkiewicz, Krzystof""; Niiranen, Teemu""*;
Palatini, Paolo"; Parati, Gianfranco™®%; Pathak, Atul®®®; Persu, Alexandre™™; Polonia, Jorge®®%; Redon, Josep®®=%&, Sarafidis, Pantelis8es;
Schmieder, Roland"™; Spronck, Bart'; Stabouli, Stellall; Stergiou, George®*¥; Taddei, Stefane'; Thomopoulos, Costas™™™; Tomaszewski,
Macie]"™"°%% Van de Borne, PhilippeP??; Wanner, Christoph?9%; Weber, Thomas™; Williams, Bryan®=; Zhang, Zhen-Yu'™,; Kjeldsen, Sverre E."""

Author Information®

Journal of Hypertension ():10.1097/ HJH.0000000000003480, June 21, 2023. | DOI: 10.1097/ HJH.0000000D000003480

*Endorsed also by AHA after publication https://www.ahajournals.org/doi/abs/10.1161/HYPERTENSIONAHA.123.21592
Mancia G. et al. Journal of Hypertension 2023, 41:000-000 DOI:10.1097/HJH.0000000000003480

European
ESH), Society of

Hypertension
Definition

RCT or meta-analysis
of RCTs with CVD
outcomes

Single trial enough if
sufficient power and
without important
limitations

RCT with surrogate
measures
Observational studies
with CVD outcomes
and no major
limitations
Meta-analysis
including the above
study types

Observational studies
of surrogate measures
Any study type may be
downgraded to level C
due to limitations
Expert opinion (EO)




New 2023 ESH guidelines

Treatment Resistant Hypertension

( BP-lowering therapy in true resistant hypertension® )

If eGFR 230 ml/min/1.73 m?

Patients not controlled with

L ACEi or ARB + CCB + 1, Diuretic® )

If eGFR <30 ml/min/1.73 m? h

not on dialysis
o ( y ) J
. ™

Patients not controlled with

Add
I) Spironolactone® (preferred)
or other MRA¢Y

or

i) BB or Alpha1-blocker
or

) Centrally acting agent

or consider
Renal Denervation
If eGFR >40 ml/min/1.73 m?

\ACEi or ARB + CCB + Loop Diuretic® )

4 Add°

I) Chlorthalidone (preferred)
or other 1 Diuretic
or
I) BB® or Alpha-1 Blocker
or

Il) Centrally acting agent

~

)

European

‘ESH ’ Society of
Hypertension



European
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New 2023 ESH guidelines CJ) Hypertension

Use of renal denervation

Recommendations and statements

RDN can be considered as a treatment option in patients with an eGFR
>40/ml/min/1.73m2  who have uncontrolled BP despite the use of
antihypertensive drug combination therapy, or if drug treatment elicits serious

side effects and poor quality of life.

RDN can be considered as an additional treatment option in patients with

resistant hypertension if eGFR is >40 ml/min/1.73m?

Selection of patients to whom RDN is offered should be done in a shared

decision-making process after objective and complete patient’s information.

Renal denervation should only be performed in experienced specialized

centers to guarantee appropriate selection of eligible patients and

completeness of the denervation procedure.

* CoR Class of Recommendation, LoE Level of Evidence



o
= ESC Council on Hypertension and the European Association of Cardiovascular Intervention (EAPCI) <'/'
Renal denervation in the management of hypertension in EAPCI

RDN
may be a possible
treatment option for

Barbato, et al. European Heart Journal, 15 February 2023,

adults. A clinical consensus statement of the ESC Council on
Hypertension and the European Association of Percutaneous
Cardiovascular Interventions (EAPCI)

Emanuele Barbato', MD, PhD; Michel Azizi*, MD; Roland E. Schmieder®, MD; Lucas Lauder’, MD;
Michael Béhm®, MD; Sofie Brouwers®, MD | PhD; Rosa Maria Bruno™, MD, PhD; Darinsz Dudek®, MD, Ph);
Thomas Kahan® MD, PhD; David E. Kandzan'®, MD; Thomas F. Liischer"!, MD; Gianfranco Parati'?, MD;
Atul Pathak', MD, PhD; Flavio L. Ribichini’*, MD; Markus P. Schlaich'®, MD:; Andrew S.P. Sharp'®, MD;
Isabella Sudano'”, MD, PhD; Massimo Volpe'®. MD; Costas Tsioufis', MD; William Wijns**, MD, PhD;
Felix Mahfoud**, MD, MA

©

EUROPEAN
SOCIETY OF
CARDIOLOGY*®

* In adult patients with uncontrolled resistant hypertension

* OBP 2140/290 mmHg

* confirmed by 24-hr ambulatory SBP 2130 or daytime SBP 2135 mmHg
* Treated with >3 antihypertensive drugs
e And eGFR 240 ml/min/1.73 m?

«Patients unable to tolerate antinypertensive drugs in the tong term
» Patients who express a preference to undergo RDN in a tailored, shared
decision-making process.

These patients may, therefore, be on fewer than 3 drugs at the time of their
selection for RDN due to their prior drug intolerance.



https://doi.org/10.1093/eurheartj/ehad054
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Uncontrolled hypertension

Resistant hypertension + +*% + + + + +
Intolerant to drugs + + + + + - s
Non-adherent to drugs + + 4 + +
High CV risk / severe HMOD + - + + +

* Despite antihypertensive drug combination therapy
** defined by blood pressure >130/80 mm Hg despite being on 3 medications with maximally tolerated doses from classes with outcomes data
(angiotensin-converting enzyme inhibitors or angiotensin Il receptor blockers, calcium channel blockers, thiazide diuretics, and beta blockers)
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FDA Approval

Paradise™ Ultrasound el

indicated to reduce blood pressure as an adjunctive treatment in hypertension
patients in whom lifestyle modifications and antihypertensive medications do not
adequately control blood pressure.

Medtronic Symplicity Spyral™ RDN system
approved by U.S. FDA

The Symplicity Spyral renal denervation system is indicated

to reduce blood pressure as an adjunctive treatment in patients with hypertension in whom
lifestyle modifications and antinypertensive medications do not adequately control blood
pressure.




Renal denervation in the management of hypertension in

Hypertension and the European Association of Percutaneous
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Chronic HF

Atrial

Chronic kidney fibrillation

disease

Potential future indications for RDN
beyond hypertension

(currently under investigation). ?
[}
(==

Type 2
diabetes

Ventricular
tachycardia

Sleep apnoea

adults. A clinical consensus statement of the ESC Council on ('/ @

EUROPEAN

Cardiovascular Interventions (EAPCI) EAPCI  Sociery oF
Y ———— CARDIOLOGY



H enidpaon TnG VEPPIKNG anoveupwong oTnv
apTnPIaKN MIECH OE ACOEVEIG HE XPOVIA VEPPIKI
vooo kal un eAeyxopevn vneptaon (CKD-RDN)



Inclusion criteria
50 pts (out of about 20 will be randomized)
>18Yy.0

uncontrolled HTN (SOBP 2 140mmHg and 24h-SBP
>130mmHgQ)

1-5 anti-HTN drugs (ARB among these) and stable
antihypertensive medication for at least 4weeks

GFR 30-59 ml/min/1.73m2 (MDRD, CKD-EPI)



Exclusion criteria

a.
b.

-]

AVATOMIKA ONUAVTIKE aVWHOAIa VEQPIKAG apTnpiag

AAAN aiTia UTTEPTAONG TTOU UTTOPEi VA AVTIMETWITIOTEI ME
TTapéUpaon/xeipoupyiki eTEURAOT (€.9. AIMOOUVOMIKA OXETIKA OTEVWOT)
VEQPPIKAG apTNPiag, AEITOUPYIKO adEVWHA ETTIVEQPISIWY)

NMponyouuevn eTéURacn VEQPIKAG ATTOVEUPWONG

All latpegiou 2180 mmHg ocuoToAiki kKai/f} 2110 mmHg d1a0TOAIKN
24wpn trepiraTtnTiki All 2160 mmHg ocuoTOAIKA

AvaTopIkOG 1 AEITOUPYIKOG HOVHPNG VEQPPOG, NMETANOOXEUOT VEQPOU
‘EAAs1@n KaTaypa@ng TwV EMITTEOWYV KPEATIVIVIIG 0pOU OTO TTAPEABOV
2akxapwodng diaBnTng TuTTou 1

Ne@pwoiké cuvdpouo

AvTtévoeign yia payvnTiki Topoypagia (MRI)

OgU éuppayua Tou Huokapdiou, aoTad oTNOAYXN N EYKEQPAAOAYYEIOKO
ATUXNHA EVTOG 3 VWYV a1rd TNV ETTICKEYWPN apXIKAG agioAdynong

O%U e1TEI06010 VEQPIKAG VOO OU TTOU ATTAITEI TTPOG TA AVw TITAOTTOINON
OTTOIOUOATTOTE OXIMATOG OVOOOKATOAOTAATIKOU POAPUAKOU EVTOG TWV
TEAEUTAIWYV 3 pnvwyv

. AcOeviig €yKuog, TTOU BNAGCEl ) OKOTTEUEI VO MEIVEI £YKUOG

2UMMETOXN O€ AAAO TTPWTOKOAAO TTAPEUPATIKAG EPEUVAG

OT1ro100ATTOTE KATACTAOT) TTOU, KATA TNV KPion TOU EPEUVNTI], O0a ATTEKAEIE TN

OUMMETOXNA OTN MEAETN (TT.X. NN CUHHOPPWON)
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Flowchart of CKD-RDN

STUDY V2 (-1w)
POPULATION

0000 OBP, ABPM,

—_— ELIGIBILITY CRITERIA
FOR DUS/CTA/M RA
N=20
V1 (-4w)
SCREENING
OSBP 2140 mmHg

24hr-SBP 2130mmHg
AND
1-5 anti-HTN meds
AND
GFR30-59 ml/min/m?

RDN
N grotip Va (3W)
V3 (0)
1:1 OoBP
Sham
(cross-over V5 (6W)
>12months)
V6 (12W)
OBP, ABPM
V7 (19W) l
V10 (52w) V8 (26w)
V9 (39w)
OBP, ABPM — OBP, ABPM
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" Cardiometabolic effects of sympathetic overdrive

Central Obesity/

Overeating Visceral Adiposity |nsulin Resistance
[y + 4
+ v -
"~ Sympathetic Nervous System «

Liver as a central metabolic
organ also plays a key role

Liver  Duodenum - #* pancreas Skeletal Muscle ~ Adipose Tissue Arteriole Kidneys

o Renin Rel
tlecogenolyses 1GLP-1 1|nsulin lGlucose uptake TUponsus TVasoconstriction T Szg;:meR:::ition

Gluconeogenesis Gluconeogenesis
Glucose reabsorption

M G Kiuchi et al, Hypertens Res. 2023 Jul;46(7):1747-1758



Multi-organ denervation to interfere with several key SNS signaling pathways

Central Obesity/
Overeating Visceral Adiposity |nsulin Resistance
e - S
g v +
~» Sympathetic Nervous System «

AL L L LA

Liver as a central metabolic
organ also plays a key role

Liver Duodenum ¥ Pancreas Skeletal Muscle Adipose Tissue Arteriole Kidneys

in R
t Glycogenolyses 1GLP-1 1lnsulin lGlucose uptake tl.ipolysis T Vasoconstriction t :z;i':me;i:zuon

Gluconeogenesis Gluconeogenesis
Glucose reabsorption

l Hyperglycemia l Dyslipidemia l Hypertension

Hypertension Research (2023) 46:1747-1758
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The ideal patient for RDN

esistant
amage

on-adherent
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The ideal patients for MDN

etabolic
amage
on-adherent




EAAHNIKH AHMOKPATIA

Edvikov ko Kanodictpiakov
; '
Novemommuov Adnvev

IXOAH ENIETHMON YIEIAE
TMHMA IATPIKHE

NMPOrPAMMA METAIMNTYXIAKON ZIMOYAQON
APTHPIAKH YMNEPTAZIH

KAI ZYNOAA KAPAIAITEIAKA - NEOPIKA
NOZHMATA

OAHIOZ EMOYANN




