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Hearth and Kidney: dangerous liaison

Regulation of volume and BP (Na+ and H2O)

Electrolyte and acid-base balance

Hormonal function (Erythropoiesis – Vascular tone)

Regulation of perfusion pressure and flow to periphery

Electrical activity depends on electrolytes and acid-base

Hormonal function (ANP - BNP)



1836 – Richard Bright
The prevalence of CVD in patients with 
renal disease was accompanied by the 

secretion of urinary albumin

1903 – F. Collet
Passive renal congestion because 

of heart dysfunction 

1913 – T. Lewis
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Author Year Population Total n Main results

Smith 2006 Acute and chronic 

HF

CKD: 80 098

WRF: 12 634

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)

Tonelli 2006 CV disease, 

including chronic HF

Total: 1 371 990

HF: 78 272

CKD present in 33% of patients

Baseline CK associated with mortality: HR 1.78 (1.57-2.01)

Damman 2007 Acute and chronic 

HF

HF: 18 634 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)

Clark 2014 Chronic HF patients 

included in RAAS-

inhibitor trials

HF: 20 573 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

Damman 2014 Acute and chronic 

HF

CKD: 1 076 104

WRF: 49 890

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

Renal impairment in HF

Damman k, et al. Eur Heart J 2015;36:1437-1444

Epidemiological perspectives



Independent Effect of CKD on CVD Morbidity /
Mortality

N=1,120,295 adults
*Age-standardized rates
†Cardiovascular 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.



C-R

R-C

ChronicAcute

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.

CRS: bidirectionality and time window



Tsioufis et al,  Cardiorenal  Medicine 2013   

Clinical cardiorenal 
syndrome

Pre-clinical 
cardiorenal syndrome

Asymptomatic stage

CHFCKD

Microalbuminuria, 
slight decrease in 

GFR

LVH, LA enlargement, 
Diastolic dysfunction, 

reduced CFR

Hypertension, Diabetes, Obesity, Elderly, Smoking

Clinical disease

Organ damage

Risk Factors



◼ Μicroalbuminuria 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

◼ Microalbuminuria and exaggerated BP response during exercise Tsioufis et al. Αm J Med 2008; 19: 

211-7

◼ Microalbuminuria and uric acid  Tsioufis et al. J HH 2005; 19: 211-7

◼ Microalbuminuria  and  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

◼ Microalbuminuria and 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

Μicroalbuminuria in hypertension: Index of difuge 

vascular damage beyond the glomelurus

….our experience



LVH vs CKD as predictors of CV events 

in hypertension: a Greek 6-year-follow-

up study

3.2 Fold

Severity of LVH and
renal outcome

Tsioufis C, et al. J Hypertension 2011Tsioufis C, et al. J Hypertension 2009





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

Chiadi E. Ndumele, MD, PhD, FAHA etc

Circulation. 2023;148:00–00. DOI: 10.1161

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.



Cardiovascular-kidney-metabolic (CKM) syndrome

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

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

◼ Screening for kidney impairment (eGFR, UACR).

◼ 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

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

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

◼ 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., β-blockers in subclinical systolic dysfunction, SGLT2inh. in HFpEF).

◼ 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, β-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)

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

◼ 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



KIDNEY

Heart

Kαρδιά και Νεφρός
Παθοφυσιολογική Θεώρηση-Θεραπευτικές Εφαρμογές

Kidney  as basis   of CV therapies

(DRUGS; Diuretic, RAAS blockers, SGL2I, 

Interventions; Renal artery stenting, RDN)





ESC Update 2023 on HFpEF GDLs



Possible effects by targeting the sympathetic renal 
fibers

Mechano - / Chemo -

Receptors

CNS

Sympathetic 

nerve ending

NE

Kidney

Renal ischemia

Hypertension

Heart failure

Chronic kidney disease

OSA

Kidney

RBF/GFR 

Renin secretion 

Sodium retention 

Proteinuria

Vessels

Vasoconstriction

Atherosclerosis

Heart

Hypertrophy

Ischemia

Heart Failure

Arrhythmias

RDN
RDN

Papademetriou V, Tsioufis C, Doumas M. Circulation 2014



2023 ESH guidelines recommend RDN as a safe and 
effective adjunctive treatment option in uncontrolled 
hypertensionNew guidelines endorsed by ERA and ISH*

*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

LoE
2

Definition

A • RCT or meta-analysis 

of RCTs with CVD 

outcomes

• Single trial enough if 

sufficient power and 

without important 

limitations

B • RCT with surrogate 

measures

• Observational studies 

with CVD outcomes 

and no major 

limitations

• Meta-analysis 

including the above 

study types

C • Observational studies 

of surrogate measures

• Any study type may be 

downgraded to level C 

due to limitations

• Expert opinion (EO)



Treatment Resistant Hypertension  

New 2023 ESH guidelines



Recommendations and statements CoR* LoE*

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.

II B

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

resistant hypertension if eGFR is >40 ml/min/1.73m2

II B

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

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

I C

Renal denervation should only be performed in experienced specialized

centers to guarantee appropriate selection of eligible patients and

completeness of the denervation procedure.

I C

Use of renal denervation 

* CoR Class of Recommendation, LoE Level of Evidence

New 2023 ESH guidelines



• In adult patients with uncontrolled resistant hypertension 

• OBP ≥140/≥90 mmHg

• confirmed by 24-hr ambulatory SBP ≥130 or daytime SBP ≥135 mmHg

• Treated with ≥3 antihypertensive drugs 

• And eGFR ≥40 ml/min/1.73 m2

• Patients unable to tolerate antihypertensive drugs in the long 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.to their prior drug 

intolerance.

RDN 
may be a possible 

treatment option for 

Barbato, et al. European Heart Journal, 15 February 2023, https://doi.org/10.1093/eurheartj/ehad054

▪ ESC Council on Hypertension and the European Association of Cardiovascular Intervention (EAPCI)

RDN may be 

used

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


Indications of RDN in the 2023 ESH 
guidelines vs. other international 
consensus statementsIndication

ESH

2023

SCAI
2023

ESC 
2022

NL 
2022

SCAI/
NKF 2021

Spain

2021

Italy

2020

Uncontrolled hypertension +* + + + +

Resistant hypertension + +** + + + + +

Intolerant to drugs + + + + + + +

Non-adherent to drugs + + + + +

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 II receptor blockers, calcium channel blockers, thiazide diuretics, and beta blockers)



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.

FDA Approval

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 antihypertensive medications do not adequately control blood
pressure.



Potential future indications for RDN 

beyond hypertension
(currently under investigation). 



Η επίδραση της νεφρικής απονεύρωσης στην 
αρτηριακή πίεση σε ασθενείς με χρόνια νεφρική 
νόσο και μη ελεγχόμενη υπέρταση (CKD-RDN)



Inclusion criteria

50 pts (out of about 20 will be randomized)

>18 y.o

uncontrolled HTN (SOBP ≥ 140mmHg and 24h-SBP 

>130mmHg)

1-5 anti-HTN drugs (ΑRB among these) and stable 

antihypertensive medication for at least 4weeks

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

CKD study



Exclusion criteria
a. Ανατομικά σημαντική ανωμαλία νεφρικής αρτηρίας

b. Άλλη αιτία υπέρτασης που μπορεί να αντιμετωπιστεί με 

παρέμβαση/χειρουργική επέμβαση (e.g. αιμοδυναμικά σχετική στένωση 

νεφρικής αρτηρίας, λειτουργικό αδένωμα επινεφριδίων) 

c. Προηγούμενη επέμβαση νεφρικής απονεύρωσης 

d. ΑΠ Ιατρείου ≥180 mmHg συστολική και/ή ≥110 mmHg διαστολική 

e. 24ωρη περιπατητική ΑΠ ≥160 mmHg συστολική 

f. Ανατομικός ή λειτουργικός μονήρης νεφρός, μεταμόσχευση νεφρού 

g. Έλλειψη καταγραφής των επιπέδων κρεατινίνης ορού στο παρελθόν

h. Σακχαρώδης διαβήτης τύπου 1 

i. Νεφρωσικό σύνδρομο 

j. Αντένδειξη για μαγνητική τομογραφία (MRI) 

k. Οξύ έμφραγμα του μυοκαρδίου, ασταθή στηθάγχη ή εγκεφαλοαγγειακό

ατύχημα εντός 3 μηνών από την επίσκεψη αρχικής αξιολόγησης 

l. Οξύ επεισόδιο νεφρικής νόσου που απαιτεί προς τα άνω τιτλοποίηση

οποιουδήποτε σχήματος ανοσοκατασταλτικού φαρμάκου εντός των 

τελευταίων 3 μηνών

m. Ασθενής έγκυος,  που θηλάζει ή σκοπεύει να μείνει έγκυος

n. Συμμετοχή σε άλλο πρωτόκολλο παρεμβατικής έρευνας

o. Οποιαδήποτε κατάσταση που, κατά την κρίση του ερευνητή, θα απέκλειε τη 

συμμετοχή στη μελέτη (π.χ. μη συμμόρφωση) 

CKD study



Flowchart of CKD-RDN

STUDY 
POPULATION

V2 (-1w)

OBP, ABPM, 
ELIGIBILITY CRITERIA  
FOR DUS/CTA/MRA

RDN group

OBP

OBP, ABPM

OBP, ABPM

Sham

(cross-over 
>12months)

Ν=20

V8 (26w)

V3 (0) 

1:1

OSBP ≥140 mmHg

24hr-SBP ≥130mmHg
AND

1-5 anti-HTN meds
AND

GFR 30-59 ml/min/m2

V1 (-4w)

SCREENING

V7 (19W)

V5 (6W)

V9 (39w)

OBP, ABPM

V10 (52w)

V4 (3W)

V6 (12W)



Cardiometabolic effects of sympathetic overdrive

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



Hypertension Research (2023) 46:1747–1758



Resistant

Damage

Non-adherent

The ideal patient for RDN



Metabolic 

Damage

Non-adherent

The ideal patients for MDN




