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Preface

It has long been known that a close relationship exists between chronic kidney disease
(CKD) and cardiovascular disease (CVD), which has led to the adoption of the termi-
nology “cardiorenal syndrome”. In recent years, the relationship between CKD and
CVD has been shown to be even closer because of the demonstration that renal func-
tion acts as a sensor of global (or total) CVD risk. It is thus now well documented that
from the initial to the advanced stages of renal disease, the cardiovascular system is
involved. Primary disorders of CKD are associated with an enhanced progression of
CVD, even when renal function is only mildly impaired. A significant number of
patients with CKD die of CVD complications before they progress to end-stage renal
failure. This excessive CVD risk is attributed to a high burden of both conventional and
kidney (uremia)-related factors as well as to a wide spectrum of clinicopathologic enti-
ties. Conversely, primary CV disorders can initiate and perpetuate functional renal
impairment and progressive CKD. Overall, the presence of renal dysfunction is an omi-
nous sign of poor outcome in patients who develop ischaemic syndromes or undergo
any type of surgical intervention.

Although a large number of clinical studies and reviews has addressed the cardiorenal
syndrome, the editors deemed it appropriate to provide readers with a book that compre-
hensively addresses all the complex interactive aspects of the cardiorenal relationship, i.e.
from pathophysiology to epidemiology, diagnosis and treatment. We believe that under-
standing the mechanisms linking CKD and CVD is essential also to have more clear per-
spectives on the future therapeutic approaches to this deadly association.

We express our deep gratitude and warm appreciation to the experts who kindly
contributed to the various chapters of this book.

Beirut-Milan, June 2010 Adel E. Berbari
Giuseppe Mancia



Contents

Section I Chronic Kidney Disease and Cardiovascular
Disease Interrelationships ............ ... ... ... .. ... ..... 1

1 Links between Chronic Kidney Disease and Cardiovascular
Disease: A Bidirectional Relationship . .............................. 3

Adel E. Berbari

2 Cardiorenal versus Renocardiac Syndrome .......................... 15
Mohammad Sarraf, Amirali Masoumi, Robert W. Schrier

Section I  Crosstalk between the Cardiovascular System

andthe Kidney ......... .. .. ... . ... .. ... . 35
3 Non-Pressure-Related Deleterious Effects of Excessive Dietary Sodium .. 37
Albert Mimran

4 Regulation of Vascular and Renal Cells by Common Mediators
in Health and Disease: Role of the Renin—Angiotensin System
in the Pathophysiology of Hypertension and Cardiovascular Disease . . . .. 49
Marta Ruiz-Ortega, Raquel Rodrigues-Diez, Sandra Rayego,
Raul R. Rodrigues-Diez, Carolina Lavoz, Esther Civantos, Gisselle Carvajal,
Sergio Mezzano, Alberto Ortiz, Jesus Egido

Section III  Chronic Kidney Disease as a Risk for
Cardiovascular Disease ................................... 65

5 Cardiorenal Continuum . ............ .. .. ... .. .. .. . . .. 67
Jose A. Garcia-Donaire, Luis M. Ruilope

vii



viii

Contents

10

11

Definition and Classification of Stages of Chronic Kidney Disease:
Screening for Chronic Kidney Disease ................ .. .. .. ... ... 81
Tariq Shafi, Joseph Coresh

Cardiovascular Disease Risk Factors in Chronic Kidney Disease:
Traditional, Nontraditional, and Uremia-related Threats . .............. 91
Juan J. Carrero, Peter Stenvinkel

Increased Levels of Urinary Albumin: A Cardiovascular Risk Factor
and a Target for Treatment ............. .. .. .. .. ... .. ... ......... 105
Dick de Zeeuw, Hiddo J. Lambers Heerspink

Microalbuminuria and Kidney Disease: An Evidence-based Perspective .. 117
Rigas G. Kalaitzidis, Pranav Dalal, George L. Bakris

Cardiometabolic Syndrome . ........... ... .. ... .. .. .. .. .. .. ... 131
Manjula Kurella Tamura, Tara I. Chang

Diabetes Mellitus: Is the Presence of Nephropathy Important as a
Cardiovascular Risk Factor for Cardiorenal Syndrome? ......... ... ... 145
Hussein H. Karnib, Fuad N. Ziyadeh

Section IV Spectrum of Cardiovascular Disease in Chronic

Kidney Disease ............ ... ... ... .. . .. . 159

12 Cardiovascular Disease: Coronary Artery Disease and Coronary
Artery Calcification ........ ... ... ... .. .. . .. 171
Srinivasan Beddhu

13 Cardiomyopathy in Chronic Kidney Disease and in End-stage Renal Disease 175
Frank A. Benedetto, Francesco Perticone, Carmine Zoccali

14 Pathophysiological Mechanisms and Prognostic Significance of Renal
Functional Impairment in Cardiac Patients ...................... ... 189
Massimo Volpe, Marco Testa

15 Stroke. . . .. 205
Mario F. Rubin, Raymond R. Townsend

Section V Mechanisms of Cardiovascular Complications ................ 217

16 UremicToxins ..... ... ... ... .. . .. . . . 219

Griet Glorieux, Eva Schepers, Raymond Vanholder



Contents

17 Endothelial Dysfunction, Nitric Oxide Bioavailability,
and Asymmetric Dimethyl Arginine .......... ... .. .. .. ... .. ... ...
Carmine Zoccali

18 Pathophysiologic Link between Atherosclerosis and Nephrosclerosis . . . ..
Elena Kaschina, Thomas Unger

19 Aortic Stiffness, Kidney Disease, and Renal Transplantation ...........
Sola A. Bahous, Michael Delahousse, Michel E. Safar

20 Disturbed Calcium—Phosphorus Metabolism/Arterial Calcifications:
Consequences on Cardiovascular Function and Clinical Outcome . . . . ...
Gérard M. London, Bruno Pannier, Sylvain J. Marchais

21 Role of Neurohormonal Activation in the Pathogenesis of Cardiovascular
Complications in Chronic Kidney Disease . ..........................
Andrea Stella, Giovanna Castoldi

22 Impaired Autonomic Blood Pressure and Blood Volume Control in
Chronic Renal Failure . ... ... .. ... .. .. .. .. .. .. . .. .. .. ...
Guido Grassi, Raffaella Dell’Oro, Fosca Quarti-Trevano, Giuseppe Mancia

23 Role of Novel Biomarkers in Chronic Kidney Disease: Urotensin II . . . . ..
Francesca Mallamaci, Daniela Leonardis, Maria Borrajo

24 Role of Novel Biomarkers in Chronic Kidney Disease: Renalase ........
Gary V. Desir

Section VI  Regression/Progression of Chronic Kidney Disease ............

25 Diabetic Kidney Disease ... .......... ... .. .. .. . . . .
Josep Redon

26 Nondiabetic Kidney Disease .. .......... ... ... .. ... ... ... .. ....
Paolo Cravedi, Piero Ruggenenti, Giuseppe Remuzzi

Section VII Therapeutic Modalities ...................................

27 Approaches in the Management of Patients with Chronic Kidney Disease
and Cardiovascular Disease . .......... ... ... .. .. .. .. ... ... .....
Eberhard Ritz



X Contents

28 Trends in the Management of Cardiac Patients with Renal
Functional Impairment ......... ... .. ... .. .. .. ... .. .. .. .. ... 371
Edward A. Ross, Amir Kazory

Subject Index . .. ... ... .. 387



List of Contributors

Sola A. Bahous

Division of Nephrology and Hypertension
Centre Hospitalier du Nord

Lebanese American University

School of Medicine

Byblos, Lebanon

George L. Bakris

Department of Medicine - Hypertensive
Diseases Unit

The University of Chicago Pritzker
School of Medicine

Chicago, IL, USA

Srinivasan Beddhu

Department of Medicine

University of Utah School of Medicine
Salt Lake City, UT, USA

Frank A. Benedetto

Cardiology Clinical Rehabilitation Unit
A.O. “Bianchi-Melacrino-Morelli”
Reggio Calabria, Italy

Adel E. Berbari

Department of Internal Medicine
American University of Beirut
Medical Center

Beirut, Lebanon

Maria Borrajo

Nephrology Unit

Complexo Hospitalario de Ourense
(CHOU)

Ourense, Spain

Juan J. Carrero

Division of Renal Medicine
Department of Clinical Science,
Intervention and Technology
Karolinska Institutet
Stockholm, Sweden

Gisselle Carvajal
Universidad Austral
Valdivia, Chile

Giovanna Castoldi

Kidney Unit

San Gerardo Hospital

Monza, Milan, Italy and
Department of Clinical Medicine
and Prevention

University of Milano-Bicocca
Monza, Milan, Italy

Tara I. Chang

Division of Nephrology

Stanford University School of Medicine
Palo Alto, CA, USA

Xi



Xii

List of Contributors

Esther Civantos

Cellular Biology in Renal
Diseases Laboratory

Universidad Autéonoma de Madrid
Madrid, Spain

Joseph Coresh

Department of Epidemiology,
Biostatistics and Medicine
Johns Hopkins University
Baltimore, MD, USA

Paolo Cravedi

Mario Negri Institute for
Pharmacological Research
Bergamo, Italy

Pranav Dalal
Department of Medicine
Mount Sinai Hospital
Chicago, IL, USA

Dick de Zeeuw

Department of Clinical Pharmacology
University Medical Center
Groningen, Netherlands

Michael Delahousse
Department of Nephrology
Foch Hospital

Suresnes, France

Raffaella Dell’Oro

Clinica Medica

Department of Clinical Medicine
and Prevention

University of Milano-Bicocca
San Gerardo Hospital

Monza, Milan, Italy

Gary V. Desir

Department of Internal Medicine
VACHS, Yale School of Medicine
New Haven, CT, USA

Jesus Egido

Renal Research Laboratory
Fundacién Jiménez Diaz
Universidad Autéonoma de Madrid
Madrid, Spain

José A. Garcia-Donaire
Hypertension Unit
Hospital 12 de Octubre
Madrid, Spain

Griet Glorieux

Nephrology Unit

Department of Internal Medicine
University Hospital Gent

Gent, Belgium

Guido Grassi

Clinica Medica

Department of Clinical Medicine
and Prevention

University of Milano-Bicocca
San Gerardo Hospital

Monza, Milan, Italy

Rigas G. Kalaitzidis

Department of Medicine
Endocrinology/Hypertension Section
University of Chicago School of Medicine
Chicago, IL, USA

Hussein H. Karnib

Department of Physiology/Internal Medicine
American University of Beirut

Medical Center

Beirut, Lebanon

Elena Kaschina

Center for Cardiovascular Research/CCR
Institute of Pharmacology
Charité-Universitdtsmedizin

Berlin, Germany



List of Contributors

xiii

Amir Kazory

Division of Nephrology, Hypertension
and Transplantation

University of Florida

Gainesville, FL, USA

Manjula Kurella Tamura
Division of Nephrology

Stanford University School of Medicine

and VA Palo Alto Health Care System
Geriatrics Research and Education
Clinical Center

Palo Alto, CA, USA

Hiddo J. Lambers Heerspink
Department of Clinical Pharmacology
University Medical Center
Groningen, Netherlands

Carolina Lavoz

Cellular Biology in Renal
Diseases Laboratory

Universidad Autéonoma de Madrid
Madrid, Spain

Daniela Leonardis

Nephrology, Hypertension and Renal
Transplantation Unit and CNR-IBIM
A.O. “Bianchi-Melacrino-Morelli”
Reggio Calabria, Italy

Gérard M. London
Service d’Hémodialyse
Hopital EH. Manhes
Fleury-Mérogis, France

Francesca Mallamaci

Nephrology, Hypertension and Renal
Transplantation Unit and CNR-IBIM
A.O. “Bianchi-Melacrino-Morelli”
Reggio Calabria, Italy

Giuseppe Mancia

Clinica Medica

Department of Clinical Medicine
and Prevention

University of Milano-Bicocca
San Gerardo Hospital

Monza, Milan, Italy

Sylvain J. Marchais
Service d’Hémodialyse
Hépital FH. Manhes
Fleury-Mérogis, France

Amirali Masoumi
Department of Medicine
University of Colorado Denver
Aurora, CO, USA

Sergio Mezzano
Universidad Austral
Valdivia, Chile

Albert Mimran

Department of Internal Medicine
Centre Hospitalier Universitaire
Moltpellier, France

Alberto Ortiz

Diasysis Unit
Fundacion Jiménez Diaz
Madrid, Spain

Bruno Pannier
Service d’Hémodialyse
Hopital F.H. Manhes
Fleury-Mérogis, France

Francesco Perticone

Department of Experimental and Clinical

Medicine G. Salvatore
University Magna Grecia
Catanzaro, Italy



Xiv

List of Contributors

Fosca Quarti-Trevano

Clinica Medica

Department of Clinical Medicine
and Prevention

University of Milano-Bicocca
San Gerardo Hospital

Monza, Milan, Italy

Sandra Rayego

Cellular Biology in Renal
Diseases Laboratory

Universidad Autéonoma de Madrid
Madrid, Spain

Josep Redon

Internal Medicine — Hypertension Clinic
Hospital Clinico

University of Valencia

Valencia, Spain

Giuseppe Remuzzi

Mario Negri Institute for Pharmacological
Research, Bergamo and

Unit of Nephrology and Dialysis

A.O. Ospedali Riuniti

Bergamo, Italy

Eberhard Ritz
Nierenzentrum/Department of
Internal Medicine

Ruperto Carola University
Heidelberg, Germany

Raquel Rodrigues-Diez

Cellular Biology in Renal
Diseases Laboratory

Universidad Auténoma de Madrid
Madrid, Spain

Raul R. Rodrigues-Diez

Cellular Biology in Renal
Diseases Laboratory

Universidad Autonoma de Madrid
Madrid, Spain

Edward A. Ross

Division of Nephrology, Hypertension
and Transplantation

University of Florida

Gainesville, FL, USA

Mario F. Rubin

Renal Unit

Department of Medicine
Massachussets General Hospital
Boston, MA, USA

Piero Ruggenenti

Mario Negri Institute for Pharmacological
Research, Bergamo and

Unit of Nephrology and Dialysis

A.O. Ospedali Riuniti

Bergamo, Italy

Luis M. Ruilope
Hypertension Unit
Hospital 12 de Octubre
Madrid, Spain

Marta Ruiz-Ortega

Cellular Biology in Renal
Diseases Laboratory

Universidad Autéonoma de Madrid
Madrid, Spain

Michel E. Safar

Université Paris Descartes

Assistance Publique-Hopitaux de Paris
Hétel-Dieu Centre de Diagnostic

et de Thérapeutique

Paris, France

Mohammad Sarraf
Department of Medicine
University of Colorado Denver
Aurora, CO, USA



List of Contributors

XV

Eva Schepers

Nephrology Unit

Department of Internal Medicine
University Hospital Gent

Gent, Belgium

Robert W. Schrier

Division of Renal Diseases and
Hypertension

University of Colorado Denver
Aurora, CO, USA

Tariq Shafi

Department of Medicine/Nephrology
Johns Hopkins University School of
Medicine

Baltimore, MD, USA

Andrea Stella

Kidney Unit

San Gerardo Hospital

Monza, Milan, Italy and
Department of Clinical Medicine
and Prevention

University of Milano-Bicocca
Monza, Milan, Italy

Peter Stenvinkel

Division of Renal Medicine
Department of Clinical Science,
Intervention and Technology
Karolinska Institutet
Stockholm, Sweden

Marco Testa

Division of Cardiology

I Faculty of Medicine

University of Rome “La Sapienza”
Sant’ Andrea Hospital

Rome, Italy

Raymond R. Townsend
Department of Medicine
University of Pennsylvania
Philadelphia, PA, USA

Thomas Unger

Center for Cardiovascular Research/CCR
Institute of Pharmacology
Charité-Universitatsmedizin

Berlin, Germany

Raymond Vanholder
Nephrology Unit

Department of Internal Medicine
University Hospital Gent

Gent University, Belgium

Massimo Volpe

Division of Cardiology

II Faculty of Medicine

University of Rome “La Sapienza”
Sant’ Andrea Hospital

Rome, Italy

Fuad N. Ziyadeh

Department of Internal
Medicine/Biochemistry
American University of Beirut
Medical Center

Beirut, Lebanon

Carmine Zoccali

Nephrology, Hypertension and Renal
Transplantation Unit and CNR-IBIM
A.O. Ospedali Riuniti

Reggio Calabria, Italy



Section |
Chronic Kidney Disease and
Cardiovascular Disease Interrelationships



	Cardiorenal Syndrome: Mechanisms, Risk and Treatment
	Front-matter
	Title Page

	Copyright Page

	Preface
	Table of Contents

	List of Contributors

	Section I: Chronic Kidney Disease and Cardiovascular Disease Interrelationships
	1 Links between Chronic Kidney Disease and Cardiovascular Disease: A Bidirectional Relationship
	1.1 Introduction
	1.2 Definition
	1.3 Chronic Kidney Disease as a Promoter of Cardiovascular Disease
	1.3.1 Epidemiology
	1.3.2 Pathophysiologic Mechanisms
	1.3.2.1 Atherosclerosis
	1.3.2.2 Arteriosclerosis
	1.3.2.3 Endothelial Dysfunction
	1.3.2.4 Uremia-Related CVD

	1.3.3 Course of CVD in CKD

	1.4 CVD in Kidney Transplant Recipients
	1.5 Cardiac Disease as a Promoter of Kidney Dysfunction
	1.6 Conclusions
	References

	2 Cardiorenal versus Renocardiac Syndrome
	2.1 Introduction
	2.2 Heart Failure as a Cause of Kidney Failure (Cardiorenal Syndrome)
	2.2.1 Ventricular Dilation in Congestive Heart Failure
	2.2.2 Left Ventricular Mass Index and Congestive Heart Failure
	2.2.3 Blunted Atrial–Renal Reflexes and Chronic Heart Failure
	2.2.4 Neurohormones and Chronic Heart Failure
	2.2.4.1 Renin–Angiotensin–Aldosterone System
	2.2.4.2 Sympathetic Nervous System
	2.2.4.3 Arginine Vasopressin

	2.2.5 Cardiorenal Intersection in Heart Failure

	2.3 Chronic Kidney Disease as a Pathogenic Factor for Cardiovascular Disease (Renocardiac Syndrome)
	2.3.1 Accelerated Atherosclerosis in Chronic Kidney Disease
	2.3.2 Role of Traditional Risk Factors and Cardiovascular Outcomes in Patients with Chronic Kidney Disease
	2.3.2.1 Hypertension
	2.3.2.2 Diabetes Mellitus
	2.3.2.3 Dyslipidemia
	2.3.3Novel Risk Factors in Cardiovascular Disease Progression in Patients with ChronicKidney Disease
	2.3.3.1 Anemia
	2.3.3.2 Oxidative Stress
	2.3.3.3 Endothelial Dysfunction
	2.3.3.4 Lipoprotein (a)
	2.3.3.5 Hyperhomocysteinemia
	2.3.3.6Inflammation and High-Sensitivity C-Reactive Protein
	2.3.3.7 Accelerated Coronary Calcification
	2.3.3.8 Other Novel Risk Factors



	2.4 Chronic Kidney Disease and Valvular Heart Disease
	2.5 Chronic Kidney Disease and Arrhythmias
	2.6 Conclusions
	References


	Section II:
Crosstalk between the Cardiovascular
System and the Kidney
	3 Non-Pressure-Related DeleteriousEffects of Excessive Dietary Sodium
	3.1 Introduction
	3.2 Measurement of 24-Hour Urinary Sodium is the Gold Standard for Estimating Sodium Intake
	3.3 Influence of Sodium Intake on Subclinical Organ Damage
	3.4 Does the Influence of Dietary Sodium on Target-Organ Damage Translate into a Difference in Risk?
	3.5 Studies on the Effect of Salt Restriction
	3.6 Is Reduction in Dietary Sodium Associated with a Reduction in Cardiovascular Risk?
	3.7 Evidences in Favor of a Direct Effect of Dietary Sodium
	3.8 Mechanism(s) Involved in the Deleterious Effect of Salt
	3.9 Conclusions
	References

	4 Regulation of Vascular and Renal Cells by Common Mediators in Health and Disease: Role of the Renin–Angiotens in Systemin the Pathophysiology of Hypertension and Cardiovascular Disease
	4.1 Renin–Angiotensin System in Vascular and Renal Diseases: From the Classic View to the New and Complex System
	4.2 Pharmacological Blockade of Renin–Angiotensin System in Vascular and Renal Diseases
	4.3 Common Responses to Angiotensin II in Vascular and Renal Diseases: Modulation of Fibrosis and Inflammation
	4.3.1 Angiotensin II and Cell Growth Regulation in Vascular and Renal Diseases
	4.3.2 AngII Regulates Fibrosis via AT1 receptor: Role of CTGF and Smad Signaling Pathway
	4.3.3 Role of Angiotensin II in the Inflammatory Response in Vascular and Renal Diseases
	4.3.4 Active Role of AngII in Different Steps of Atherosclerosis

	4.4 Role of Angiotensin Peptides in Vascular and Renal Diseases
	4.4.1 AngIV in Cardiovascular Damage
	4.4.2 Ang-(1–7) in Renal and Cardiovascular Damage
	4.4.3 Conclusions

	References


	Section III:
Chronic Kidney Disease as a Risk for
Cardiovascular Disease
	5 Cardiorenal Continuum
	5.1 Introduction
	5.2 Cardiovascular Disease Associated with Renal Disease: Evidences Along the Continuum
	5.2.1 Global Therapeutic Approach Focused on Renal Outcomes

	References

	6 Definition and Classification of Stages of Chronic Kidney Disease: Screening for Chronic Kidney Disease
	6.1 Introduction
	6.2 Definition of Chronic Kidney Disease
	6.3 Classification of Chronic Kidney Disease
	6.4 Chronic Kidney Disease Screening
	6.5 Conclusions
	References

	7 Cardiovascular Disease Risk Factors in Chronic Kidney Disease: Traditional, Nontraditional, and Uremia-related Threats
	7.1 Introduction
	7.2 Epidemiological Considerations
	7.2.1 Difficulties in Describing Causes of Death
	7.2.2 Effects of Changing Demographics and Race on CVD in CKD
	7.2.3 Reverse Epidemiology

	7.3 Traditional Risk Factors
	7.3.1 Age, Gender, and Smoking
	7.3.2 Diabetes Mellitus
	7.3.3Hypertension
	7.3.4 Insulin Resistance
	7.3.5 Dyslipidemia

	7.4 Nontraditional and/or Uremia-specific Risk Factors
	7.4.1 Renal Failure Per Se
	7.4.2 Oxidative Stress
	7.4.3 Hyperhomocysteinemia
	7.4.4 Inflammation
	7.4.5 Endothelial dysfunction
	7.4.6 Secondary Hyperparathyroidism and Mineral Metabolism
	7.4.7 Cardiovascular Calcification
	7.4.8 Autonomic Dysfunction
	7.4.9 Anemia
	7.4.10 Hormonal Derangements

	References

	8 Increased Levels of Urinary Albumin: A Cardiovascular Risk Factor and a Target for Treatment
	8.1Introduction
	8.2 Definition of Albuminuria
	8.2.1 How Do We Measure Albuminuria?
	8.2.1.1 Protein or Albumin?
	8.2.1.2 Measurement Technique
	8.2.1.3 Urine Collection
	8.2.1.4 Fresh or Frozen Sample?


	8.3 Epidemiology
	8.4 Pathophysiology
	8.5 CVD Risk Prediction
	8.6 Targeting Albuminuria for CVD Risk Protection
	References

	9 Microalbuminuria and Kidney Disease: An Evidence-based Perspective
	9.1 Introduction
	9.2 Definition of Microalbuminuria
	9.3 Prevalence of Microalbuminuria
	9.4 Pathophysiology of Microalbuminuria
	9.5 Cardiovascular Risk
	9.5.1 Hypertension
	9.5.2 Hyperinsulinemia
	9.5.3 Endothelial Dysfunction
	9.5.4 Dyslipidemia
	9.5.5 C-reactive Protein
	9.5.6 Genetic Associations
	9.5.7 Vascular Risk Assessment

	9.6 Prognostic Implications
	9.7 Chronic Kidney Disease
	9.8 Therapeutic Intervention and Cardiorenal Disease Risk Reduction
	9.9 Conclusions
	References

	10 Cardiometabolic Syndrome
	10.1 Introduction
	10.2 Definition and Origins of Cardiometabolic Syndrome
	10.3 Cardiometabolic Syndrome and CKD Risk
	10.3.1 Microalbuminuria
	10.3.2 CKD

	10.4 Proposed Mechanisms of CKD Risk in Cardiometabolic Syndrome
	10.4.1 Pathologic Findings
	10.4.2 Lipotoxicity
	10.4.3 Inflammation
	10.4.4 Activation of the Renin–Angiotensin System (RAS) Axis
	10.4.5 Obesity and Obesity-Related Hemodynamic Factors
	10.4.6 Hyperuricemia

	10.5Cardiometabolic Syndrome and CVD Risk
	10.5.1 Studies in the General Population
	10.5.2 Studies in CKD Populations

	10.6 Implications for CKD and CVD Risk Prediction and Risk Reduction
	10.6.1 Risk Prediction
	10.6.2 Risk Reduction Strategies

	References

	11 Diabetes Mellitus: Is the Presence of Nephropathy Important as a Cardiovascular Risk Factor for Cardiorenal Syndrome?
	11.1 Introduction
	11.2 Diabetes Mellitus
	11.2.1 Diabetes and the Kidney
	11.2.2 Diabetes and the Heart
	11.2.3 Micro- and Macroalbuminuria in Diabetes and CVD Risk

	11.3 CKD and CVD
	11.4 Pathogenesis
	11.5 Treatment
	11.6 Conclusions
	Reference


	Section IV:
Spectrum of Cardiovascular Disease
in Chronic Kidney Disease
	12  Cardiovascular Disease: Coronary Artery Disease and Coronary Artery Calcification
	12.1 Introduction
	12.2 Coronary Artery Disease in Chronic Kidney Disease
	12.2.1 Etiology and Pathogenesis of CAD in CKD
	12.2.2 Potential Mechanisms of Accelerated Atherosclerosis in CKD
	12.2.2.1 Visceral Adiposity and Atherosclerosis in CKD
	12.2.2.2 Serum Vitamin D, Fibroblast Growth Factor-23 and Alkaline Phosphatase
	12.2.2.3 Hypertension
	12.2.2.4 Dyslipidemia
	12.2.2.5 Inflammation and Oxidative Stress

	12.2.3 Clinical Presentation and Diagnosis of CAD in CKD
	12.2.3.1 Laboratory Diagnosis of Acute Coronary Syndromes
	12.2.3.2 Stress Tests for Diagnosis of Chronic Myocardial Ischemia
	12.2.3.3 Electron Beam Computed Tomography


	12.3 Therapy for CAD in CKD
	12.3.1 Antiplatelet Agents
	12.3.2 Beta Blockers
	12.3.3Angiotensinogen-converting Enzyme (ACE) Inhibitors/AngiotensinReceptor Blockers (ARB)
	12.3.4 Lipid-Lowering Therapy

	12.4 Coronary Revascularization in CKD
	12.5 Coronary Calcification in CKD
	References

	13 Cardiomyopathy in Chronic Kidney Disease and in End-stage Renal Disease
	13.1 Introduction
	13.2 Left Ventricular Mass and Function in Stages 3–5 Chronic Kidney Disease Patients and Dialysis Patients
	13.2.1 Problem of Appropriate Indexing
	13.2.2 Cardiomyopathy in Stages 3–5 Chronic Kidney Disease Patients
	13.2.3 Cardiomyopathy in End-stage Renal Disease Patients

	13.3 Drug Treatment of Left-Ventricular Disorders in Chronic Kidney Disease and End-stage Renal Disease Patients
	13.4 Dialysis Treatment Modalities, Implantable Cardioverters, and Cardiac Resynchronization in End-stage Renal Disease Patients with Left-ventricular Systolic Dysfunction
	13.5Conclusions
	References

	14 Pathophysiological Mechanisms and Prognostic Significance of Renal Functional Impairment in Cardiac Patients
	14.1 Definition of Cardiorenal Syndrome
	14.2 Prevalence of Renal Functional Impairment in HF
	14.3 Pathophysiological Mechanisms
	14.3.1 Complex Mechanisms Involved in ECFV (Dys)regulation in HF
	14.3.2 CRC: Mechanisms Beyond ECFV Regulation
	14.3.2.1 RAAS
	14.3.2.2 Balance Between NO and ROS
	14.3.2.3 Inflammation
	14.3.2.4 SNS

	14.3.3 Importance of Central Venous Pressure
	14.3.4 Anemia: The Third Condition of a Deadly Triad?

	14.4 Prognostic Significance
	14.4.1 Chronic HF
	14.4.2 Acute HF

	References

	15 Stroke
	15.1 Introduction
	15.2 Epidemiology
	15.2.1 Gauging Stroke Risk in CKD

	15.3 Mechanisms of Stroke Occurrence in CKD
	15.3.1 Blood Pressure
	15.3.2 Dyslipidemia
	15.3.3 Anemia
	15.3.4 Proteinuria

	15.4 Management of Stroke Risk in CKD
	15.4.1 Hypertension
	15.4.2 Dyslipidemia
	15.4.3 Anemia
	15.4.4 Other Targets

	15.5 Conclusions
	References


	Section V:
Mechanisms of Cardiovascular Complications
	16 Uremic Toxins
	16.1 Introduction
	16.2 Cardiovascular Implications
	16.3 Classification of Uremic Retention Solutes
	16.3.1 Advanced Glycation End Products
	16.3.2 Advanced Oxidation Protein Products
	16.3.3 Angiogenin – Degranulation-inhibiting Protein I
	16.3.4 Angiotensin II Variants
	16.3.5 Complement Factor D
	16.3.6 p-Cresyl Sulphate
	16.3.7 Cytokines
	16.3.8 Dinucleoside Polyphosphates
	16.3.9 Guanidines
	16.3.10 Homocysteine
	16.3.11 Immunoglobulin Light Chains
	16.3.12 Indoxyl Sulphate
	16.3.13 Leptin
	16.3.14 B2 Microglobulin and AGE-modified B2 Microglobulin
	16.3.15 Oxalic Acid
	16.3.16 Phenylacetic Acid

	16.4 Conclusions
	References

	17 Endothelial Dysfunction, Nitric Oxide Bioavailability, and Asymmetric Dimethyl Arginine
	17.1 Introduction
	17.2 Basic Biochemistry of the NO System
	17.3 Endothelial Dysfunction: Molecular Mechanisms
	17.4 Endothelial NOS Activity Modulation and Factors Affecting NO Bioavailability
	17.5 Biomarkers of Endothelial Function
	17.6 Endothelial and Renal Dysfunction in Essential Hypertension and in the Aging Kidney
	17.7 Endogenous Inhibitors of the Nitric Oxide System, CKD, and Cardiorenal Risk
	17.8 ADMA as a Risk Factor for CKD
	References

	18 Pathophysiologic Link between Atherosclerosis and Nephrosclerosis
	18.1 Introduction
	18.2 Lipid Accumulation
	18.3 Inflammation
	18.4 Cellular Proliferation
	18.5Extracellular Matrix Turnover
	18.6 Thrombosis
	References

	19  Aortic Stiffness, Kidney Disease, and Renal Transplantation
	19.1 Introduction
	19.2 Large Artery Damage in Chronic Renal Disease
	19.2.1 Individuals with ESRD
	19.2.2 Individuals with Mild to Moderate Renal Insufficiency

	19.3 Calcium and Arterial Calcifications
	19.4 Pulse Pressure, Renal Autoregulation, and End-organ Damage
	19.4.1 Kidney Damage and Glomerular Pressure
	19.4.2 Kidney Damage and Autoregulation Loss

	19.5 Conclusions
	References

	20 Disturbed Calcium– Phosphorus Metabolism/ Arterial Calcifications: Consequences on Cardiovascular Function and Clinical Outcome
	20.1 Introduction
	20.2 Mechanisms of Arterial Calcification
	20.3 Clinical Impact of Arterial Calcifications
	20.4 Management and Prevention
	20.5Conclusions
	References

	21 Role of Neurohormonal Activation in the Pathogenesis of Cardiovascular Complications in Chronic Kidney Disease
	21.1 Introduction
	21.2 Epidemiological Considerations
	21.2.1 Increased Sympathetic Nervous System Activity
	21.2.1.1 Renal Mechanisms of Increased Sympathetic Nervous System Activation
	21.2.1.2 Neurogenic Hypertension in Kidney Disease
	21.2.1.3 Reflex Increase in Sympathetic Nervous System Activity and Organ Damage

	21.2.2 Renin–Angiotensin–Aldosterone System
	21.2.3 Interactions Between the Sympathetic Nervous System and the Renin–Angiotensin System

	References

	22 Impaired Autonomic Blood Pressure and Blood Volume Control in Chronic Renal Failure
	22.1 Introduction
	22.2 Reflex Control of Circulation in Renal Failure
	22.2.1 Arterial Baroreflex
	22.2.2 Cardiopulmonary Reflex
	22.2.3 Other Cardiovascular Reflexes

	22.3 Mechanisms Responsible for Reflex Abnormalities
	22.4 Consequences of Cardiovascular Reflex Dysfunction
	22.5 Therapeutic Implications
	References

	23 Role of Novel Biomarkers in Chronic Kidney Disease: Urotensin II
	23.1 Introduction
	23.2 Notes on Urotensin II Biochemistry
	23.3 Role of Urotensin II in the Cardiovascular System in Health and Disease
	23.4 Role of Urotensin II in the Kidney and in Renal Diseases
	23.5 Conclusions
	References

	24 Role of Novel Biomarkers in Chronic Kidney Disease: Renalase
	24.1 Introduction
	24.2 Renalase: Discovery and Characterization
	24.3 Renalase Deficiency in Chronic Kidney Disease
	24.4 Renalase Deficiency and hypertension
	24.5 Renalase Deficiency and Myocardial Necrosis
	24.6 Urinary Renalase and Acute Kidney Injury
	24.7 Renalase Pathway
	References


	Section VI:
Regression/ Progression of
Chronic Kidney Disease
	25 Diabetic Kidney Disease
	25.1 Introduction
	25.2 Physiopathology and Pathology
	25.3 Factors Related to Diabetic Nephropathy Development and Progression
	25.3.1 Hyperglycemia
	25.3.2 Hypertension
	25.3.3 Genetics
	25.3.4 Proteinuria
	25.3.5 Others
	25.3.5.1 Smoking
	25.3.5.2 Dyslipidemia
	25.3.5.3 Diet


	25.4 Prevention and Treatment
	25.4.1 Screening for Urinary Albumin Excretion
	25.4.1.1 GFR Estimation
	25.4.1.2 Blood Pressure Measurement

	25.4.2 Optimize Medical Management and Educate Patients
	25.4.2.1 Glycemic Control

	25.4.3 Blood Pressure Control and Renin–Angiotensin System Blockade
	25.4.4 Studies in Normoalbuminuria Stage
	25.4.5 Studies in Increased Urinary Albumin Excretion
	25.4.6 Studies in Advanced DN

	25.5 Discussion
	References

	26 Nondiabetic Kidney Disease
	26.1 Introduction
	26.2 Mechanisms of Progression of Chronic Nephropathies
	26.2.1 Hypertension
	26.2.2 Proteinuria

	26.3 Renin–Angiotensin System Inhibitors as the First-step Therapy to Control Blood Pressure and Reduce Proteinuria
	26.4 Is Dual RAS Blockade better than Single ACE Inhibitor/ARB Therapy?
	26.5 Other Strategies to Further Decrease Proteinuria
	26.5.1 Renin Inhibitors
	26.5.2 Aldosterone Antagonists
	26.5.3 Statins
	26.5.4Vitamin D
	26.5.5 Smoking Cessation

	26.6 A Multimodal Strategy to Slow Progression of Chronic Proteinuric Nephropathies
	26.7 Is Regression of Chronic Kidney Disease Possible?
	26.8 Conclusions and Perspectives
	References


	Section VII:
Therapeutic Modalities
	27 Approaches in the Management of Patients with Chronic Kidney Disease and Cardiovascular Disease
	27.1 Introduction
	27.2 Assessing Renal Function
	27.3 Pathomechanisms
	27.4 Interventions: The Dilemma of Incomplete Evidence
	27.5 Preventive Strategies
	27.5.1 Target Blood Pressure
	27.5.1.1 Type of Antihypertensive Medication


	27.6 Statins
	27.7 Vitamin D and Phosphate–Calcium Metabolism
	References

	28 Trends in the Management of Cardiac Patients with Renal Functional Impairment
	28.1 Introduction
	28.1.1 Pharmacologic Therapeutic Strategies
	28.1.1.1 Diuretics
	28.1.1.2 Nonpharmacological Salt and Water Removal
	28.1.1.3 Peritoneal Ultrafiltration

	28.1.2 Extracorporeal Ultrafiltration: Equipment and Techniques
	28.1.3 Extracorporeal Ultrafiltration: Recent Advances in Techniques
	28.1.4 Ultrafiltration: Long-term Treatment
	28.1.5 Effect of Ultrafiltration on HF Pathophysiology
	28.1.6 Extracorporeal Ultrafiltration and Renal Function
	28.1.7 Extracorporeal Ultrafiltration: Rate of Fluid Removal
	28.1.8 Safety of Extracorporeal Therapies
	28.1.8.1 Errors in Ultrafiltration
	28.1.8.2 Air Embolism
	28.1.8.3 Blood Leak
	28.1.8.4 Bioincompatibility
	28.1.8.5 Other Potential Complications


	References


	Subject Index

