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Effects of Neuro-hormonal 
System on Kidney

충남대병원 심장내과
정 진옥
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Hillege HL, et al. Circulation. 2000;102:203-210. 

Prognostic value of altered renal 
function in CHF



심장학회 2012                                      Cardiovascular Center, Chungnam National University Hospital

Pathophysiology of the 
Cardiorenal Syndrome

• Low-cardiac output
• Elevation of intra-abdominal and central 

venous pressures
• Electrolyte dysequilibration, volume 

overload
• Neurohormonal and inflammatory 

activation



Renal Hemodynamic Alteration 
in Heart Failure 

Mechanisms that influence renal hemodnamics Alterations in 
heart failure 

Hydrostatic pressure gradients

Cardiac output
Renal vasoconstriction

Decreased
Increased

Oncotic pressure gradients

Solute concentration
Relative permeability of the tubule

Increased
No change

Permeability of the glomerular basement membrane No change 

Neurohormonal mechanisms

Autonomic nervous system
RAAS
Arginine vasopressin
Endothelin
Natriuretic peptides

Increased 
Increased
Increased
Increased
Increased
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Underperfusion

• Acute decompensated heart failure
-> effective arterial filling volume감소
->renal blood flow, renal perfusion감소
->RAAS, SNS(Nepi)활성화
• in the setting of low CO
-> renal blood flow감소, GFR감소
(NO, bradykinin, adenosine, PE)
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Venous congestion

K. Damman et al. European Journal of Heart Failure 9 (2007) 872 – 878
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Venous congestion

K. Damman et al. European Journal of Heart Failure 9 (2007) 872 – 878
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High central venous pressure

Renal venous 
pressure

Renal 
interstitial 
pressure 

Hypoxic trigger

Hydrostatic 
pressure in 

bowman 
capsule

Intrarenal
angiotensin II

RAAS  

SNS activation

Angiotensin II 

Reduced GFR 

Filtration 
coefficient

ANP   

Hypo-
responsiveness to 

ANP in HF 

K. Damman et al. European Journal of Heart Failure 9 (2007) 872 – 878
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Intra-abdominal hypertension

• Increased intra-abdominal pressure from 
ascites and abdominal wall edema is 
prevalent in patient with ADHF

• Elevated renal venous congestion
• Worsening kidney function
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Types of the Cardiorenal
Syndrome (CRS)

Inciting event Secondary
disturbance

CRS type 1 Acute decompensated heart 
failure Acute kidney injury

CRS type 2 Chronic heart failure Chronic kidney 
disease

CRS type 3 Acute kidney injury Acute heart failure

CRS type 4 Chronic kidney disease Chronic heart failure 

CRS type 5 Co-development of heart failure and chronic kidney 
disease
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Neuro-hormonal Systems of Kidney

• Autonomic nervous system
• Renin–angiotensin–aldosterone system 

(RAAS)
• Arginine vasopressin (AVP)
• Endothelin, nitric oxide
• Natriuretic peptide systems, including 

atrial and B-type natriuretic peptide (BNP)



Sympatho-Renal Axis in Chronic Disease

Paul et al. Clin Res Cardiol (2011) 100:1049–1057
Krum et al. Circulation. 2011;123:209-215
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Catheter-Based Renal Sympathetic 
Denervation

Krum et al. Hypertension. 2011;57:911-917
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Krum et al. Hypertension. 2011;57:911-917
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Renin–Angiotensin–Aldosterone
System (RAAS)



Aldosterone

Kidney

Na+ reabsorption, 
K+ excretion

Hypertension

Brain

Blood pressure↑

Blood vessels

Cytokine activation,
Vascular inflammation,
Endothelial dysfunction

Vascular injury

End stage renal disease, Myocardial infarction.
Heart failure, Sudden cardiac death 

Heart

Cardiac 
hypertrophy, 
Myocardial 

fobrosis

LV hypertrophy
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Cardinal role in the pathogenesis of 
cardiovascular disease 

Block Angiotensin II 
• Angiotensin-converting enzyme inhibitors 

(ACEIs)
• Angiotensin II type I (AT1)-receptor blockers 

(ARBs)

Block Aldosterone
• Spironolactone
• Eplerenone



Nishiyama eet al. J Pharmacol Sci 113, 289 – 291 (2010)



Poletti R, et al. Int J Cardiol (2012)Mariusz K et al. Am Heart J 2011;162:487-93
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Peripheral 
vasoconstriction 
& hypertension

Direct renin inhibitor

ARBs/
ACEIs

Further 
lowering of BP 
and potential 
end-organ 
protection

Stimulation 
of RAS 
& SNS

BP

PRA

Ang II
production

Compensatory
response mechanism 

blocked with DRI

Complementary
Mechanism

Direct Renin Inhibitor



Direct Renin Inhibitor
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Angiotensin-converting enzyme 2 (ACE2)

 ~40% homology with ACE 
 Unblocked by ACE inhibitors 
 Degradation of ANG II to ANG-(1-7) & ANGI to ANG-(1-

9) 
 Protect against progressive CKD 
 Kidney diseases is associated with a reduction in renal  
ACE2  expression
 The reduction of ACE2 expression and activity leads to 
local elevation of Ang II concentrations and it contributes 
to development of renal damage



Angiotensin Fragments
Angiotensin-(1-7) Angiotensin-(1-9)

Vasodilatation Enhance bradykinin actions

Anti-proliferative Nitric oxide and arachidonic acid release

Anti-thrombosis Regulation of platelet function

Anti-fibrosis Prothrombotic effects

Anti-arrhythmogenic Maintenance of intraglomerular RAAS 
balance

Vasopressin release

Baroreflex facilitation

Modulation of sympathetic tone

Increase in renal blood flow

Modulation of sodium and water 
handling



Renin–Angiotensin–Aldosterone
system: Dual Function System 

• prothrombotic
• profibrotic
• proliferative
• Pressor

• Anti-thrombotic
• Anti-fibrotic
• antiproliferative
• Vasodilatory

ACE2
Ang-(1-7) 

Mas receptor 

ACE 
Ang II 

AT1 receptor 

New pharmacological 
approach 



Natriuretic Peptide

 Atrial natriuretic peptide 
 28-amino-acid peptide 
 normally synthesized in the atria
 In heart failure, plasma atrial natriuretic peptide 

concentrations rise as atrial pressures increase

 B-type natriuretic peptide 
 32-amino-acid peptide 
 synthesized primarily in the ventricles
 sensitive diagnostic marker of heart failure  as it 

increased in patients with early heart failure or left 
ventricular dysfunction



Natriuretic Peptide
Increased blood volume 
causes increased atrial

stretch

Atrial myocardial cells stretch 
and release natriuretic peptide 

Hypothalamus

Inhibit 
vasopressin

Kideny

GFR Renin

Adrenal 
cortex

Inhibit 
aldosterone

NaCl and H2O    
exrcretion

Medulla

Decreased blood 
pressure
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 Recombinant human brain, or B-type, natriuretic
peptide

 Venous, arterial, and coronary vasodilatory
properties that reduce preload and afterload

 Increase cardiac output without direct inotropic
effects

 Not proarrhythmic effect 

BNP: Nesiritide
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JAMA. 2002;287:1531

During 3-hr placebo period
Placebo n = 62 
IV NTG n = 60
Nesiritide n = 124

After 3-hr period
IV NTG n = 92
Nesiritide n = 154

*P 0.05 vs placebo
†P 0.05 vs IV NTG

PCWP – Placebo 
PCWP – IV NTG 
PCWP – Nesiritide
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ANP

• Urodilatin(recombinant ANP)
: increased natriuresis

• Neutral endopeptidase inhibitors
: reduce breakdown of ANP
: delayed onset of sodium retention



Arginine Vasopressin (AVP) 

J Am Coll Cardiol. 2005;46:1785-1791

Tolvaptan



Tolvaptan
• Selective vasopressin V2-receptor antagonist
• Act on the distal nephron causes loss of 

electrolyte-free water (aquaresis)
• EVEREST trial 



Physician-assessed Signs and Symptoms
(% Patients with Improvement)
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Everest trial. JAMA. 2007;297:1332-1343 



Vicious circle of decreased glomerular function, 
endothelial injury, tubular damage in heart failure

Norman et al. Cli Exp Pharmacology  and  Physiology 33, 989-996
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Prognostic Importance of Biomarkers of Renal 
Dysfunction in Acutely Destabilized Heart Failure

Manzano-Fernández et al. J Am Coll Cardiol 2011;57:849–58



Biomarkers for the Early Detection 
of Acute Kidney Injury

Ronco et al. J Am Coll Cardiol 2008;52:1527–39



High central venous pressure

Renal venous 
pressure

Renal 
interstitial 
pressure 

Hypoxic trigger

Hydrostatic 
pressure in 

bowman 
capsule

Intrarenal
angiotensin II

RAAS  

SNS activation

Angiotensin II 

Reduced GFR 

Filtration 
coefficient

ANP   

Hypo-
responsiveness to 

ANP in HF 

K. Damman et al. European Journal of Heart Failure 9 (2007) 872 – 878

Ultrafiltration, diuretics, sodium and water restriction and AVP receptor antagonists 

ACEi & ARB

Beta-blocker

Neutral endopeptidase inhibitors, Urodilatin

Aldosterone & Eplerenone

Renin inhibitor

Vasopressin V2-receptor antagonist

Renal Sympathetic Denervation

Recombinant B-type natriuretic peptide
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Conclusions

 Disruption of relationship between  kidney and heart 
would be caused mainly by neurohormonal activation of 
kidney 

 Identification of worsening kidney function using various 
biomarkers is cornerstone to diagnosis cardiorenal
syndorme at an earlier time points.

 New drugs strategies are considered, and thereby 
effective control of neurohormonal system is most 
important to inhibit the aggravation of cardiorenal
syndorme
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