
Handbook of Systemic Autoimmune Diseases

Series Editor: F. Atzeni and P. Sarzi-Puttini

Volume 1 The Heart in Systemic Autoimmune Diseases
Edited by: Andrea Doria and Paolo Pauletto

Volume 2 Pulmonary Involvement in Systemic Autoimmune Diseases
Edited by: Athol U. Wells and Christopher P. Denton

Volume 3 Neurologic Involvement in Systemic Autoimmune Diseases
Edited by: Doruk Erkan and Steven R. Levine

Volume 4 Reproductive and Hormonal Aspects of Systemic Autoimmune Diseases
Edited by: Michael Lockshin and Ware Branch

Volume 5 The Skin in Systemic Autoimmune Diseases
Edited by: Piercarlo Sarzi-Puttini, Andrea Doria, Giampiero Girolomoni
and Annegret Kuhn

Volume 6 Pediatrics in Systemic Autoimmune Diseases
Edited by: Rolando Cimaz and Thomas Lehman

Volume 7 The Kidney in Systemic Autoimmune Diseases
Edited by: Justin C. Mason and Charles D. Pusey

Volume 8 Digestive Involvement in Systemic Autoimmune Diseases
Edited by: Josep Font, Manuel Ramos-Casals and Juan Rodés

Volume 9 Endocrine Manifestations of Systemic Autoimmune Diseases
Edited by: Sara E. Walker and Luis J. Jara

Volume 10 Antiphospholipid Syndrome in Systemic Autoimmune Diseases
Edited by: Ricard Cervera, Joan Carles Reverter and Munther
Khamashta

Volume 11 Pediatrics in Systemic Autoimmune Diseases, Second Edition
Edited by: Rolando Cimaz and Thomas Lehman

Volume 12 Antiphospholipid Syndrome in Systemic Autoimmune Diseases, Second
Edition
Edited by: Ricard Cervera, Gerard Espinosa and Munther Khamashta

Volume 13 The Digestive Involvement in Systemic Autoimmune Diseases, Second
Edition
Edited by: Manuel Ramos-Casals, Munther Khamashta, Pilar Brito-
Zerón, Fabiola Atzeni and Joan Rodés Teixidor

Volume 14 The Heart in Systemic Autoimmune Diseases, Second Edition
Edited by: Fabiola Atzeni, Andrea Doria, Michael Nurmohamed and
Paolo Pauletto



Handbook of Systemic AutoimmuneDiseases, Volume 14

The Heart in Systemic
Autoimmune Diseases

SECOND EDITION

Edited by

Fabiola Atzeni
Rheumatology Unit, L. Sacco University Hospital, Milan, Italy

Andrea Doria
Department of Medicine and Rheumatology Unit, University of Padova
Medical School, Padova, Italy

Michael Nurmohamed
Amsterdam Rheumatology and immunology Center,
Departments of Rheumatology Reade & VU University Medical Center
Amsterdam, The Netherlands

Paolo Pauletto
University of Padova Medical School, Department of Internal Medicine
Treviso, Italy



Elsevier

Radarweg 29, PO Box 211, 1000 AE Amsterdam, Netherlands
The Boulevard, Langford Lane, Kidlington, Oxford OX5 1GB, United Kingdom

50 Hampshire Street, 5th Floor, Cambridge, MA 02139, United States

Copyright © 2017 Elsevier B.V. All rights reserved.

No part of this publication may be reproduced or transmitted in any form or by any means,
electronic or mechanical, including photocopying, recording, or any information storage

and retrieval system, without permission in writing from the publisher. Details on how to
seek permission, further information about the Publisher’s permissions policies and our

arrangements with organizations such as the Copyright Clearance Center and the Copyright
Licensing Agency, can be found at our website: www.elsevier.com/permissions.

This book and the individual contributions contained in it are protected under copyright
by the Publisher (other than as may be noted herein).

Notices
Knowledge and best practice in this field are constantly changing. As new research and

experience broaden our understanding, changes in research methods, professional practices,
or medical treatment may become necessary.

Practitioners and researchers must always rely on their own experience and knowledge in
evaluating and using any information, methods, compounds, or experiments described

herein. In using such information or methods they should be mindful of their own safety
and the safety of others, including parties for whom they have a professional responsibility.

To the fullest extent of the law, neither the Publisher nor the authors, contributors, or editors,
assume any liability for any injury and/or damage to persons or property as a matter of

products liability, negligence or otherwise, or from any use or operation of any methods,
products, instructions, or ideas contained in the material herein.

Library of Congress Cataloging-in-Publication Data
A catalog record for this book is available from the Library of Congress

British Library Cataloguing-in-Publication Data
A catalogue record for this book is available from the British Library

ISBN: 978-0-12-803997-7
ISSN: 1571-5078

For information on all Elsevier publications visit our website at
https://www.elsevier.com/books-and-journals

Publisher: Sara Tenney

Acquisition Editor: Linda Versteeg-Buschmann

Editorial Project Manager: Halima Williams
Production Project Manager: Edward Taylor

Designer: Victoria Pearson

Typeset by TNQ Books and Journals

http://www.elsevier.com/permissions
https://www.elsevier.com/books-and-journals


Dedication

Fabiola would like to thank her family and all of her friends for their incredible
support and help during one of the most difficult periods of her life.

Wewould also like to thankLinda Versteeg-Buschman, HalimaWilliams,
and their staff at Elsevier for their hard work. It has been a great pleasure towork
with them on this second edition.

The Editors



List of Contributors

M. Afanasyeva, Johns Hopkins Medical Institutions, Baltimore, MD, United States

R. Agca, Amsterdam Rheumatology and Immunology Center and Reade, Amsterdam,
The Netherlands

F. Atzeni, IRCCS Galeazzi Orthopedic Institute, Milan, Italy; Rheumatology Unit, L.
Sacco University Hospital, Milan, Italy

N.U. Azmi, Collaborative Research Center for Okayama Medical Innovation Center
(OMIC) and Department of Cell Chemistry, Okayama University Graduate School
of Medicine, Dentistry, and Pharmaceutical Sciences, Okayama, Japan

P. Brito-Zerón, Hospital CIMA-Sanitas, Barcelona, Spain; Laboratory of Autoimmune
Diseases Josep Font, CELLEX-IDIBAPS, Department of Autoimmune Diseases,
ICMiD, Hospital Clı́nic, Barcelona, Spain

A. Brucato, Internal Medicine, Ospedale Papa Giovanni XXIII, Bergamo, Italy

J.P. Buyon, Hospital for Joint Diseases, New York University School of Medicine,
New York, NY, United States

A.L.P. Caforio, Division of Cardiology, Department of Cardiological Thoracic and
Vascular Sciences, Centro ‘V. Gallucci’, University of Padova-Policlinico, Padova,
Italy

F. Caso, Rheumatology Unit, Department of Clinical Medicine and Surgery, University
Federico II, Naples, Italy

R. Cervera, Department of Autoimmune Diseases, Hospital Clı́nic, Barcelona, Spain

R. Clancy, Hospital for Joint Diseases, New York University School of Medicine,
New York, NY, United States

J.G. Coghlan, Royal Free Hospital, London, United Kingdom

M. Corda, Cardiology Unit, Brotzu Hospital, Cagliari, Italy

A. Courties, Department of Rheumatology, DHU i2B, Saint-Antoine hospital,
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Preface

This second edition of The Heart in Systemic Autoimmune Diseases details the
current state-of-the-art of cardiovascular disorders in patients with systemic
and organ-specific autoimmune diseases.

The first chapters deal with general aspects, i.e., the role of immunity and
autoimmunity in the etiology and pathogenesis of cardiac manifestations as
well as the use of cardiovascular imaging in defining cardiovascular features.

The following chapters focus on clinical aspects, including identification,
diagnosis, and treatment of cardiovascular involvement in organ-specific and
rheumatic autoimmune diseases, spondyloarthropathies, vasculitis, and gout.

The last chapter reviews the cardiovascular complications associated with
antirheumatic drugs, synthetics, and biologics used in everyday clinical
practice.

We hope that you will find this book interesting and useful.

The Editors
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Chapter 1

Cellular Immunity: A Role for
Cytokines

D. Lisa Fairweather,* M. Afanasyeva* and N.R. Rosex

*Johns Hopkins Medical Institutions, Baltimore, MD, United States; xDepartment of Molecular

Microbiology and Immunology, Johns Hopkins Medical Institutions, Baltimore, MD, United States

The chapter has been revised and updated by Francesco Caso, Rossella Talotta,
and Fabiola Atzeni for the 2016 edition.

Key Points

l Myocarditis is a process characterized by an inflammatory infiltrate of
the myocardium with necrosis and/or degeneration of adjacent myocytes
not typical of the ischemic damage associated with coronary artery
disease.

l The development of autoimmune heart disease following viral infection
involves the production of key cytokines by immune cells such as mac-
rophages and natural killer cells.

l Environmental or genetic factors allow overproduction of proinflammatory
cytokines, then progression to chronic autoimmune myocarditis may
follow.

1. INTRODUCTION

The heart is a remarkably durable and efficient pump that provides all cells of
the body with nutrients and removes waste products. If cardiac dysfunction
occurs for any reason, it can have devastating results. Consequently, heart
disease accounts for the majority of illness and death in Western populations
(Schoen, 1999). Myocarditis or inflammation of the heart muscle is a signif-
icant contributor to heart disease, especially in infants, children, and young
adults, and its treatment remains problematic (Drory et al., 1991; Rose and
Afanasyeva, 2003). Importantly, myocarditis often precedes the development
of dilated cardiomyopathy (DC), which can lead to heart failure and the need
for cardiac transplantation.

The Heart in Systemic Autoimmune Diseases. http://dx.doi.org/10.1016/B978-0-12-803997-7.00001-6
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Myocardial inflammation is a major diagnostic characteristic of myocar-
ditis. According to the current histologic definition based on the Dallas
criteria, myocarditis is a “process characterized by an inflammatory infiltrate
of the myocardium with necrosis and/or degeneration of adjacent myocytes not
typical of the ischemic damage associated with coronary artery disease”
(Aretz, 1987). Although inflammation can also occur as a result of ischemic
injury, in myocarditis the inflammatory infiltrate plays a primary role in
causing the myocardial damage.

The true incidence of myocarditis in the human population is unknown, but
up to 10% of routine post-mortem examinations show histological evidence of
myocardial inflammation (Gore and Saphir, 1947; Gravanis and Sternby,
1991). Because myocarditis is often difficult to diagnose with standard car-
diologic tests, a definitive diagnosis depends on an endomyocardial biopsy, a
relatively insensitive procedure due to the focal nature of the inflammation.
Histologically defined disease has been confirmed in only approximately 30%
of the patients with clinically suspected myocarditis, and in 30e60% of pa-
tients with DC (Marboe and Fenoglio, 1988; Peters and Poole-Wilson, 1991).
The wide range in the rate of detection of myocarditis in biopsy specimens
probably reflects local differences in diagnostic criteria and patient selection as
well as the insensitivity of biopsy in general.

To further complicate diagnosis, myocarditis can be induced from many
different agents including infections, immune-mediated reactions, or drugs
(Table 1.1). Viral infections, such as Coxsackievirus B3 (CVB3) and cyto-
megalovirus (CMV), are widespread in the population, and most individuals in
Western populations will be infected with one or both of these two viruses at
some point, although acute viral myocarditis may occur frequently without
clinical detection (Forbes, 1989; Grist and Reid, 1993). Advances in molecular
techniques, such as genomic hybridization and the polymerase chain reaction
(PCR), have confirmed the presence of infectious agents like CVB3 in the
hearts of some myocarditis and DC patients, but the high prevalence of these
infections in the population makes it difficult to relate infection with disease.
Because these viruses are so common, diagnostic tests based on detection of
viral antibody tend to be overly sensitive and the viral infection has usually
cleared from the blood stream by the time heart disease occurs. Hence, a better
understanding of the pathogenesis of disease is needed in order to find mea-
sures that both confirm diagnosis and determine whether the disease is at an
early viral or later immune-mediated stage. When viruses directly damage
myocytes or initiate immune-mediated damage is often unclear (Huber, 1997;
Fairweather et al., 2001).

A number of infectious agents other than viruses are associated with
myocarditis. Parasites such as Trypanosoma cruzi (the causative agent of
Chagas disease) are the primary cause of myocarditis in Latin American
populations where parasites are estimated to infect 16 to 18 million people
(Table 1.1) (Cunha-Neto et al., 1996). Chagas disease can afflict nearly 50% of
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endemic populations with 80% of infected individuals developing myocarditis
(Schoen, 1999). Likewise, bacterial infection with Streptococcus pyogenes
may result in rheumatic heart disease, which remains a major cause of heart
disease in many developing countries. Myocarditis has also been associated
with systemic autoimmune diseases such as systemic lupus erythematosus and
polymyositis.

2. AUTOIMMUNITY IN MYOCARDITIS

Soon after autoimmune diseases were first recognized more than a century
ago, researchers began to associate them with infectious organisms. The basic
task of the immune system is to recognize the myriad of foreign molecules that
enter the body from the environment and to avoid harming self (Rose, 2002).

TABLE 1.1 Major Causes of Clinical Myocarditis

Infections

Viruses (e.g., Coxsackievirus, CMV, influenza)

Bacteria (e.g., streptococci, Borrelia burgdorferi (Lyme disease), chlamydia)

Protozoa (e.g., Trypanosoma cruzi (Chagas disease))

Immune-mediated reactions

Post-viral

Post-streptococcal (rheumatic fever)

Systemic lupus erythematosus

Drug hypersensitivity (e.g., sulfonamides)

Transplant rejection

Chemical

Drugs (e.g., adriamycin, cocaine, lead)

Physical

Radiation

Hyperpyrexia

Exercise stress

Unknown

Sarcoidosis

Modified from Huber, S.A., 1997. Autoimmunity in myocarditis: relevance of animal models. Clin.

Immunol. Immunopathol. 83, 93 and Schoen, F.J., 1999. The heart. Cotran, R.S., Kumar, V., Collins,

T. (Eds.), Robbins Pathologic Basis of Disease. W.B. Saunders Co., Philadelphia, pp. 544.
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Despite such protective mechanisms, autoimmune diseases are common in
industrialized societies. Although autoimmune diseases present differently in
different organs, they share many common mechanisms.

In order to better understand the relationship between infection and auto-
immune disease, we established a mouse model of myocarditis induced by
CVB3 (Fairweather et al., 2001). Coxsackievirus is believed to account for the
majority of cases of myocarditis in North America and Europe (Fujioka et al.,
1996; Friman and Fohlman, 1997), and the same virus is capable of inducing
myocarditis in humans and mice. Following CVB3 infection, BALB/c mice
develop an acute, focal inflammatory myocarditis with a mixed cellular
infiltrate peaking around day 12 after infection (Fig. 1.1). Infectious virus can
be detected in the heart during this time, but viral levels do not correlate with
the severity of inflammation (Fairweather et al., 2001, 2003). Inflammation
subsides by day 21 after infection, when heart sections look relatively normal
under the microscope. A similar course also occurs following murine CMV
(MCMV) infection of BALB/c mice (Fairweather et al., 2001). We surmise
that a parallel sequence of events occurs in humans infected with diverse types
of viruses such as CVB3 (a small, nonenveloped RNA virus) or CMV (a large,
enveloped DNA virus). That is, individuals typically develop acute but self-
limiting viral myocarditis that heals without residual lesions. In some in-
dividuals, as in susceptible mouse strains, the disease develops a chronic phase
associated with inflammation and fibrosis accompanied by an autoimmune
response to cardiac myosin and other cardiac antigens. The pathogenic process
sometimes progresses to DC.

FIGURE 1.1 Progression to autoimmune myocarditis following Coxsackievirus B3 (CVB3)

infection of BALB/c mice. Infection of BALB/c mice with CVB3 results in the development of

acute, viral myocarditis. During this time, infectious virus can be detected in the heart, but does not

correlate with the level of inflammation. The acute inflammatory infiltrate in CVB3 infection is

comprised predominantly of macrophages, CD4þ T cells, CD8þ T cells, and B cells. The

inflammation subsides by day 21 after infection. In BALB/c mice, the chronic, autoimmune stage

of the disease emerges around day 28 after infection. Acute myocarditis is characterized by a

mixed cellular infiltrate but very little necrosis or fibrosis, in contrast to the autoimmune chronic

phase where the lymphocytic infiltrate is associated with large regions of fibrosis and necrosis that

may be followed by the development of dilated cardiomyopathy (DC).
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We propose that certain cytokines released in response to viral infection are
key in driving the progression to chronic, autoimmune heart disease in mice.
We have studied the influence of the immune response to the virus on the
subsequent development of myocarditis using mice deficient in immune cells
or cytokines due to antibody treatment or genetic manipulation. This chapter
will focus on the role of these cells and cytokines in the pathogenesis of
myocarditis in mice.

3. PATHOGENESIS: THE ROLE OF CELLS AND CYTOKINES

Although a number of animal species (such as primate, pig, dog, rabbit, guinea
pig, and rat) have been used in myocarditis research, most animal in-
vestigations utilize mice (Huber, 1997). A number of experimental mouse
models of myocarditis and DC have been developed, which closely reflect the
course of human disease. These include immunization of animals with anti-
gens, such as cardiac myosin, or the use of infectious agents such as viruses.
The viruses most often studied in animal models include reovirus, encepha-
lomyocarditis virus, MCMV, and CVB3.

Animal models have provided valuable information on factors important for
susceptibility to viral infection, such as age, sex, nutritional status, pregnancy,
and genetic background (Khatib et al., 1980; Huber et al., 1981;Wolfgram et al.,
1986; Fairweather et al., 2001). Infants are more susceptible to Coxsackievirus
infections than are young children or adults (Kaplan, 1988), and similarly,
susceptibility in mice decreases with increasing age (Khatib et al., 1980).
Furthermore, individuals in the human population respond differently to the
same infectious agent, with similar observations reported with different mouse
strains. Studies to determine the genetic predisposition for myocarditis involved
infecting many types of inbred mouse strains with CVB3 (Wolfgram et al.,
1986). Susceptibility to autoimmune myocarditis, whether inoculating with
CVB3, MCMV, or cardiac myosin plus adjuvant, is under strict genetic control
(Rose et al., 1988; Lawson et al., 1990; Fairweather et al., 2001; Rose and
Afanasyeva, 2003). For example, A/J mice are highly susceptible, BALB/cmice
are intermediate, and C57BL/6 mice are resistant to the development of the
chronic, autoimmune phase of myocarditis (Fig. 1.1). Surprisingly, this sus-
ceptibility is due primarily to genes that are not part of the major histocom-
patibility complex (MHC) (Rose and Afanasyeva, 2003).

Key in our understanding of the control of susceptibility to autoimmune
disease was the finding that inoculation with bacterial lipopolysaccharide
(LPS), interleukin (IL)-1b, or tumor necrosis factor (TNF)-a after viral
infection resulted in the development of the chronic, autoimmune phase of
disease in resistant strains of mice (Lane et al., 1991, 1992; Lenzo et al., 2002).
Moreover, when genetically susceptible A/J mice are treated with agents that
block IL-1 or TNF, they fail to develop myocarditis induced by cardiac myosin
(Neumann et al., 1993). From this series of experiments, we conclude that
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inflammatory mediators are critical for the development of a pathogenic
autoimmune response following viral infection. The production of key cyto-
kines following infection may vary depending on the virus, the mouse strain,
the conditions surrounding the infectious process, or the interplay of these and
other genetic and environmental factors.

3.1 Viral Mouse Model

Infection of BALB/c mice with CVB3 results in the development of acute
myocarditis from day 7e14 after infection (Fig. 1.1). During this time, in-
fectious virus can be detected in the heart, but does not correlate with the level
of inflammation (Fairweather et al., 2003). The inflammatory infiltrate in
CVB3 infection is comprised predominantly of macrophages, natural killer
(NK) cells, CD8þ T cells, and CD4þ T cells, B cells and neutrophils (Godeny
and Gauntt, 1986, 1987a,b; Henke et al., 1995; Fairweather et al., 2001). The
inflammation in the heart subsides by day 21 after infection, when heart
sections look relatively normal under the microscope. In BALB/c mice, the
chronic, autoimmune stage of the disease emerges around day 28 after
infection and can be detected at least until day 56 (Fairweather et al., 2001).
Acute myocarditis following viral infection is characterized by a focal, mixed
cellular infiltrate but very little necrosis or fibrosis, in contrast to the auto-
immune chronic phase where a diffuse lymphocytic infiltrate is associated with
large regions of fibrosis and necrosis that may be followed by the development
of DC (Fig. 1.1).

It is important to note that many of the studies of virally induced
myocarditis used high doses of virus that resulted in death during the acute
phase of myocarditis (Huber, 1997; Horwitz et al., 2000; Fong, 2003). In these
models, necrosis of myocytes and fibrosis can be observed during acute
myocarditis with few animals surviving to the chronic phase. In contrast, a low
dose of virus results in virtually no deaths, allowing 100% of mice to survive
to develop chronic myocarditis and DC (Fairweather et al., 2001). Since young
adults rarely die from acute Coxsackievirus infections (Schoen, 1999), we feel
that the low-dose model more closely resembles the disease as it occurs in
human populations. Interestingly, inoculation of higher doses of CVB3 actu-
ally results in lower levels of inflammation in the heart than inoculation of low
doses (D. Fairweather, unpublished observations).

A study investigating the global expression profile of proinflammatory
genes induced by acute and persistent CVB3 infection in human fibroblast cell
cultures found the rapid induction of a typical spectrum of various
inflammation-related genes including IL-1b, IL-6, IL-8, and a number of
metalloproteases (MMP-1, MMP-3, and MMP-15), thus suggesting that IL-1
plays an essential autocrine role. Neutralization experiments confirmed that
IL-1a and IL-1b were key factors for the induction of inflammation-related
genes during CVB3 infection (Rehren et al., 2013).
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Baldeviano et al. showed that the immunization of mice with myocardi-
togenic peptide in complete Freund adjuvant induced the infiltration of IL-
17Aeproducing Th17 cells into the inflamed heart. However, the incidence
and severity of myocarditis was similar in the IL-17Aedeficient and wild-type
mice (Baldeviano et al., 2010).

Treatment of BALB/c mice with anti-IL-17A monoclonal antibody
administered after the onset of myocarditis abrogates myocarditis-induced
cardiac fibrosis and preserves ventricular function (Baldeviano et al., 2010).

Further, IL-17A deficiency does not improve the myocarditis of interferon
(IFN)-gammaedeficient mice, thus showing that IL-17A plays a minimal role
during acute myocarditis. On the other hand, IL-17Aedeficient mice are
associated with reduced interstitial myocardial fibrosis and the absence of the
development of post-myocarditis remodeling and progression to dilated car-
diomyopathy (Baldeviano et al., 2010).

The use of a recent experimental autoimmune myocarditis (EAM) mouse
model has shown that IL-17 promotes B cell autophagy and facilitates
myocarditis severity (Yuan et al., 2014).

Savvatis et al. have recently investigated whether treatment with anti-IL-6
receptor antibody improves cardiac dysfunction and left ventricular (LV)
remodeling in experimental CVB3-induced myocarditis. IL-6 receptor
blockade shifted the immune response in a Th1 direction and significantly
reduced viral load (Savvatis et al., 2014).

Recent evidence has shown that IL-17 contributes to cardiac fibrosis
following experimental autoimmune myocarditis by means of a PKCb/Erk1/2/
NF-kBedependent signaling pathway (Liu et al., 2012).

The increased frequency of IL-22eproducing Th22 cells may play an
important role in the pathogenesis of acute CVB3-induced mouse viral
myocarditis, and IL-22 may act as a myocardium-protective cytokine via the
IL-22-IL-22R pathway (Kong et al., 2012).

IL-35 is a member of the IL-12 cytokine family that plays a suppressive
and antiinflammatory role in autoimmunity and the immune response to in-
fectious agents (Hu et al., 2014). It also protects the myocardium from the
pathogenesis of CVB3-induced viral myocarditis, possibly as a result of
reduced Th17 production (Hu et al., 2014).

It has been shown that the autoreactive T-cell repertoire derived from mice
infected with CVB3 includes frequent IL-17-producing cells capable of
inducing myocarditis in na€ıve recipients. This demonstrates that CVB3 can
primarily infect the heart, lead to autoreactive T cells, and contribute to cardiac
pathology (Gangaplara et al., 2012).

3.2 Cardiac Myosin Mouse Model

Cardiac myosin is the major target of the autoimmune response in many cases
of myocarditis in humans and mice (Neu et al., 1987; Caforio et al., 1996;
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Wang et al., 1999; Lauer et al., 2000). Evidence that persistent viral infection
is not required for the development of myocarditis comes from the demon-
stration that inoculation of BALB/c mice with cardiac myosin, emulsified in
complete Freund adjuvant, induces an experimental autoimmune myocarditis
(EAM) that closely resembles the myocarditis associated with CVB3 infection
(Fig. 1.1) (Neu et al., 1987; Lawson et al., 1992; Rose, 1996). Twenty-one
days after immunization, the disease is characterized by a predominantly
mononuclear infiltration of the myocardium and some cardiomyocyte death
and replacement fibrosis (Fig. 1.1). The myocardial infiltrate contains many
macrophages, CD4þ T cell and some CD8þ T cells, and B220þ B cells
(Pummerer et al., 1991; Wang et al., 1999). Among the infiltrating cells are
eosinophils and occasional giant cells, both of which are more prominent in
severe myocarditis as often occurs in highly susceptible A/J mice (Afanasyeva
et al., 2001a). At later time points, inflammation recedes and myocardial
fibrosis becomes the hallmark of disease, similar to the late chronic phase of
myocarditis after viral infection (Fig. 1.1). Extensive myocardial damage
eventually leads to the development of DC and congestive heart failure
(Afanasyeva and Rose, 2002).

After the injection of cardiac myosin peptide emulsified in complete
Freund adjuvant, IL-6 plays a key role in EAM pathogenesis (Eriksson et al.,
2003).

IL-6edeficient mice show a reduction in innate and adaptive immune re-
sponses including the expression of adhesion molecules, inflammatory re-
sponses, and autoantibody levels, and the expansion of autoimmune CD4þ

T cells, possibly due to the upregulation of complement C3 (Eriksson et al.,
2003).

There are increasing data concerning the role of antagonists of P2X7 re-
ceptors (which are involved in the pathophysiology of cardiovascular
inflammation) in suppressing the development of EAM (Zempo et al., 2015).
In a recent study in which mice with experimental autoimmune myocarditis
were treated with the P2X7 receptor antagonist A740003 (n ¼ 10) or not
(n ¼ 11), the hearts harvested on day 21 showed that the antagonist improved
myocardial contraction by suppressing the infiltration of CD4þ T cells and
macrophages. Further, the mRNA expression of IL-1 b, the P2X7 receptor, and
NADPH oxidase 2/4 was lower in the heart of the P2X7 receptor antagonist-
treated group (Zempo et al., 2015).

3.3 Role of Cells

Myocarditis may be the result of myocardial infection (i.e., Trypanosoma
cruzii or Coxsackievirus) or sterile inflammation induced by various causes
(cardiac surgery, allergic reactions, excessive stress) in a genetically predis-
posed subject. In both situations, microbial or endogenous products may
trigger the immune response.
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Both cellular and humoral autoimmunity are involved in the pathogenesis
of CVB3-induced myocarditis in susceptible mice, but distinct pathogenic
mechanisms may function in different strains of mice. For example, CBV3
infection in DBA/2 mice has an exclusively humoral pathogenesis, whereas
BALB/c mice develop primarily cell-mediated disease, and the pathogenesis
of disease in A/J mice involves both autoimmune T cells and autoantibodies
(Huber and Lodge, 1986; Lodge et al., 1987).

Various cell populations belonging to the immune system or of cardiac
origin are presumably involved in the pathogenesis of myocardial inflamma-
tion. Both may have proinflammatory or antiinflammatory properties, and cells
belonging to the immune system can give rise to innate and adaptive
responses.

The innate immune response to pathogens has recently aroused consider-
able interest. It used to be thought that innate immunity only provides rapid
(but incomplete) antimicrobial host defense before the development of the
slower, more definite acquired immune response (Fearon and Lockley, 1996;
Parish and O’Neill, 1997; Hoffmann et al., 1999), but recent research indicates
that innate immunity critically affects the subsequent development of the
adaptive immune response and autoimmunity (Carroll and Prodeus, 1998;
Seder and Gazzinelli, 1999; Kadowski et al., 2000; Kaya et al., 2001). How
innate immunity controls the initiation of an adaptive response and the
development of autoimmune disease is not clear, but is likely to involve the
innate immune cell release of proinflammatory cytokines.

Innate responses involve neutrophils, macrophages, monocytes, and innate
lymphoid cells.

Neutrophils are the first cells recruited in the case of cardiac injury. During
myocardiocyte necrosis, mitochondrial DNA and formylated peptides, which
have a similar molecular structure to that of bacterial products, may attract and
activate neutrophils by interacting with toll-like receptors (TLRs) or formyl-
peptide receptor-1, and the release of cytokines such as IL-1, IL-6, and
TNFa further promotes the recruitment of neutrophils at the site of injury. IL-6
may be released by injured cardiomyocytes, monocytes, macrophages and, in
an autocrine manner, by neutrophils themselves. IL-17, another cytokine that
strongly recruits and activates neutrophils, is produced by mononuclear cells
and its production decreases following neutrophil apoptosis, thus establishing
negative feedback. Neutrophils sustain inflammation by secreting proteases
and reactive oxygen species.

Monocytes and resident macrophages may also contribute to inflammation
and tissue repair. Circulating monocytes are induced to adhere to cardiac
vessels in order to reach the damaged tissues. Different pools of circulating
monocytes may account for different pathogenic roles mouse models: e.g.,
Ly6cHi monocytes are recruited in the case of ischemic or hypertensive cardiac
damage, whereas Ly6cLow monocytes are not (Epelman et al., 2015).
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Resident macrophages can be divided into three subsets on the basis of the
expression of major histocompatibility class II and CeC chemokine receptor 2
markers (CCR2). The pool of CCR2þ macrophages, which are mainly derived
from circulating monocytes, expands after an inflammatory stimulus, and may
activate the NLPR3 inflammasome pathway in response to ischemic, hyper-
trophic, or hypertensive diseases, thus generating large amounts of IL-1.
Conversely, CCR2-resident macrophages are indispensable for myocardial
tissue remodeling, scar healing, and repair. Macrophages are also involved in
the phagocytosis of apoptotic cells, including neutrophils, and impaired
clearance (possibly due to local inflammation and an imbalance of regulatory
and proinflammatory cytokines) may amplify the inflammatory burden.

Cells belonging to the innate immune response, may recognize microbial
and endogenous peptides [pathogen-associated molecular patterns and damage-
associated molecular patterns (DAMPs)] via the TLR pathway, and generate a
cascade of intracellular signals culminating in the nuclear translocation of
NFkB and the final transcription of various genes coding for the cytokines and
other molecules involved in the inflammatory response. MyD88 or IL-1
receptoreassociated kinase 4 (IRAK4) knock-out mice infected with CVB3
show a more favorable disease course related to the reduced nuclear trans-
location of NFkB and the higher production of protective type I interferons.

NK lymphocytes anticipate the adaptive response by secreting large amounts
of IFNg after encountering the antigen. A recent study of murine EAM has
shown that NK lymphocytes may prevent the infiltration of the eosinophils
finally responsible for myocardium fibrosis directly (by inducing apoptosis) or
indirectly by inhibiting the release of chemokines (Ong et al., 2015).

NK cells are an important first line of defense against viral infections as
they efficiently limit the replication of CVB3 and MCMV (Godeny and
Gauntt, 1987a; Bancroft, 1993; Tay et al., 1998). When antigen-presenting
cells detect a viral infection of host tissue, they release cytokines and che-
mokines that attract NK cells to the site of infection. The ability of NK cells to
produce IFNg rapidly after infiltrating infected tissues and before the clonal
expansion of T cells is critical for an effective innate immune response
(Fairweather and Rose, 2002). Depleting NK cells by means of anti-asialo
GM1 (a pan-NK marker) increases myocarditis in outbred CD-1 mice with
CVB3 infection (Godeny and Gauntt, 1986), thus suggesting that NK cells
primarily protect against myocarditis by inhibiting viral replication. In order to
examine the role of NK cells in the development of acute MCMV-induced
myocarditis, NK1.1þ cells have been depleted from normal C57BL/6 or
BALB.B6-Cmv1r mice using antibodies against NK1.1 (Table 1.2) (Fair-
weather et al., 2001). BALB.B6-Cmv1r is a congenic mouse strain that carries
the NK cell gene complex found in B10 mice (i.e., NK1.1) on a BALB/c
genetic background (Scalzo et al., 1995). As BALB/c mice do not have NK1.1
cells, they primarily clear MCMV infection by means of the cytolytic activity
of CD8þ T cells (Lathbury et al., 1996). Depleting NK1.1þ cells from C57BL/
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6 or BALB.B6-Cmv1r mice significantly increases myocarditis to levels found
in BALB/c control mice (Table 1.2). The role of NK cells in NK1.1� BALB/c
mice is not yet clear, but these findings indicate that the protection mediated by
NK cells during acute myocarditis is more important in reducing myocarditis
than other traits in the BALB/c genetic background as the only difference
between congenic and regular BALB/c mice is the NK-cell gene complex.

Cells belonging to the adaptive immune system include dendritic cells and
T and B lymphocytes. Dendritic cells (DCs) can recognize antigenic peptides
and present them to T lymphocytes, thus further guiding their differentiation.
In response to different TLR stimulation, these cells may secrete IL-23, IL-12,
or IL-4, thus promoting the differentiation of autoreactive T helper cells. On
the contrary, following other specific molecular pathways such as the pro-
duction of nitric oxide, DCs may counteract the expansion of T effector cells
and favor the expansion of the T regulatory pool (Kania et al., 2013). The
survival and activation of DCs seem to be related to a paracrine loop that
intertwines these cells with cardiac fibroblasts.

The involvement of autoimmune T cells in the pathogenesis of
CVB3-induced myocarditis was first inferred from the observation that
T-cell depleted mice have less severe disease than normal mice (Woodruff and

TABLE 1.2 Role of Immune Cells in Murine Cytomegalovirus-Induced

Myocarditis

Genetic Backgrounda Depletionb Myocarditis p

BALB/c (no NK1.1) Control 24�
Anti-NK1.1 15� <0.05

Anti-CD4 14� <0.05

Anti-CD8 7� <0.01

Anti-CD4/8 5� <0.01

BALB.B6 congenic
(BALB/c þ NK1.1)

Control 5�
Anti-NK1.1 23� <0.01

C57BL/6 (NK1.1) Control 5�
Anti-NK1.1 19� <0.01

aBALB/c (do not have NK1.1þ cells), BALB.B6-rCmv1 (BALB.B6 congenic) (have NK1.1þ cells
on a BALB/c genetic background), and C57BL/6 mice (have NK1.1þ cells on a C57BL/6 genetic
background) were infected with MCMV intraperitoneally.
bMice were also treated with antibodies that deplete NK1.1þ cells, CD4þ T cells, CD8þ T cells, both
CD4þ and CD8þ T cells, or saline control. Successful cell depletions were confirmed by FACS
analysis (data not shown).

Modified from Fairweather, D., Kaya, Z., Shellam G.R., 2001. From infection to autoimmunity. J.

Autoimmun. 16, 175.
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Woodruff, 1974). It has been shown that T cells play a decisive role in disease
pathogenesis in models of both CVB3- and MCMV-induced myocarditis
(Lawson et al., 1989; Schwimmbeck et al., 1997). Athymic nude mice also
develop less severe disease after CBV3 or MCMV infection (Hashimoto and
Komatsu, 1978; Lawson et al., 1989). Furthermore, myocarditis can be trans-
ferred by inoculating autoimmune CD4þ T cells from virally infected mice to
uninfected recipients (Guthrie et al., 1984; Huber, 1997). The infection of mice
depleted of T cell subsets or genetically altered to the same effect leads to less
severe myocarditis (Henke et al., 1995; Schwimmbeck et al., 1997; Fairweather
et al., 2001). Table 1.2 shows the important role T cells (particularly CD8þ

T cells) play in the development of acute MCMV-induced myocarditis in
BALB/c mice (Fairweather et al., 2001). Although depleting CD4þ T cells from
MCMV-infected BALB/c mice reduces myocardial inflammation, the reduction
is far more dramatic if CD8þ T cells are removed, alone or together with CD4þ

T cells. Furthermore, acute myocarditis is more severe in CD4 C57BL/6
knockout (KO) mice (CD4þ T cells are absent due to gene deletion) following
CVB3 infection (Henke et al., 1995). These studies confirm that the develop-
ment of myocarditis, although requiring a virus to initiate the process, also needs
components of adaptive immunity for disease progression.

Autoreactive T cells and autoantibodies are also present in myosin-induced
EAM (Neu and Ploier, 1991; Pummerer et al., 1995). T cells are necessary for
the development of disease in this model, with myosin-stimulated T cells
capable of transferring myocarditis into immunodeficient severe combined
immunodeficient mice (Smith and Allen, 1991, 1993; Pummerer et al., 1995).
Depleting CD4þ or CD8þ T cells in myosin-immunized susceptible mice
diminishes myocarditis, thus suggesting that both cell types are important in
the pathogenesis of EAM, as well as virally induced models (Pummerer et al.,
1991; Smith and Allen, 1991, 1993; Penninger et al., 1993). However, CD4
KO mice have reduced inflammation, but myocarditis is exacerbated in
immunized CD8 KO mice (Penninger et al., 1993; Pummerer et al., 1995),
which indicates that CD8þ T cells sometimes suppress the disease in this
model. CD4þ T cells are involved in the pathogenesis of EAM as they
recognize the antigens presented by MHC class II (Smith and Allen, 1992a;
Donermeyer et al., 1995), which may be important regulatory molecules for
the induction of autoimmunity (Todd et al., 1988; Nepom, 1993). An under-
standing of the cell mechanisms driving the autoimmune response in EAM
may help to distinguish the role of the cellular response to viral infection from
that directed against cardiac myosin.

CD4þ T helper lymphocytes may differentiate into various subsets
depending on the cytokine milieu. Th1 lymphocytes are the main producers of
IFNg and IL-2. IFNg activates macrophages by increasing the expression of
MCP-1 (the data concerning fibroblast activation are uncertain), whereas Th2
cells mainly producing IL-4, IL-5, and IL-13 are responsible for the
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phenotypic transition of fibroblasts into myofibroblasts and the inhibition of
extracellular matrix degradation.

By secreting IL-17, Th17 lymphocytes induce the downstream production
of IL-1, IL-6, TNFa, chemokines, and granulocyte colony-stimulating factors,
which have multiple effects on the inflammatory cascade. Th17 lymphocytes
induce the production of autoantibodies and may simultaneously favor and
inhibit heart fibrosis (Machino-Ohtsuka et al., 2014), whereas recent studies
have highlighted the protective role of Th22 lymphocytes in both infective and
autoimmune myocarditis (Amoah et al., 2015). Similarly, T regulatory cells
have antiinflammatory and antifibrotic effects by secreting IL-10. It has been
reported that a genetically determined imbalance between Th17/Th1 and T
regulatory lymphocytes is related to a higher risk of developing autoimmune
myocarditis in mice models (Chen et al., 2012).

Cardiac remodeling is the final step of the inflammatory process occurring
during myocarditis and may lead to dilated cardiomyopathy. This is due to a
complex interplay between innate and adaptive immune cells, cardiac cells,
and fibroblasts. Cardiac fibroblasts are responsible for the homeostasis of the
extracellular matrix (ECM) and also preside over mechanical and electrical
functioning. They represent 60e70% of all cardiac cells and may arise from a
local embryonic pool, or endothelial, or bone marrow cells recruited under
inflammatory conditions. Cardiac fibroblasts may change from a contractile
a-smooth muscle actin to an active-secreting phenotype. In addition to pro-
ducing collagen and other components of the ECM, they may also synthesize
and respond to many cytokines, hormones, and growth factors. TLRs are found
on cardiac fibroblasts and may induce the deposition of collagen types I and
III, thus leading to cardiac fibrosis. The production of the ECM is controlled
by macrophages through the release of metalloproteases and tissue growth
factor-b (TGFb), which respectively have antifibrotic and profibrotic effects.

In conclusion, the cell network of myocarditis embraces a wide spectrum
of effectors, ranging from professional cells belonging to the immune system
to resident stromal cells. The cytokine milieu les at the basis of cell differ-
entiation and activation and may favor or antagonize the inflammatory
cascade.

3.4 Role of Cytokines

Many of the mediators associated with the innate immune response,
particularly cytokines, can act in a long-range endocrine manner so that
antigen-presenting cells far removed from the site of infection are activated to
present either viral or autoantigens to T and B cells (Parish and O’Neill, 1997;
Carnaud et al., 1999; Kadowski et al., 2000). Moreover, recent evidence
suggests that a bidirectional relationship exists between innate and adaptive
immunity (Rose, 2011).
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IFN-a production following viral infection stimulates an effective NK cell
response. The type 1 IFNs belong to a multigene family that include multiple
IFN-a subtypes and IFN-b (Bellardelli, 1995). IFNs also provide an important
link between the innate and adaptive immune responses (Kadowski et al.,
2000). Previous studies have shown that administration of IFN-a subtypes or
IFN-b to MCMV-infected BALB/c mice not only reduces viral replication, but
also decreases acute and chronic myocarditis (Table 1.3) (Lawson et al., 1997;
Yeow et al., 1998; Fairweather et al., 2001). These results emphasize the role
of innate cytokines in modulating the adaptive immune response and auto-
immune disease.

As pointed out previously, cytokines can determine whether mice develop
autoimmune myocarditis. For example, administration of IL-1 or IL-2 aug-
ments disease in CVB3-infected susceptible mice (Table 1.3) (Huber et al.,
1994), while blocking these receptors inhibits the development of myocarditis
(Neumann et al., 1993). On the other hand, C57BL/6 mice, which are resistant
to the development of chronic myocarditis following CVB3 or MCMV
infection, can be induced to develop chronic myocarditis by administration of
LPS (a generator of several proinflammatory cytokines), IL-1b, or TNF-a with
the virus (Table 1.3) (Lane et al., 1991, 1992; Lenzo et al., 2001). Cytokines
may play a number of different roles. They may provide second signals after
viral infection that stimulates an effective protective immune response or a
deleterious response in individuals susceptible to autoimmune disease (Fair-
weather et al., 2001). Thus, certain cytokines can influence whether chronic
autoimmune disease develops in response to viral infection, bridging the gap
between the innate and adaptive immune response.

LPS and TNF-a are also important in the development of cardiac myosin-
induced myocarditis. Neutralization of TNF-a effectively inhibits the initiation
of EAM, although neutralization is not beneficial in suppressing ongoing
disease (Table 1.4) (Smith and Allen, 1992b). TNF-a is believed to be
necessary for upregulating MHC class II binding of self-reactive peptides on
antigen-presenting cells in EAM, since upregulation of MHC and accessory
molecules fails to occur in TNF-deficient mice (Smith and Allen, 1992a).
Furthermore, myocarditis can be transferred by injection of cardiac myosin-
specific T cells into mice pretreated with LPS or TNF-a (Penninger et al.,
1997). Thus, the primary role of virus or adjuvant, in the EAM model, may be
to provide an optimal cytokine environment (i.e., increased IL-1b and TNF-a)
in the context of self-antigen thereby allowing an autoimmune response to
occur.

According to the current dogma, inflammatory autoimmune diseases are
primarily attributable to Th1 responses, of which IFN-g is the prototypic
cytokine, while Th2 responses, where IL-4 predominates, should reduce
autoimmunity (Cunningham, 2001). Th1-mediated immune responses have
been implicated in the pathogenesis of a number of autoimmune diseases
including inflammatory bowel disease, type I diabetes, multiple sclerosis, and
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TABLE 1.3 Role of Cytokines and Cytokine Signaling in Virus-Induced Myocarditis

Cytokine Method Studieda Effect on Myocarditis References

Promotes Myocarditis

LPS CB3 þ LPS (using BL/6 mice) Develop chronic myocarditis by increasing IL-I
and TNF

Lane et al. (1991), Lenzo et al. (2001)

TLR4 TLR4 KO Reduces myocarditis, IL-1, and IL-18 Fairweather et al. (2003)

TNF-a CB3 þ TNF-a (using BL/6 mice) Develop chronic myocarditis Lane et al. (1992), Lenzo et al. (2001)

IL- 1b CB3 IL-1 levels correlate with increased myocarditis Fairweather et al. (2003)

IL-1 administration Increases myocarditis Huber et al. (1994)

CB3 þ IL- 1b (using BL/6 mice) Develop chronic myocarditis Lane et al. (1992)

IL-12Rb1 IL-12Rb1 KO (signaling for IL-12p70
and IL-23)

Decreases myocarditis, IL-1, and IL-18 Fairweather et al. (2003)

IL- 18 CB3 IL-18 levels correlate with increased myocarditis Fairweather et al. (2003)

Reduces Myocarditis

IFN-a IFN-a administration Decreases viral replication Fairweather et al. (2001)

IL-12p35 IL-12p35 KO (effect of IL-12p70) Decreases viral replication, no effect on acute
myocarditis

Unpublished

IL-12p40 IL-12p40 KO (effect of IL-12p70,
p402, IL-23)

Increases acute myocarditis, IL-1, and IL-18 Unpublished

STAT4 STAT4 KO Decreases viral replication, no effect on
myocarditis

Unpublished
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TABLE 1.3 Role of Cytokines and Cytokine Signaling in Virus-Induced Myocarditisdcont’d

Cytokine Method Studieda Effect on Myocarditis References

IFN-g IFN-g KO Decreases viral replication, increases chronic
myocarditis, fibrosis, and DC

Unpublished

IL-4 IL-4 KO Increases myocarditis Unpublished

STAT6 STAT6 KO Increases myocarditis Unpublished

BL/6, C57BL/6; CB3, Coxsackievirus B3; DC, dilated cardiomyopathy; IFN-a/g, interferon-a/g; IL, interleukin; KO, knockout; LPS, lipopolysaccharide; p402, p40
homodimerR, receptor; STAT, signal transducer and activator of transcription; TLR4, toll-like receptor 4; TNF, tumor necrosis factor.
aBALB/c mice are used unless otherwise stated.
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TABLE 1.4 Role of Cytokines and Cytokine Signaling in Cardiac Myosin-Induced Myocarditis

Cytokine Method Studieda Effect on Myocarditis References

Promotes Myocarditis

TNF-a Blocking Ab Prevents EAM Smith and Allen (1992a,b)

TNFRp55 TNFRp55 KO Reduces EAM Bachmaier et al. (1997)

IL-12p40 IL-12p40 KO (effect of IL-12p70,
p402, IL-23)

Reduces EAM Eriksson et al. (200la,b)

IL-12p70 IL-12p70 administration Exacerbates EAM Afanasyeva et al. (2001b)

IL-l2Rb1 IL-12Rb1 KO (signaling for IL-12p70
and IL-23)

Prevents EAM Afanasyeva et al. (2001b)

STAT4 STAT4 KO Reduces EAM Afanasyeva et al. (2001b)

IL-4 Blocking Ab Reduces EAM Afanasyeva et al. (2001a)

Reduces Myocarditis

IFN-g Blocking Ab Increases EAM and DC Afanasyeva et al. (2001a,b)

IFN-g KO Increases EAM and DC Afanasyeva et al. (2001b),
Eriksson et al. (2001a),
Kurrer et al. (2002)

IFN-g R IFN-g R KO Increases EAM and DC Eriksson et al. (2001b)

IL-10 Blocking Ab Increases EAM Kaya et al. (2002)

Ab, Antibody; EAM, experimental autoimmune myocarditis; IFN-a/g, interferon-a/g, BL/6, C57BL/6; IL, interleukin; KO, knockout; p402, p40 homodimer; R, receptor;
STAT, signal transducer and activator of transcription; TNF, tumor necrosis factor.
aUsing A/J or BALB/c mouse strains.
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rheumatoid arthritis (O’Garra, 1998). IFN-g stimulates Th1-cell development,
activates macrophages, induces MHC class I and II expression, promotes
delayed-type hypersensitivity reactions, induces certain immunoglobulin class
switching, recruits Th1 cells to the site of inflammation, and is important for
clearing intracellular bacteria, parasites, and viral infections (Boehm et al.,
1997). IL-4, on the other hand, stimulates Th2-cell development, activates B
cells, induces MHC class II expression on B cells, promotes allergic reactions,
induces immunoglobulin class switching to immunoglobulin (Ig) G1 and IgE,
recruits eosinophils and Th2 cells to the site of inflammation, and is important
for clearing parasites (Nelms et al., 1999). Thus, determining whether a pre-
dominantly Th1 or Th2 immune response occurs to virus or cardiac myosin
immunization may promote understanding the pathogenesis of autoimmune
heart disease.

It has been demonstrated that CD4(þ) Th17 cells and Th17-produced cy-
tokines play a critical role in inflammation-induced cardiac remodeling and the
progression to dilated cardiomyopathy. It has been hypothesized that blocking
IL-17A may be therapeutic option for inflammatory cardiomyopathy (Balde-
viano et al., 2010; Myers et al., 2016) as it plays a key role in the myocardial
upregulation of IL-6, TNFa, and IL-1b, and the recruitment of CD11b(þ)
monocytes and Gr1(þ) granulocytes in the heart (Baldeviano et al., 2010).
Furthermore, it has been found that IL-17A can induce cardiomyocyte
apoptosis through the p38 mitogen-activated protein kinase (MAPK)-p53-Bax
signaling pathway, and promotes both early- and late-phase post-myocardial
infarction (MI) ventricular remodeling (Zhou et al., 2014).

It has also been shown that a Th17-cell immunophenotype is linked with
the effects of cardiac myosin, which acts as an autoantigen arising from
damaged myocardiocytes on CD14(þ) monocytes and TLR2 and heart failure.

High levels of IL-17eproducing T cells and IL-17epromoting cytokines
cells are associated with persistent heart failure, and it has been shown that the
myocarditis/dilated cardiomyopathy phenotype contains low percentages of
FOXP3(þ) Tregs that contribute to disease severity. TLR2 peptide ligands
from human cardiac myosin can stimulate exaggerated Th17-related cytokines
such as TGFb, IL-6, and IL-23 from myocarditic CD14(þ) monocytes in vitro
(Myers et al., 2016).

It has been reported that the myeloid differentiation factor (MyD)88/IL-1
axis in the bone marrow compartment plays a critical role in post-
inflammatory cardiac fibrosis and heart failure (Blyszczuk et al., 2009).

IL-12 is produced by phagocytic and antigen-presenting cells. Produced
during the early phase of an infection, IL-12 promotes the differentiation of
T cells to a Th1 phenotype with IFN-g production, which in turn supports cell-
mediated immunity, cytotoxic T-cell generation, activation of phagocytic cells,
and eventual eradication of intracellular pathogens (Ma and Trinchieri, 2001).
IL-12 is a heterodimer composed of IL-12p35 and IL-12p40 subunits bound
via disulfide bonds and secreted as a biologically active IL-12p70 molecule.
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IL-12 receptors (R) are primarily expressed on activated NK and T cells, and
signaling requires coexpression of the IL-12Rb1 and IL-12R b2 chains for the
generation of high-affinity IL-12p70 binding and maximal IFN-g production.
In the mouse, IL-12R signaling activates the signal transducer and activator of
transcription (STAT)1, STAT3, and STAT4, with STAT4 being responsible for
most of the biological activities of IL-12 through the production of IFN-g
(O’Garra, 1998; Moser and Murphy, 2000). IL-12p40 is also produced as a
monomer and homodimer (p402) in great excess over IL-12p70. The IL-12p40
homodimer has been found to antagonize IL-12p70 activity by competitively
binding the IL-12R (Mattner et al., 1993).

IL-18 has emerged as an important cytokine along with IL-12 for
increasing IFN-g production from immune cells. The synergistic effect is
mediated through the induction of IL-18R-a by IL-12 and the upregulation of
IL-12Rb2 by IL-18 on na&ıuml; ve T cells (Yoshimoto et al., 1998). In
contrast, NK cells constitutively express IL-18R and IL-12R b2 and are able to
immediately respond to these cytokines (Nakanishi et al., 2001). The IL-18R
has been identified as a member of the IL-1R/TLR superfamily and shares a
common signal transduction pathway with IL-1R (O’Neill and Dinarello,
2000). Importantly, IL-18 can also stimulate IFN-g production through
STAT-independent pathways (O’Neill and Dinarello, 2000; Nakanishi et al.,
2001). IL-18 is produced by a wide range of immune and nonimmune cells as
a biologically inactive precursor that is activated in the same manner as IL-1
by cleavage with caspase-1. Likewise, caspase-1 undergoes proteolytic
cleavage to produce its active form after stimulation through TLR4 (Akira
et al., 2001). Respiratory syncytial virus was discovered to be a ligand for
TLR4, along with LPS, suggesting that activation of TLR may be involved in
protecting the host from viral infections (Kurt-Jones et al., 2000).

It has also been shown that the DAMPs released by necrotic myocardial
cells induce fibroblast activation in vitro and myocardial inflammation and
fibrosis in vivo, at least partially as a result of TLR4-dependent signaling
(Zhang et al., 2015).

How MI induces the initiating mechanisms of the sterile inflammatory
response that contributes to adverse cardiac remodeling is still unknown, but
Lugrin et al. have recently found that necrotic cardiomyocytes release a heat-
labile proinflammatory signal by activating MAPKs and NF-kB in cardiac
fibroblasts, with the secondary production of cytokines. This response was
abolished in Myd88(�/�) fibroblasts but was unaffected in NLRP3-deficient
fibroblasts, thus showing that IL-1a is a crucial early danger signal trig-
gering post-MI inflammation (Lugrin et al., 2015).

Recently, we examined the role of IL-12einduced IFN-g on the devel-
opment of CVB3-induced myocarditis using mice deficient in IL-12p35
(lacking IL-12p70), IL-12p40 (lacking IL-12p70, IL-23, and p402), IL-
12Rb1 (lacking signaling induced by IL-12p70 and IL-23), STAT4, IFN-g, or
TLR4 (Fairweather et al., 2003). We found that decreased levels of IL-1b and
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IL-18 in the heart following CVB3 infection of IL-12Rb1 or TLR4-deficient
mice was directly associated with decreased myocardial inflammation
(Table 1.3). Unexpectedly, deficiency of either of these two receptors also
decreased viral replication in the heart. These results suggest that IL-12Rb1
and TLR4 share common downstream pathways that directly influence IL-1b
and IL-18 production and viral replication. Examination of IL-12p35 (IL-
12p70), IFN-g, or STAT4-deficient mice confirmed that IFN-g protects against
viral replication in the heart but did not affect acute myocardial inflammation,
indicating that the role of the IL-12R in exacerbating acute myocarditis is not
via IFN-g production (Table 1.3) (D. Fairweather, unpublished results).
Furthermore, we found evidence that IL-12p40 (probably the p40 homodimer)
protects against acute CVB3 myocarditis by reducing the level of IL-1b and
IL-18 in the heart. In contrast, IL-12p70 facilitates viral clearance by
increasing IFN-g levels.

IRAK4, a major nodal signal transducer in innate immunity, exacerbates
viral myocarditis by inhibiting interferon production and reducing the mobi-
lization of protective CCR5(þ) monocytes/macrophages to the heart (Valaperti
et al., 2013).

A good candidate to explain the increased production of IL-1b and IL-18,
and the myocardial inflammation observed in wild-type BALB/c mice
following CVB3 infection is IL-23, which has been shown to be released
following viral infection (Oppmann et al., 2000; Pirhonen et al., 2002). IL-23
is a heterodimer composed of IL-12p40 and a p19 subunit. The IL-12p40
subunit binds to IL-12Rb1 and the p19 subunit binds to a recently identified
IL-23R (Parham et al., 2002). Although IL-23 can activate STAT4, STAT3 is
believed to be the primary transcription factor activated following IL-23R
ligation (Parham et al., 2002; Lankford and Frucht, 2003). Interestingly,
transgenic mice that ubiquitously express the p19 subunit of IL-23 develop
severe multiorgan inflammation and elevated levels of TNF-a and IL-1
(Wiekowski et al., 2001). Recently, IL-23, rather than IL-12p70, was
discovered to be primarily responsible for exacerbating EAE (Cua et al., 2003;
Zhang et al., 2003); IL-12p70 has been considered the key cytokine mediating
EAE and many other autoimmune diseases (Caspi, 1998; Watford and O’Shea,
2003). Our findings corroborate and extend the studies by Cua et al. and Zhang
et al. demonstrating that IL-12p70 is not responsible for increasing IL-1b/IL-
18 levels or inflammation in the heart. However, IL-23 does not account for the
increased inflammation and IL-1b/IL-18 levels in IL-12p40edeficient hearts
since this cytokine is absent. In this case, signaling via TLR4, perhaps exac-
erbated by other molecules such as Epstein-Barr viruseinduced gene 3
(EBI3)/IL-12p35, can lead to increased IL-1b/IL-18 levels and myocarditis
(Fairweather et al., 2003).

In the EAM model, IL-12Rb1edeficient mice do not develop myocarditis,
suggesting a role for this receptor in increasing inflammation (Table 1.4)
(Afanasyeva et al., 2001b). In the absence of IL-12Rb1, IL-1b production from
splenocyte cultures was also significantly reduced (Afanasyeva et al., 2001b),
further suggesting an important role for this cytokine in the development of
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autoimmune heart disease. While STAT4 deficiency has no effect on inflam-
mation in CVB3-induced myocarditis (Table 1.3), inflammation is reduced in
STAT4edeficient mice in the EAM model. IL-23 is also a likely candidate for
the increased disease that is mediated via IL-12Rb1 and STAT4 in the EAM
model. In contrast to CVB3-induced myocarditis, IL-12p40edeficient mice do
not develop EAM (Eriksson et al., 2001a,b). It may be that IL-1b levels are
regulated by different mechanisms in the EAM model.

In contrast to the role for IL-12Rb1 and STAT4 in exacerbating EAM, IFN-
g plays a protective role in both EAM- and CVB3-induced myocarditis. Mice
genetically deficient in either IFN-g or IFN-g R or mice treated with IFN-g
neutralizing antibody develop severe EAM with large, dilated hearts and some
mice even developed congestive heart failure (Table 1.4) (Afanasyeva et al.,
2001a,b; Eriksson et al., 2001b; Rose and Afanasyeva, 2003). The role for
IFN-g in mediating Th1-mediated autoimmune responses has been attributed
to its ability to expand autoreactive CD4þ T cells. However, the simplistic
distinction between Th1 and Th2 responses and autoimmune disease requires
reevaluation in light of these findings (Gor et al., 2003; Rose and Afanasyeva,
2003). The mechanisms whereby IFN-g protects against EAM and the chronic
phase of CVB3 myocarditis remain to be understood.

Conflicting data exist regarding the role of IL-4 and a Th2-mediated im-
mune response in autoimmune myocarditis. Blocking IL-4 with neutralizing
antibody reduces the severity of EAM (Table 1.4) and produces a shift from a
Th2- to a Th1-like response indicated by increased IFN-g and decreased IL-4,
IL-5, and IL-13 production from splenocyte cultures (Afanasyeva et al.,
2001a). However, IL-4 and IL-4 receptor KO mice are not protected from the
development of EAM (Table 1.4) (Eriksson et al., 2001a; Kurrer et al., 2002).
These contrasting findings may be due to the differential effect of antibody
administration versus complete lack of the molecule and other factors such as
the dose of cytokine, timing of administration, or difference in the strain of
mice (A/J mice used in antibody blocking experiments versus genetically
deficient BALB/c mice). Eosinophils and multinucleated giant cells are
prominent in EAM (Afanasyeva et al., 2001a). Eosinophils are known to be
associated with Th2 type cytokines such as IL-4, IL-5, IL-10, and IgE anti-
bodies (Cunningham, 2001). Although IL-4 can also lead to the formation of
multinucleated giant cells, these cells have long been associated with the
granulomatous lesions formed in response to intracellular bacterial infections
such as mycobacterium tuberculosis, which is a component of the adjuvant
used in the EAM model (Cunningham, 2001). Thus it appears that components
of both Th1 and Th2 responses contribute to severe autoimmune myocarditis.
In CVB3-induced myocarditis, however, infection of IL-4 and STAT6 KO
mice (STAT6 mediates signaling through the IL-4 receptor) results in
increased acute and chronic myocarditis indicating a protective role for IL-4 in
virally induced autoimmune myocarditis. These findings suggest that a deli-
cate balance of key cytokines determines whether an autoimmune response
occurs following viral infection or cardiac myosin and adjuvant inoculation
(Fairweather et al., 2001; Rose and Afanasyeva, 2003). A better understanding
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of the individual cytokines involved in mediating the immune response,
particularly the early innate response that determines the profile of key cy-
tokines, will be necessary in order to develop therapies for human autoimmune
heart disease.

3.5 Summary of Pathogenic Mechanisms

The development of autoimmune heart disease following viral infection in-
volves the production of key cytokines by immune cells such as macrophages
and NK cells. Activation of TLRs by virus (Fig. 1.2A) or the bacterial
component of complete Freund adjuvant (Fig. 1.2B) leads to the production of

FIGURE 1.2 Activation of toll-like

receptors by virus (A). The bacterial

component of complete Freund’s

adjuvant (B).
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IL-1b and TNF-a. Overproduction of these proinflammatory cytokines in-
creases the inflammatory infiltrate in the heart. Regulatory cytokines such as
IL-10, and possibly the IL-12p40 homodimer, decrease the severity of
inflammation in the heart. However, if environmental or genetic factors allow
overproduction of proinflammatory cytokines, then progression to chronic
autoimmune myocarditis may follow.
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1. INTRODUCTION

Autoimmune disease occurs as a result of the loss of tolerance to self-antigens,
which under physiological conditions is maintained. To be classified as
autoimmune in nature a disease must fulfill at least two of the major criteria
first proposed by Witebsky and later modified by Rose (Witebsky et al., 1957;
Rose and Bona, 1993). There are also minor criteria, some of which are
common to all autoimmune conditions, and others that are found in just a few
of them. These criteria are summarized in Table 2.1.

Autoimmune disease is characterized by the presence of circulating auto-
antibodies, which are not always pathogenic but represent markers of ongoing
tissue damage. In nonorgan-specific autoimmune disease the autoantibodies
are against ubiquitous autoantigens (e.g., nuclear antigens in systemic lupus
erythematosus) and tissue damage is generalized. In organ-specific autoim-
mune disease, immunopathology is restricted to one organ or apparatus within
the body, and the autoimmune process, antibody and/or cell-mediated, is
directed against autoantigens, which are unique to the affected organ (e.g.,
thyroid peroxidase in Hashimoto thyroiditis). The histological hallmark of
organ-specific autoimmunity is an early mononuclear cell infiltrate in the
affected organ, e.g., insulitis in type 1 insulin-dependent diabetes mellitus,
with inappropriate expression of human leukocyte antigen (HLA) class II and
adhesion molecules. At a later stage, inflammatory cells tend to disappear and
the tissue undergoes profound fibrotic changes with ultimate atrophy and or-
gan dysfunction (such as in Hashimoto thyroiditis). However, in other
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instances organ-specific autoimmunity may lead to enhanced target organ
function (e.g., Basedow disease).

Organ-specific autoimmune diseases occur as a result of genetic predis-
position and environmental influences. The genetic predisposition accounts for
the fact that different autoimmune conditions may be associated in patients or
their family members, as well as for the well-known feature that single
autoimmune diseases often run in families. The inheritance of susceptibility is
usually polygenic. Organ-specific autoimmune diseases are commonly asso-
ciated with specific HLA class II antigens, but the precise mechanisms by
which HLA may operate in determining disease predisposition are still

TABLE 2.1 Criteria of Autoimmune Disease

Major

Mononuclear cell infiltration and abnormal HLA expression in the target organ (organ-
specific disease) or in various organs (nonorgan-specific disease)

Circulating autoantibodies and/or autoreactive lymphocytes in patients and unaffected
family members

Detection of autoantibody and/or autoreactive lymphocytes in situ within the affected
tissue

Identification and isolation of autoantigen(s) involved

Disease induced in animal models following immunization with relevant autoantigen
and/or passive transfer of serum, purified autoantibody, and/or lymphocytes

Efficacy of immunosuppressive therapy

Minor

Common to all autoimmune disorders

Middle-aged women most frequently affected

Familial aggregation

HLA association

Hypergammaglobulinemia

Clinical course characterized by exacerbations and remissions

Autoimmune diseases associated in the same patient or family members

Peculiar of organ-specific autoimmune disorders

Presence of autoantigens at low concentration

Autoantibodies directly against organ-specific autoantigens

Immunopathology mediated by type II, IV, V, and VI reactions
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undefined. The majority of organ-specific autoimmune diseases are chronic
and apparently “idiopathic.” Organ- and disease-specific antibodies are found
in the affected patients. These antibodies are also detected in family members
even years before the development of disease, and thus identify asymptomatic
relatives at risk (Bottazzo et al., 1986). Involvement of organ-specific auto-
immunity has been suspected in the following cardiovascular diseases: the
post-pericardiotomy and post-myocardial infarction (Dressler) syndromes and
in idiopathic recurrent acute pericarditis (IRAP), rheumatic carditis, idiopathic
forms of inflammatory cardiomyopathy and of brady- or tachyarrhythmias,
and systemic arterial hypertension.

2. POST-MYOCARDIAL INFARCTION (DRESSLER)
SYNDROME

Post-myocardial infarction (Dressler) pericarditis may occur in 1e4% of pa-
tients at 2e4 weeks following an acute myocardial infarction (Dressler, 1956,
1959; Van der Geld, 1964). Clinical features include (1) fever; (2) chest pain,
which is often localized to retrosternal and left precordial regions with radi-
ation to the trapezius ridge and neck, or the left arm, sharp or dull in quality,
increased by deep inspiration, coughing and recumbence, relieved by sitting up
and leaning forward, lasting few days to several weeks; (3) dyspnea of variable
extent (mild or severe in the presence of tamponade) and nonproductive
cough; (4) pericardial friction rub, of variable intensity in relation to patient
posture and pressure of the stethoscope, best heard during inspiration and full
expiration with the patient sitting up and leaning forward; and (5) leukocy-
tosis, increased erythrocyte sedimentation rate, and reactive C protein. Peri-
cardial effusion may be present, and is associated with pleural effusion in 70%
of the cases of Dressler syndrome. Less than one-third of patients with
Dressler syndrome develop pneumonitis, usually at the lung basis. The disease
is often self-limiting, but can relapse in the following 28 months.

2.1 Anti-Heart Autoantibodies

Back in 1960, it was demonstrated that in the first 2 weeks following exper-
imentally induced myocardial infarction, rabbits developed circulating anti-
heart autoantibodies (Kleinsorge et al., 1960). Subsequently, anti-heart auto-
antibodies were found using complement fixation test (CFT) or standard in-
direct immunofluorescence (s-I IFL) in 43e56% of post-myocardial infarction
patients with Dressler syndrome and in 10% of those with uncomplicated
disease course (Van der Geld, 1964). Antibody titers were reported to reach
their highest peak at 4 weeks post-myocardial infarction, with subsequent slow
reduction (Itoh et al., 1969). These antibodies were also detected in patients
with coronary artery disease without recent myocardial infarction episodes,
with variable frequencies, depending upon patient selection criteria and the
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technique used (Kaplan et al., 1961; Hess et al., 1964; Heine et al., 1966;
Bauer et al., 1972; Nicholson et al., 1977; Caforio et al., 1990a). Anti-heart
autoantibody frequencies in cardiovascular disease, including ischemic heart
disease, are summarized in Tables 2.2 and 2.3.

Two studies emphasized that comparative evaluation of the anti-heart
antibody results in various cardiac diseases, particularly in relation to the
autoantibody patterns observed by s-I IFL is difficult (Nicholson et al., 1977;
Caforio et al., 1990a). In fact, different substrates (e.g., human adult, human
neonatal, or rat myocardium) were used and there is no standardized
nomenclature for the anti-heart antibody patterns. In addition, some but not all
workers tested sera on both skeletal muscle and myocardium; therefore,
several studies did not differentiate between organ-specific cardiac and
muscle-specific (e.g., cardiac and skeletal muscle reactive) antibody. Taking
into account these limitations, the anti-heart antibody patterns seen in ischemic
heart disease, with or without Dressler syndrome, were described as

1. more pronounced peripheral sarcoplasmic stain on human or rat heart, with
progressive increase of the IFL from the center to the periphery of myo-
fibers, but without clear-cut linear sarcolemmal stain (pattern defined as
“sarcolemmal,” “subsarcolemmal-sarcoplasmic,” “sarcolemmal-sub-
sarcolemmal,” or “peripheral”);

2. diffuse sarcoplasmic stain, without a tendency to peripheral enhancement
(pattern defined as “diffuse-sarcoplasmic” or “diffuse”);

3. longitudinal intermyofibrillar sarcoplasmic stain, perpendicular to myofi-
brillar striations (pattern defined as “intermyofibrillar”);

4. patterns defined as combinations of those detailed earlier, or with super-
imposed striated IFL (pattern defined as “striated” or “antifibrillary”);

5. stain of the intercalated disks, isolated or in association with sarcolemmal
and/or sarcoplasmic IFL (pattern defined as “antiintercalated disks”).

3. POST-PERICARDIOTOMY SYNDROME AND IDIOPATHIC
RECURRENT ACUTE PERICARDITIS

Post-pericardiotomy syndrome and pericarditis may occur at 2e4 weeks
following heart surgery operations that require opening of the pericardium. In
the 1950e70s, it could be observed in up to 40% of the patients, but nowadays
it is rare. It is characterized by fever, pericardial or pleuropericardial effusion,
chest pain, and pericardial rub; it may relapse (Van der Geld, 1964; Engle
et al., 1974). An identical clinical syndrome has been described after cardiac
perforation following pacemaker implantation, blunt chest trauma, percuta-
neous diagnostic left ventricular puncture, and coronary perforation due to
balloon angioplasty (Peters et al., 1980; Escaned et al., 1992).

Pericarditis may account for about 5% of presentations to emergency
departments for nonischemic chest pain. Recurrences occur in up to 15e32%
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TABLE 2.2 Anti-heart Autoantibody Specificities in Miscellaneous Cardiac and Noncardiac Conditions

Autoantibody (Ab) Disease: Ab Positive (%) Technique Autoantigen(s)

Anti-heart antibodies (AHA), skeletal
muscle cross-reactive or not tested

Dressler syndrome: 43e56% s-I IFL, CFT Sarcolemma, sarcoplasm,
myofibrils

PPS: 73e100% s-I IFL Sarcolemma, sarcoplasm,
myofibrils

Rheumatic fever: inactive 12e21%;
active 25e87%; carditis 47%

s-I IFL Sarcolemma, sarcoplasm,
myofibrils

Organ-specific AHA APE: 17% s-I IFL þ absor, s-I IFL, ELISA Sarcoplasm, a and b MHC

DCM relatives: 30%

Anticardiac conducting tissue Idiopathic CD: 9e34% s-I IFL on ox heart false tendon Purkinje fibers

Nonidiopathic CD: 4e30%

RBBB þ RA: 76%; RA: 20%

Collagenopathy þ CD: 14e21%; N:
4e11%

Anti-b1 adrenoceptor, stimulating CD: 28.5%; VA: 47.6% ELISA b1 adrenoceptor

AA: 13.6%; N: 19%
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TABLE 2.2 Anti-heart Autoantibody Specificities in Miscellaneous Cardiac and Noncardiac Conditionsdcont’d

Autoantibody (Ab) Disease: Ab Positive (%) Technique Autoantigen(s)

Anti-b2 adrenoceptor, stimulating CD: 14.3%; VA: 23.8% ELISA b2 adrenoceptor

AA: 4.5%; N: 14.7%

Anti-a1 adrenoceptor, stimulating I mHTN: 20%; II mHTN: 64%; N:
12%

ELISA a1 adrenoceptor

I HTN: 44%, N:12% Bioassay

AT1 receptor, stimulating I mHTN: 14%; II mHTN: 33%; N:
14%

ELISA AT1 receptor

II HTN: 18% Bioassay

AA, primary atrial arrhythmias; absor, absorption; APE, autoimmune polyendocrinopathy; CD, conduction disturbances; CFT, complement fixation test; N, normal
subjects; I HTN, primary HTN; I mHTN, primary malignant hypertension; II mHTN, secondary malignant hypertension; PPS, post-cardiotomy syndrome; VA, ventricular
arrhythmias, other abbreviations as in text.
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TABLE 2.3 Frequency of Heart Autoantibodies in Acute Myocarditis and DCM

Antibody Type Method

% Antibody Positive

ReferencesAM DCM OCD Normals

Muscle-specific

ASA s-I IFL 47a 10 NT 25 Maisch et al. (1983a,b)

AMLA AMC 41a 9 NT 12 Maisch et al. (1983a,b)

AFA s-I IFL 28a 24a NT 6 Maisch et al. (1983a,b)

IFA s-I IFL 32a 41a NT 3 Maisch et al. (1983a,b)

Heart-reactive s-I IFL 59a 20a NT 0 Neumann et al. (1990)

s-I IFL NT 12e28 21e33 4 Fletcher and Wenger (1968), Camp et al. (1969) and

Kirsner et al. (1973)

Anti-s.Na/K-ATPase ELISA þWestern

blot

NT 26a NT 2 Baba et al. (2002)

Organ-specific cardiac s-I IFL þ abs 34a,b 26a,b 1 3 Caforio et al. (1990a, 1997a,b)

Antimitochondrial

M7 ELISA 13a 31a 10 0 Klein et al. (1984)

ANT SPRIA 91a,b 57a,b 0 0 Schultheiss and Bolte (1985) and Schultheiss et al. (1990)

BCKD-E2 ELISA 100a,b 60a,b 4 0 Ansari et al. (1994)

Anti-laminin ELISA 73 78 25e35 6 Wolff et al. (1989)
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TABLE 2.3 Frequency of Heart Autoantibodies in Acute Myocarditis and DCMdcont’d

Antibody Type Method

% Antibody Positive

ReferencesAM DCM OCD Normals

Anti-b1 receptor

Inhibiting LBI NT 30e75a,b 37 18 Limas et al. (1989) and Limas and Limas (1991)

ELISA NT 31a,b 0 12 Magnusson et al. (1990, 1994)

Stimulating Bioassay 96a,b 95a,b 8 0 Wallukat et al. (1991)

ELISA NT 38b 6 19 Chiale et al. (1995)

ELISA NT 26a,b 10 1 Jahns et al. (1999)

Anti-M2 receptor ELISA NT 39a NT 7.5 Fu et al. (1993)

Anti-a and b MHC Western blot NT 46a,b 8 0 Caforio et al. (1992)

Anti-MLC 1v Western blot NT 35 25 15 Caforio et al. (1992)

Non myofibrillar Western blot NT 46a,b 17 0 Caforio et al. (1992)

Anti-MHC Western blot NT 67b 42 NT Latif et al. (1993)

Anti-MLC 1 Western blot NT 17b 0 NT Latif et al. (1993)

Anti-tropomyosin Western blot NT 55b 21 NT Latif et al. (1993)

Anti-actin Western blot NT 71b 21 NT Latif et al. (1993)

Anti-HSP-60 Western blot NT 85b 42 NT Latif et al. (1993)

Anti-HSP-60, 70 Western blot NT 10e14b 1e2 3 Portig et al. (1997)

Anti-b MHC ELISA 37a,b 44a,b 16 2.5 Lauer et al. (1994)

Anti-a MHC ELISA 17a,b 20a,b 4 2 Goldman et al. (1995) and Caforio (1997a,b)

þabs, þabsorption; AFA, antifibrillary antibody; AM, acute myocarditis; AMC, antibody-mediated cytotoxicity; AMLA, antimyolemmal antibody; ASA, antisarcolemmal
antibody; IFA, antiinterfibrillary; LBI, ligand binding inhibition; NT, not tested; OCD, other cardiac disease; other abbreviations as in Table 2.2 and text.
aP < .05 versus normals.
bP < .05 versus OCD.
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of patients. Recurrent acute pericarditis is generally idiopathic or post-
cardiac injury, and is often a frustrating problem, for both patients and
doctors. IRAP is a disease of suspected, yet unproved, immune-mediated
pathogenesis.

3.1 Anti-Heart Autoantibodies

Anti-heart autoantibodies, giving staining patterns similar to those described in
Dressler syndrome and cross-reacting with skeletal muscle, were found in
73e100% of patients with post-pericardiotomy syndrome (Table 2.2). There
was significant correlation between autoantibody titer and severity of symp-
toms; in addition, the antibodies were undetectable in quiescent intervals be-
tween attacks and were again detected during symptomatic recurrent episodes,
suggesting a potential pathogenic role (Van der Geld, 1964; Zabriskie et al.,
1970; Engle et al., 1974). In a later study, the antibodies were detected in 95%
of patients with full clinical criteria, in 72% of those with only some typical
clinical features, and in 29% of control subjects who had undergone cardiac
surgery without developing symptoms of post-pericardiotomy syndrome
(Maisch et al., 1979).

In a recent study (Caforio et al., 2010) anti-heart autoantibodies (organ-
specific, cross-reactive 1 and 2 types) and antiintercalated disk autoantibodies
were detected in serum samples from patients, at last follow-up, and control
subjects by sI-IFL on human myocardium and skeletal muscle. Noncardiac-
specific autoantibodies were detected by sI-IFL, and anti-Ro/SSA and anti-
La/SSB by enzyme-linked immunosorbent assay (ELISA). The frequencies
of cross-reactive 1 anti-heart autoantibodies and of intercalated disk autoan-
tibodies were higher (50%; 25%) in IRAP than in noninflammatory cardiac
disease (4%; 4%), ischemic (1%; 2%), or normal subjects (3%; 0%)
(P ¼ .0001). Anti-heart autoantibodies and/or antiintercalated disk autoanti-
bodies were found in 67.5% patients with IRAP. Of the noncardiac-specific
antibodies, only antinuclear autoantibodies at titer �1/160 were more com-
mon in IRAP (5%) versus normal (0.5%, P < .04). Antiintercalated disk au-
toantibodies in IRAP were associated with a higher number of recurrences
(P ¼ .01) and hospitalizations (P ¼ .0001) and high titer (1/80 or higher) anti-
heart autoantibodies with a higher number of recurrences (P ¼ .02). These
findings support the involvement of autoimmunity in the majority of patients
with IRAP.

4. RHEUMATIC CARDITIS

Rheumatic fever is an inflammatory multisystem disease, occurring few weeks
to 6 months following group A streptococcal (GAS) infection of the tonsil-
lopharynx. Its diagnosis is based upon Jones criteria (Jones, 1944), which were
recently updated (Dajani et al., 1992).
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Major criteria include

1. carditis;
2. polyarthritis;
3. chorea;
4. erythema marginatum; and
5. subcutaneous nodules.

Minor criteria are represented by

1. fever;
2. arthralgia;
3. elevated erythrocyte sedimentation rate or C-reactive protein; and
4. prolonged P-R interval on standard 12-lead surface ECG.

If supported by evidence of GAS, e.g., positive throat culture or rapid
streptococcal antigen test, elevated or rising streptococcal antibody titer, the
presence of two major criteria (or one major and two minor) indicates a high
probability of acute rheumatic fever.

The diagnosis of cardiac involvement during acute rheumatic fever is based
upon unequivocal fulfillment of any of the following criteria:

1. new onset of nonfunctional cardiac murmurs;
2. cardiac enlargement;
3. signs and symptoms of heart failure; and
4. pericardial friction rubs or accumulation of pericardial fluid.

4.1 Immune Pathogenesis of Rheumatic Carditis

Rheumatic carditis is thought to represent an autoimmune disorder triggered
by streptococcal infection via molecular mimicry. Indeed streptococci and
heart tissue have several antigenic components for which molecular mimicry
has been documented (Robinson and Kehoe, 1992). During rheumatic fever,
patients produce both antistreptococcal antibodies and anti-heart autoanti-
bodies, since rheumatogenic streptococci and heart tissue have shared
antigens.

4.1.1 Antistreptococcus Antibodies

The external parietal layer of GAS contains distinct M protein types in
different strains. More than 80 M protein types are known. M proteins of
rheumatogenic streptococci share a long terminal antigen domain (Bessen
et al., 1989) and contain epitopes that are shared with human heart tissue,
particularly sarcolemmal membrane proteins, cardiac myosin and tropomy-
osin, as well as with skeletal muscle and smooth muscle and renal glomerular
basement membrane (Krisher and Cunningham, 1985; Dale and Beachey,
1986). In addition, shared epitopes have been reported between N-acetyl-
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glucosamine of the mid-parietal streptococcus cell layer and glycoproteins of
mammalian cardiac valve tissue, and another cross-reaction has been found
between streptococcal hyaluronate and protein polysaccharide of mammalian
cartilage (Robinson and Kehoe, 1992). In addition, antistreptococcal anti-
bodies, cross-reactive with heart antigens and thalamus and subthalamus
components, have been found in some patients with carditis and chorea
(reviewed by Kaplan and Frengley, 1969). The heart cross-reactive anti-
streptococcal antibodies, identified by a combination of immunofluorescent
and precipitin-absorption techniques, were present in 55% and 58% of patients
with active and inactive rheumatic heart disease, respectively, or with acute
glomerulonephritis in 24% of patients with recent streptococcal infection and
only rarely (2%) in disease controls without rheumatic heart disease or pre-
vious streptococcal infection, but the pathogenetic significance of these anti-
bodies remained to be evaluated (Kaplan and Svec, 1964).

4.1.2 Anti-heart Autoantibodies

Several methods were used, in the earliest studies, for detection of circulating
anti-heart autoantibodies in rheumatic fever. These (reviewed by Kaplan and
Frengley, 1969) were later abandoned and included agglutination tests with
collodion particles coated with saline extracts of the heart and other organs;
CFT with saline extracts of the heart, liver, and spleen; tanned red cell
hemagglutination test; and antiglobulin consumption with heart homogenate.
Subsequently, s-I IFL on cryostat-cut sections became the method of choice;
however, tissue substrates were various and included human or rat myocar-
dium (Van der Geld, 1964), normal human myocardium obtained at autopsy
or surgery in subjects with congenital heart defects (Zabriskie et al., 1970;
Engle et al., 1974), normal human myocardium of blood group O, obtained at
surgery in subjects with congenital heart defects (Maisch et al., 1979).
Cryostat-cut sections were fixed in acetone (Zabriskie et al., 1970) or unfixed
(Engle et al., 1974; Van der Geld, 1964) and then incubated with serum
diluted at 1:5 (Zabriskie et al., 1970; Engle et al., 1974) or undiluted (Van der
Geld, 1964); sections were washed in PBS and then the autoantibody binding
was revealed with fluoresceinated serum antihuman immunoglobulin G
(IgG). In a more recent study, patient serum, at 1:10 dilution, was incubated
on unfixed cryostat-cut sections and after washing the section was stained
with fluoresceinated serum antihuman IgG, IgA, or IgM (Maisch et al.,
1979). Clearly, the lack of a standard s-I IFL protocol makes it difficult to
compare results from different studies, particularly in terms of anti-heart
antibody frequency.

Taking into account such limitations, circulating anti-heart autoantibodies
have been found, using s-I IFL, in sera from 25% to 87% of patients with
active rheumatic fever, 12e21% of those with inactive rheumatic disease,
and 0e4% of normal subjects (Kaplan et al., 1961; Kaplan and Dallenbach,
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1961; Hess et al., 1964; Zitnan and Bosmanski, 1966) (Table 2.2). In another
study, these have been detected in 81% of patients with streptococcal
infection, 80% of those with post-streptococcal nephritis, 87% with acute
rheumatic fever, 47% with rheumatic carditis, 100% with post-cardiotomy
syndrome, and in none of the control subjects (Zabriskie et al., 1970)
(Table 2.2). The autoantibody patterns observed in rheumatic disease were
similar to those described in Dressler and post-pericardiotomy syndromes,
but the “sarcolemmal-sarcoplasmic” or “peripheral” pattern was found more
frequently than the “diffuse” stain (Nicholson et al., 1977). In rheumatic
carditis, anticonductive tissue antibodies were also reported (see Section 6.1)
(Ledford and Espinoza, 1987). The anti-heart autoantibodies from rheumatic
sera could be absorbed out by streptococcal membranes as well as myocar-
dial extracts; conversely, those found in post-pericardiotomy sera reacted
exclusively with myocardial extracts, suggesting that the antigenic de-
terminants were different in the two cardiac conditions (Zabriskie et al.,
1970). In terms of relations of anti-heart autoantibodies to clinical activity of
rheumatic disease, as pointed out by the first investigators in this field
(Kaplan and Frengley, 1969), overall the frequency of anti-heart antibodies
was higher in clinically active than in clinically inactive disease, in patients
with carditis than without and in those with a higher number of previous
attacks of rheumatic fever (Hess et al., 1964; Zitnan and Bosmanski, 1966).
The titer of autoantibodies in some patients correlated with clinical severity
or grade of rheumatic activity and was occasionally reported to be a useful
tool in differential diagnosis from other infections or inflammatory condi-
tions (Felsh, 1966). As far as the time course of antibody production is
concerned, using s-I IFL or antiglobulin consumption tests, it was shown that
anti-heart antibody was detected in some patients before and, in other pa-
tients, after the onset of clinical symptoms of rheumatic fever (Hess et al.,
1964; Zabriskie, 1967). In the majority of cases, antibody was first detected
within the first week of symptom onset, thereafter it rose to maximal titer.
Subsequently, antibody titer declined, in some cases rapidly, possibly in
relation to steroid treatment; in other cases, a more variable or slower pattern
of decay was documented with persistence of low titer antibody up to
2e3 years after an attack of rheumatic fever (Zabriskie, 1967). On the other
hand, autoantibodies not detected using s-I IFL or antiglobulin consumption,
and directed against aqueous and alcoholic heart tissue extracts, seemed
unrelated to clinical findings, suggesting that some but not all antibody
specificities produced in rheumatic heart disease may be relevant to patho-
genesis (Kaplan and Frengley, 1969). Bound IgG and complement were also
identified within the myocardial as well as pericardial and valvular tissues in
post-mortem rheumatic hearts and surgical specimens of auricular append-
ages from patients with rheumatic heart disease (Kaplan and Dallenbach,
1961; Kaplan et al., 1964).
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5. DILATED CARDIOMYOPATHY AND MYOCARDITIS

Dilated cardiomyopathy (DCM) is a relevant cause of heart failure and a
common indication for heart transplantation. According to the current WHO
classification of cardiomyopathies, DCM is characterized by dilatation and
impaired contraction of the left or both ventricles; it may be idiopathic, fa-
milial/genetic, viral, and/or immune (Richardson et al., 1996). Clinical onset is
generally with symptoms/signs of congestive heart failure, brady-/tachyar-
rhythmia, or thromboembolism. In most cases, the duration of the asymp-
tomatic phase is uncertain. Occasionally, DCM may be diagnosed following
the detection of an apical systolic murmur of mitral insufficiency, pathologic
ECG, or enlarged cardiac chambers with systolic dysfunction on echocardi-
ography. DCM is familial in 20e30% of cases, has severe prognosis with
40e50% mortality, because of heart failure or sudden death in 2 years
following diagnosis. The diagnosis of DCM requires exclusion of known,
specific causes of heart failure, including coronary artery disease. Thus in
DCM, coronary angiography is normal; on endomyocardial biopsy there is
myocyte loss, compensatory hypertrophy, fibrous tissue, and immunohisto-
chemical findings consistent with chronic inflammation (myocarditis) in
30e40% of cases.

Myocarditis is an inflammatory disease of the myocardium and is diag-
nosed by endomyocardial biopsy using established histological, immunolog-
ical, and immunohistochemical criteria; it may be idiopathic, infectious, or
autoimmune and may heal or lead to DCM (Aretz et al., 1985; Richardson
et al., 1996; Caforio et al., 2013, 2015a). The clinical features of myocarditis
are quite diverse. Cardiac manifestations may or may not be preceded
(1e2 weeks) by a systemic flu-like illness. Myocarditis may be subclinical,
causing minor symptoms (palpitation, atypical chest pain), electrocardio-
graphic abnormalities [atrioventricular (AV) conduction disturbance (CD),
bundle branch block, ST and T-wave changes] or arrhythmias [paroxysmal
atrial fibrillation or ventricular arrhythmias (VAs)] in the absence of demon-
strable change in global or regional left or right ventricular function. Peri-
carditis with or without chest pain, a pericardial effusion, or rub may coexist
with myocarditis. Other presentations of myocarditis include syncope, sudden
death, acute right or left ventricular failure, cardiogenic shock, or DCM. A
syndrome mimicking acute myocardial infarction, but with normal coronary
arteries, may also occur.

Prognosis of myocarditis is thought to be good, with complete recovery at
least in the majority of patients. However, in neonates and young children, the
elderly, and the debilitated, the disease is often severe, causing fulminant and
fatal heart failure. Relapses may occur, and a proportion of patients will
develop residual mild left ventricular dysfunction or DCM. Thus, in a patient
subset, myocarditis and DCM are thought to represent the acute and chronic
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stages of an inflammatory disease of the myocardium, which can be viral, post-
infectious immune, or primarily organ-specific autoimmune (Richardson et al.,
1996; Caforio et al., 1994, 2013, 2015a).

5.1 Immune Pathogenesis of Myocarditis and Dilated
Cardiomyopathy

Autoimmune features in human myocarditis/DCM include familial aggrega-
tion (Baig et al., 1998), HLA association (Meder et al., 2014), lymph mono-
nuclear cell infiltrate, abnormal expression of HLA class II and adhesion
molecules on cardiac endothelium, on endomyocardial biopsy, in the affected
patients and family members (Caforio et al., 1990b; Mahon et al., 2002),
increased levels of circulating cytokines and cardiac autoantibodies in patients
and family members (reviewed by Caforio et al., 2002), experimental models
of both antibody-mediated and cell-mediated autoimmune myocarditis/DCM
following immunization with relevant autoantigen(s), the best characterized of
which is cardiac myosin (Rose, 2000; Kuan et al., 2000). Here we mainly
focus on the circulating cardiac autoantibodies.

5.2 Anti-Heart Autoantibodies by s-I IFL

Several groups have found antibodies to various cardiac antigens in myocar-
ditis and DCM, but the organ and disease specificity of these antibody types
have not been always evaluated (reviewed by Caforio et al., 2002). Using s-I
IFL, earlier studies identified antibodies to sarcolemmal and myofibrillar an-
tigens, but these were either cross-reactive or untested on skeletal muscle. In
addition, it remained unclear whether these antibodies were disease-specific
for myocarditis/DCM because controls with other cardiac disease were not
always included.

These autoantibodies were found in 12e75% of DCM/myocarditis patients
and 4e34% of normal control subjects (Fletcher andWenger, 1968; Camp et al.,
1969; Kirsner et al., 1973; Maisch et al., 1983a,b) (Table 2.3). The observed
antibody patterns were identical to those described in rheumatic heart disease,
Dressler and post-pericardiotomy syndromes, the “diffuse” being more frequent
than the “sarcolemmal-sarcoplasmic” staining pattern. A more recent study on
rat heart tissue sections showed high titer (�1:20) antibodies of IgG class in 59%
of patients with myocarditis, 20% of those with DCM, and in no normal control
subjects; interestingly these authors suggested that the three main antibody
patterns (“diffuse,” “peripheral” or “sarcolemmal,” and “fibrillary” or “striated”)
could coexist (Neumann et al., 1990).

Using indirect s-I IFL on 4-mm thick unfixed fresh frozen cryostat sec-
tions of blood group O normal human atrium, ventricle and skeletal muscle,
and absorption with human heart and skeletal muscle and rat liver, organ-
specific antibodies of IgG class were found in about one-third of
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myocarditis/DCM patients and their symptom-free family members, 1% of
patients with other cardiac disease, 3% of normal subjects, and 17% of
patients without cardiac disease, but with autoimmune polyendocrinopathy
(Caforio et al., 1990a, 1991, 1994, 1997a) (Tables 2.2 and 2.3). Cardiac
antibodies of the cross-reactive 1 type, which exhibited partial organ spec-
ificity for heart antigens by absorption, were also more frequently detected
in DCM/myocarditis patients or in patients with autoimmune poly-
endocrinopathy than in controls. Conversely, cardiac antibodies of the cross-
reactive 2 type, which were entirely skeletal muscle cross-reactive by ab-
sorption, were found in similar proportions among groups. No patients with
Dressler or post-pericardiotomy syndromes or active rheumatic heart disease
were included in these studies.

Sera were tested at 1/10 dilution; cardiac antibody titers in all sera clas-
sified as positive were determined by doubling dilutions of sera in phosphate-
buffered saline solution. Immunoglobulin classes of the antibodies in the
positive sera were also assessed using fluorescein isothiocyanateelabeled
sheep anti-human IgG, IgM, and IgA class-specific antisera (Caforio et al.,
1990a, 1991, 1997a). The s-I IFL patterns (figures in Caforio et al., 1990a;
Betterle et al., 1997) were as follows:

1. Organ-specific: Sera were observed which gave diffuse cytoplasmic
staining of both atrial and ventricular myocytes. The staining was stronger
in atrial than in ventricular myocytes. These sera were negative on skeletal
muscle. The titer range of these antibodies was 1/10 to 1/80 on atrial tissue
and 1/10 to 1/20 on ventricular tissue. All positive sera contained anti-
bodies of IgG class and 10% of IgM class. Organ-specific cardiac anti-
bodies’ titers fell after absorption with heart homogenate, but were not
affected by incubation with skeletal muscle or rat liver.

2. Cross-reactive 1 or “partially organ-specific”: Antibodies that gave a fine
striational staining pattern on atrium and to a lesser extent on ventricle, but
were negative or only weakly stained skeletal muscle sections were clas-
sified as “cross-reactive 1” or “partially organ-specific.” Their titers ranged
from 1/20 to 1/80 on the atrial substrate and from 1/10 to 1/40 on ven-
tricular tissue. All positive sera contained antibodies of IgG class and a few
also contained IgM antibodies. Antibody titers in the sera classified as
“cross-reactive 1” or “partially organ-specific” were reduced to the same
extent after absorption with heart and skeletal muscle and were not affected
by absorption with rat liver.

3. Cross-reactive 2: Antibodies that gave a broad striational pattern on lon-
gitudinal sections of heart and skeletal muscle were classified as “cross-
reactive 2.” This pattern had been previously found in 30e40% of sera
from myasthenia gravis patients without thymoma and in all myasthenic
patients with thymoma (Zweiman and Arnason, 1987). These striational
antibodies have been shown to react with the A band of the myofibrils of
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striated muscle and cross-react with thymus myoepithelial cells. Cardiac
antibodies in the sera classified as “cross-reactive 2” were absorbed by
human skeletal muscle and to a lesser extent by heart tissue and not by rat
liver.

5.3 Anti-Heart Autoantibodies by s-I IFL: Technical
Considerations and Proposed Nomenclature

1. It is preferable to employ O blood group human heart and skeletal muscle
to avoid false positive reactions due to heterophile or anti-ABO antibodies.
Testing sera on skeletal muscle is necessary to differentiate heart-specific
(organ-specific) from cross-reactive patterns (positive on heart and skel-
etal muscle), and on rat liver and kidney to detect nonorgan-specific
mitochondrial or smooth muscle antibodies, which give false positive
“muscle reactive” IFL (Nicholson et al., 1977; Caforio et al., 1990a;
Betterle et al., 1997). The pattern defined as “intermyofibrillary” is rather
rare and might represent antimitochondrial antibodies (Nicholson et al.,
1977). A pseudosarcolemmal or “endomysial” interstitial pattern can be
observed on some tissue substrates (heart and muscle). It lacks species and
tissue specificity, gives a “brush border” staining on proximal tubules of rat
kidney and represents a false-positive reaction (Nicholson et al., 1977;
Betterle et al., 1997).

2. More recent studies suggest that there is no pure “sarcolemmal” or “pe-
ripheral” pattern; these authors observed that sera giving “striated” patterns
seem to react more intensely with the periphery of the myofiber, if the
section does not include longitudinally cut fibers (Nicholson et al., 1977;
Neumann et al., 1990; Caforio et al., 1990a; Betterle et al., 1997). It is
important that the section includes longitudinally cut fibers, in order to
identify “striated” patterns, not visible on transverse sections.

3. It is important to use standard positive and negative control sera titrated up
to end-dilution in every assay, to minimize inter-assay variability (Caforio
et al., 1990a; Betterle et al., 1997).

4. New potentially organ-specific patterns (positive on heart, negative or weak
positive on muscle) should be confirmed as heart-specific by absorption
(Caforio et al., 1990a; Betterle et al., 1997).

5. If absorption is not performed, patterns of anti-heart autoantibodies by s-I
IFL should be classified according to those already described and char-
acterized (Nicholson et al., 1977; Caforio et al., 1990a; Betterle et al.,
1997), as follows:
a. “diffuse” (also defined “diffuse-sarcoplasmic” or “organ-specific”);
b. “striated, nonmyasthenic” (also defined “cross-reactive type 1” or

“partially organ-specific” or “antifibrillary”);
c. “striated, myasthenic” (also defined “cross-reactive type 2”);
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d. “diffuse/striated, nonmyasthenic,” if a “striated, nonmyasthenic” pattern
is superimposed on a diffuse sarcoplasmic stain resulting in a combi-
nation of patterns (a) and (b);

e. “antiintercalated disks,” isolated or in combination with diffuse or
striated stain.

5.4 Autoantibodies to Myosin Heavy Chain and Other
Autoantigens by Immunoblotting Techniques

Two of the autoantigens recognized by the cardiac autoantibodies detected by
IFL were identified as a and b myosin heavy chain (MHC) isoforms, as well as
ventricular light chain type 1 (MLC-1v), by Western blotting; several bands due
to yet unknown antigens were also detected in DCM-positive sera (Caforio et al.,
1992). These unknown antigens had apparent molecular weight of 30e35 kDa in
50% of positive sera, 55e60 kDa in 21%, 100 kDa in 14%, and 130e150 kDa in
14% (Caforio et al., 1992). The b MHC is expressed in slow skeletal and ven-
tricular myosin and is therefore only partially cardiac-specific. The a isoform is
expressed solely within the atrial myocardium. Antibodies to this molecule
represent truly organ-specific cardiac autoantibodies. The identification of a and
b MHC as relevant autoantigens in DCM patients parallels what is seen in the
experimental model of autoimmune myocarditis/DCM (Neu et al., 1987; Smith
and Allen, 1991) and in human myocarditis (Caforio et al., 1997a,b; Neumann
et al., 1990; Lauer et al., 2000). The finding of anti-MHC andMLC-1v antibodies
of IgG class in DCM patients has been independently confirmed using Western
blotting (Latif et al., 1993) or ELISA (Limas et al., 1995; Goldman et al., 1995;
Michels et al., 1994); a study has suggested that the disease-specific antimyosin
antibodies in DCM sera are mainly of IgG3 subclass (Warraich et al., 1999). By
Western blot, antibodies to heat shock protein-60 (HSP-60, tropomyosin, and
actin have also been found more frequently in DCM sera than in ischemic heart
disease controls, but normal sera were not tested (Latif et al., 1993) (Table 2.3).
Portig et al. found antibodies to HSP-60 and -70 at higher frequency in DCM sera
than in ischemic or normal control subjects (Table 2.3). Latif et al. (1994) later
developed a microcytotoxicity assay and showed complement-mediated cyto-
toxic activity of DCM sera containing anti-heart antibodies by Western blot.
DCM, ischemic, and normal control sera were screened using W1, a transformed
human fetal cardiac cell line, and also EA.hy 926, an endothelial and IRB3, a
fibroblast cell line. In the presence of complement, sera from 28 (62%) DCM
patients showed killing of the W1 cell line as compared to sera from 13 (30%) of
ischemic patients (P < .005) and 3 (15%) normal subjects. Only one DCM pa-
tient showed killing of EA.hy 926 cell line, and one ischemic showed killing of
the fibroblast cell line. These in vitro data suggest that a complement-dependent,
antibody-mediated mechanism of damage to cardiac myocytes may contribute to
the pathogenesis of DCM.
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5.5 Autoantibodies to Sarcolemmal Na-K-ATPase

A study, using porcine cerebral cortex Na-K-ATPase as an antigen in ELISA
and as a substrate in enzyme activity measurement, tested sera from 100 DCM
patients and 100 healthy individuals and found anti-Na-K-ATPase autoanti-
bodies in 26% of DCM and 2% of normal subjects (Baba et al., 2002)
(Table 2.3). Western blots showed that the antibodies recognized the a subunit,
and 3H-ouabain bindings in the presence of patient IgG showed that disso-
ciation constant was higher in DCM patients with antibodies than in those
without, suggesting biologic activity for the antibody. Preliminary unpublished
observations of these authors showed that the antibodies reacted with the a-3
and not the a-1 subunit isoform. By multiple regression analysis, the presence
of anti-Na-K-ATPase autoantibodies was an independent predictor for the
occurrence of ventricular tachycardia. Cardiac sudden death was indepen-
dently predicted by the presence of antibodies, as well as poor systolic
function. The authors speculated that these antibodies may lead to electrical
instability, because of abnormal Ca2þ handling by reduced Na-K-ATPase
activity, and delayed after-depolarizations via reverse-mode operation of the
Naþ/Ca2þ exchanger, resulting from increased intracellular Naþ concentra-
tions. Although this represents a tantalizing hypothesis, no definitive conclu-
sions on the functional role of these antibodies can be drawn at present. It
remains to be seen whether these antibodies are disease-specific for DCM,
since no controls with heart failure from other etiologies were studied. It is
worth noting that sarcolemmal Na-K-ATPase does not seem to fulfill strict
criteria of organ-specific cardiac autoantigen: the a-1 subunit isoform is
expressed in most tissues, the a-2 is predominant in skeletal muscle and can be
detected in brain and heart, and the a-3 is found in excitable tissues and the
a-4 in testis (Urayama et al., 1989; Muller-Ehmsen et al., 2001). Similarly, the
b-1 subunit isoform is fairly ubiquitous, whereas the b-2 and b-3 subunit
isoforms are mostly found in skeletal muscle, neural tissues, lung, and liver; in
human heart, only a-1b-1, a-2b-1, and a-3b-1 heterodimers are present and
are thought to be involved in the actions of cardiac glycosides (Schwinger
et al., 1999).

5.6 Autoantibodies to Mitochondrial and to Extracellular
Matrix Antigens

Using ELISA, autoantibodies against laminin, a large basement membrane
glycoprotein, were found in 73e78% of myocarditis/DCM patients and 6% of
normal subjects; the authors did not include ischemic heart disease controls,
but they reported unpublished data indicating 25e35% prevalence in coronary
artery disease (Wolff et al., 1989) (Table 2.3). Antibodies against distinct
mitochondrial antigens, the M7 (Klein et al., 1984; Otto et al., 1998), the
adenine nucleotide translocator (ANT) (Schultheiss and Bolte, 1985;
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Schultheiss et al., 1990), and the branched chain a-ketoacid dehydrogenase
dihydrolipoyl transacylase (BCKD-E2) (Ansari et al., 1994) and other respi-
ratory chain enzymes (Pohlner et al., 1997) have also been detected. The M7
antibodies, detected by ELISA, were of IgG class and were found in 31% of
DCM patients, 13% of those with myocarditis, 33% of controls with hyper-
trophic cardiomyopathy, but not in control subjects with other cardiac disease,
other immune-mediated disorders, or in normal subjects (Klein et al., 1984)
(Table 2.3). The test antigen was represented by different subcellular and
submitochondrial beef heart preparations; sera were also tested on submito-
chondrial particles from pig kidney and rat liver. Using an indirect micro solid-
phase radioimmunoassay and ANT, a protein of the internal mitochondrial
membrane, purified from beef heart, liver, and kidney as antigen, anti-ANT
antibodies were found in 57e91% of myocarditis/DCM sera, and in no con-
trols with ischemic heart disease, or in normal subjects (Schultheiss and Bolte,
1985; Schultheiss et al., 1990) (Table 2.3). Mitochondrial antigens have
generally been classified as nonorgan-specific (Bottazzo et al., 1986; Rose and
Bona, 1993). However, the heart specificity of the M7 antibodies was shown
by absorption studies, whereas these were not performed with the ANT and the
BCKD-E2 antibodies. Experimentally induced affinity-purified anti-ANT an-
tibodies cross-reacted with calcium channel complex proteins of rat cardiac
myocytes, induced enhancement of transmembrane calcium current and pro-
duced calcium-dependent cell lysis in the absence of complement (Schultheiss
et al., 1988, 1990). The authors suggested that such enhancing effect of the
antibodies might lead to impaired function of the ANT, imbalance of energy
delivery and demand within the myocyte, and subsequent cell death in vivo in
patients. The presence of this mechanism of antibody-dependent cell lysis has
not been shown using the antibodies present in patients’ sera.

5.7 Blocking and Stimulating Autoantibodies to b-Adrenergic
Receptors

Several groups have demonstrated antibodies against the b1-adrenoceptor
(Wallukat et al., 1991; Limas et al., 1989; Limas and Limas, 1991; Magnusson
et al., 1990, 1994). Using a binding inhibition assay (inhibition of marked [3H]
dihydroalprenolol binding to rat cardiac membranes), a significant inhibitory
activity, attributed to anti-b1-adrenoceptor antibodies of IgG class, was found
in 30e75% of DCM sera, 37% of ischemic or valvular heart disease controls,
and 18% of sera from normal subjects (Limas et al., 1989; Limas and Limas,
1991). Positive DCM sera were also found to immunoprecipitate b-adreno-
ceptors from solubilized cardiac membranes. Antibody-positive sera induced
sequestration and endocytosis of b1-receptors predominantly dependent on the
b-receptor kinase and selectively inhibited isoproterenol-sensitive adenylate
cyclase activity (Limas et al., 1989; Limas and Limas, 1991). Magnusson et al.
(1990), using as antigens synthetic peptides analogous to the sequences of the
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second extracellular loop of b1-and b2-adrenergic receptors by ELISA, found
antibodies in 31% of DCM patients, 12% of normal subjects, and in none of
the controls with other cardiac disease. The antibodies from DCM sera
exhibited inhibitory activity of isoproterenol binding to the b-adrenergic
receptor.

Other studies showed that, when analyzed in a functional test system of
spontaneously beating neonatal rat myocytes, antibody-positive DCM sera
(Wallukat et al., 1991; Jahns et al., 1999, 2000) or the affinity-purified b1-
receptor antibodies (Magnusson et al., 1994) increased the beating frequency
of isolated myocytes in vitro. b1-blocking drugs (propanolol, bisoprolol, and
metoprolol) inhibited the effect of the antibodies. These workers reported that
the stimulating anti-b1-receptor antibodies were present in 96% of myocarditis
and 26e95% of DCM sera, 8e10% of controls with ischemic heart disease,
and 0e19% of normal subjects (Table 2.3). They also suggested that this
antibody-mediated stimulation of the b1-receptor, observed in vitro, could
occur in vivo and account for the accelerated decline in ventricular systolic
function in some myocarditis/DCM patients.

5.8 Autoantibodies to M2-Muscarinic Receptors

Fu et al. (1993), using as antigen a synthetic peptide analogous to the 169e193
sequence of the second extracellular loop of human M2-muscarinic receptors
and the ELISA method, showed anti-M2 antibodies in 39% of DCM sera and
7% of the normal subjects. The presence of these antibodies correlated with
the presence of anti-b-receptor antibodies. A limitation of work involving the
antireceptor antibodies is that few disease controls have been studied. These
receptors are not organ-specific cardiac autoantigens; in fact, their distribution
is not restricted to the heart, and there are no cardiac-specific isoforms (Elalouf
et al., 1993; Eglen et al., 1994).

5.9 Cardiac-Specific Antibodies in Myocarditis/DCM: Clinical
Correlates and Potential Functional Role

The presence of organ- and disease-specific cardiac antibodies of IgG class
against myosin and other unknown antigens in myocarditis/DCM patients
supports the involvement of autoimmunity in at least one-third of patients
(Caforio et al., 1990a; Neumann et al., 1990; Latif et al., 1993; Michels et al.,
1994). These antibodies were associated with shorter duration and minor
severity of symptoms at diagnosis, as well as with greater exercise capacity
(Caforio et al., 1990a, 1997b, 2001). In many patients who were antibody
positive at diagnosis, these markers became undetectable at follow-up (Caforio
et al., 1997b). These findings strongly suggest that cardiac-specific autoanti-
bodies are early markers. The absence of antibodies at diagnosis in a pro-
portion of patients could indicate that cell-mediated mechanisms are
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predominant, and/or that autoimmunity is not involved; since the preclinical
stage in DCM may be prolonged, it might also relate to reduction of antibody
levels with disease progression (Caforio et al., 1997b). These findings have
been obtained using standard autoimmune serology techniques, in particular
s-I IFL, ELISA, and immunoblotting, and confirmed by several groups
(Neumann et al., 1990; Latif et al., 1993; Michels et al., 1994; Limas et al.,
1995). The low frequency of cardiac-specific antibodies in control patients
with heart dysfunction not due to myocarditis/DCM (Caforio et al., 1990a;
Caforio, 1994; Goldman et al., 1995) and the decrease in antibody titers in
advanced DCM (Caforio et al., 1997b, 2001) suggest that these markers are
not epiphenomena associated with tissue necrosis of various causes, but
represent specific markers of immune pathogenesis. The role of inflammatory
cytokines (e.g., the IL-2/sIL-2R system) as markers of T-lymphocyte activa-
tion in immune-mediated myocarditis/DCM and its relation to cardiac auto-
antibodies is a controversial issue (Limas et al., 1995; Caforio et al., 2001). In
particular, Limas et al. (1995) found that high titer anti-b1-receptor antibodies
were more common among DCM patients with abnormal sIL-2R serum levels.
Others found no association between the cardiac-specific autoantibodies found
by IFL and the anti-a-myosin antibodies detected by ELISA and sIL-2R levels
(Caforio et al., 2001). sIL-2R may be related with distinct autoantibody
specificities, e.g., in Graves disease high sIL-2R was associated with anti-TSH
receptor autoantibodies but was unrelated to the autoantibodies to intracellular
antigens (antimicrosomal and antithyroglobulin) (Balazs and Farid, 1991). The
same may apply to DCM, high sIL-2R being present in association with an-
tibodies to extracellular, e.g., the anti-b1-receptor, rather than intracellular
antigens, e.g., a-myosin and the other cardiac-specific antigens involved in the
IFL reaction. The cardiac-specific autoantibodies found by IFL and the anti-
a-myosin antibodies detected by ELISA were found in similar proportions of
patients with DCM and biopsy-proven myocarditis according to the Dallas
criteria, included in the Myocarditis Treatment Trial (Mason et al., 1995),
suggesting that conventional histology does not distinguish between patients
with and without an ongoing immune-mediated process in myocarditis/DCM
(Caforio et al., 1997a, 2013). The Myocarditis Treatment Trial failed to show
an improvement in survival in biopsy-proven myocarditis with immunosup-
pressive therapy; however, no immunohistochemical or serological markers
(e.g., increased HLA expression on endomyocardial biopsy and/or detection of
cardiac-specific autoantibodies in the serum in the absence of viral genome in
myocardial tissue) were used to identify those patients with immune-mediated
pathogenesis in whom immunosuppression could have been beneficial (Mason
et al., 1995). Interestingly, a subsequent, randomized, placebo control study in
DCM patients with HLA upregulation on endomyocardial biopsy showed
long-term benefit with immunosuppressive treatment (Wojnicz et al., 2001). In
addition, the TIMIC trial showed that immunosuppressive therapy is beneficial
in virus-negative myocarditis (Frustaci et al., 2009). Myocarditis/DCM
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patients with cardiac-specific autoantibodies should be included in future trials
of immunosuppressive therapy. A recent European Society of Cardiology
expert consensus document recommends immunosuppression in virus-negative
myocarditis refractory to standard heart failure and antiarrhythmia treatment
(Caforio et al., 2013).

Myosin fulfilled the expected criteria for organ-specific autoimmunity, in
that immunization with cardiac but not skeletal myosin reproduced, in sus-
ceptible mouse strains, the human disease phenotype of DCM (Neu et al.,
1987; Smith and Allen, 1991). In this respect, less experimental data are
available with other autoantigens. However, autoimmune diseases are often
polyclonal, with production of autoantibodies to different autoantigens. Some
of these autoantigens are involved earlier in disease and are more closely
related to primary pathogenetic events compared to those, which play a role in
secondary immunopathogenesis (Rose and Bona, 1993). Both experimental
and clinical evidences, in particular the multiplicity of autoantibody speci-
ficities identified so far (Table 2.3), exist that this also applies to myocarditis/
DCM. Myosin is an intracellular protein; thus there are two major hypotheses,
which may not be mutually exclusive, to explain interruption of tolerance to
this autoantigen. These include molecular mimicry, since cross-reactive epi-
topes between cardiac myosin and infectious agents have been found, and
myocyte necrosis due to viral infection or other tissue insults (Horwitz et al.,
2000; Galvin et al., 2000; Rose, 2000). Both mechanisms would explain the
association of viral infection with autoimmune myocarditis/DCM. Infection
with Coxsackie B3 (CB3) virus triggers anti-myosin reactivity and autoim-
mune myocarditis in many mouse strains, and immunization with cardiac
myosin induces disease in the same susceptible strains (Neu et al., 1987; Smith
and Allen, 1991). In some strains, such as Balb/c mice, CB3 virus-induced or
myosin-induced myocarditis is T cell-mediated (Smith and Allen, 1991),
whereas in other strains, such as DBA/2 mice, it is an antibody-mediated
disease (Kuan et al., 2000). The same may apply to humans, so that the
anti-myosin antibodies may be directly pathogenic in some (Lauer et al., 2000)
but not all patients with myocarditis/DCM (Caforio et al., 1997b) according to
different immunogenetic backgrounds, isotype (Kuan et al., 2000), and/or
subclass specificity of these antibodies (Warraich et al., 1999).

In relation to the proposed functional role of antibodies, e.g., the anti-
receptor and some of antimitochondrial antibodies (Table 2.3) in man, passive
transfer of the myocarditis/DCM phenotype to genetically susceptible animals
by antibody-positive patients’ sera would provide conclusive evidence for
antibody-mediated pathogenesis. A recent study suggests that serum anti-heart
autoantibodies detected by s-I IFL in myocarditis patients passively transfer
histologically proven myocarditis to mice (Caforio et al., 2015b). Nonantigen-
specific IgG adsorption has recently been used in DCM patients with high titer
antibodies to the b1-receptor, and it has been suggested that it has beneficial
clinical effects, accompanied by undetectable antibody titers during follow-up
(Muller et al., 2000). This does not imply a direct pathogenic effect of the anti-
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b1-receptor antibodies. The adsorption technique used was nonantigen-
specific; in addition, in antibody-mediated disorders the antibody titers rise
again at the end of plasmapheresis. However, the authors have recently pro-
vided new evidence in favor of the possibility that the beneficial effect of
immunoadsorption is related to removal of pathogenic cardiodepressant au-
toantibodies of IgG3 subclass, although no conclusion is possible on the po-
tential pathogenic role of a specific autoantibody (e.g., b1-receptor antibody)
(Schimke et al., 2001; Felix et al., 2002; Staudt et al., 2002). It may be that this
technique has a favorable immunomodulatory/immunosuppressive effect; in
addition, IgG substitution performed after immunoadsorption to avoid infec-
tive complications of unselective IgG depletion may have contributed to the
observed hemodynamic improvement (Mann, 2001; Gullestad et al., 2001);
randomized studies are in progress. This does not undermine the possible role
of any of the described antibodies (Table 2.3) as predictive markers. Subjects
classified as negative for one antibody may be positive for another and com-
bined testing may be advantageous. To this end, standardization of nomen-
clature and protocols for antibody detection and exchange of sera among
laboratories currently assessing the individual antibodies will be useful.

In autoimmune disorders, circulating autoantibodies identify symptom-free
subjects at risk years before clinical presentation. So far, the clinical and
prognostic significance of cardiac autoantibodies has been prospectively
assessed only for serum anti-heart autoantibodies detected by s-I IFL in
symptom free relatives of DCM index patients, not for the other published
autoantibodies. Healthy relatives of patients with DCM who have echocar-
diographic changes, including left ventricular enlargement or depressed frac-
tional shortening at baseline, have increased medium-term risk for DCM
development (Caforio et al., 2007). Approximately one-third of relatives from
both familial and non-familial pedigrees have serum anti-heart autoantibodies
detected by s-I IFL at baseline (Caforio et al., 1994). Prospective family
studies have shown that anti-heart autoantibodies detected by s-I IFL are in-
dependent predictors of DCM development in symptom-free relatives at 5-year
follow-up (Caforio et al., 2007).

In conclusion, several groups have shown that a subset of patients with
myocarditis/idiopathic DCM and their symptom-free relatives has circulating
heart-reactive autoantibodies. These autoantibodies are directed against multiple
antigens, some of which are strictly expressed in the myocardium (e.g., organ
specific for the heart) and others are expressed in heart and skeletal muscle (e.g.,
muscle specific). Distinct autoantibodies have also different prevalence in dis-
ease and normal controls (e.g., by IFL the organ-specific antibodies are disease
specific for DCM, some of the muscle-specific antibodies are not). Different
antibody techniques detect one (e.g., ELISA for myosin or for antireceptor
antibodies) or more antibody specificities (e.g., indirect IFL), thus they cannot
be used interchangeably as screening tools. Antibody frequency in DCM versus
controls is expected to be different using distinct techniques; at present it is
unknown whether the same subset (30e40%) of patients produces more than
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one antibody or different patient groups develop autoimmunity to different
antigens. Antibodies of IgG class, which are shown to be cardiac and disease
specific for myocarditis/DCM, can be used as reliable markers of autoimmune
pathogenesis for identifying patients, in whom immunosuppression and/or
immunomodulation therapy may be beneficial, and their relatives at risk. Some
of these autoantibodies may also have a functional role in patients, as suggested
by in vitro data as well as by new clinical observations, but further work is
needed to clarify this important issue.

6. IDIOPATHIC TACHY AND BRADYARRHYTHMIAS

Idiopathic AV conduction blocks or other bradyarrhythmias may be seen in
association with organ-specific or nonorgan-specific conditions. This led
earlier investigators to hypothesize potential immune pathogenetic mecha-
nisms. Cardiac conducting tissue antibodies (CCTA) were first reported by s-I
IFI-S in patients with chronic AV block (Fairfax and Doniach, 1976). The
antibodies were of IgG class, complement fixing, and with titers between 1/10
and 1/80. More recently, stimulating antibodies against b1- and b2-adreno-
ceptors were found by ELISA in patients with primary electrical cardiac ab-
normalities, in particular conduction disease or tachyarrhythmia (Chiale et al.,
1995). There are nonorgan-specific autoantibodies, which may be associated
with cardiac CDs, such as the anti-SSA/Ro anti-nRNP specificities (Scott
et al., 1983), but these are covered in another chapter.

6.1 Cardiac Conducting Tissue Antibodies

The s-I IFL substrate for CCTA detection was ox heart false tendon (Fairfax
and Doniach, 1976; Villecco et al., 1983; Obiassi et al., 1987). This tissue was
used because it is well known that in ox heart, the false tendon contains the
right bundle branch block (RBBB) and in ungulates, Purkinje cells are easily
distinguishable from ordinary working myocardial cells by light microscopy.
The presence of Purkinje cells was also confirmed on tissue sections by his-
tochemical reactions for myosin ATPase and phosphorilase. Cryostat-cut
sections were incubated with sera diluted 1/10, and fluorescein-labeled anti-
human IgG, A, M, and C3 antisera were used for CCTA detection. In the study
by Obiassi et al., CCTA-positive sera stained only Purkinje cells.

Fairfax and Doniach (1976) found CCTA in 8.6% of patients with idio-
pathic AV block, 4.5% of those with blocks of known cause, and 4.2% of
healthy controls (Table 2.2).

CCTA were also found in 76% rheumatoid arthritis (RA) patients with
RBBB and 20% of those without RBBB, but were rare in RBBB without RA
(Villecco et al., 1983) (Table 2.2).

Obiassi et al. (1987) subsequently reported CCTA reacting only with
Purkinje cells in 14e21% of patients with connective tissue disease (systemic
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lupus erythematosus, AR, Sjogren syndrome, progressive systemic sclerosis)
and AV blocks, 30% of patients implanted with permanent pace-makers for
nonischemic AV blocks, 34.5% of those with idiopathic block at or below the
His bundle, and 11% of normal subjects.

6.2 Stimulating Autoantibodies to b-Adrenergic Receptors

Chiale et al. (1995), using as antigens synthetic peptides analogous to the
sequences of the second extracellular loop of b1- and b2-adrenergic receptors
by ELISA, found stimulating anti-b1-antibodies at higher frequency in patients
with DCM (38%) and in idiopathic VA (47.6%) compared to both normal
(19%) and cardiomyopathy controls (6.2%) (Table 2.2). Conversely the anti-
body frequency in patients with CD (28.5%) or primary atrial arrhythmia (AA)
(13.6%) was similar to that seen in normal and cardiomyopathy controls. In
addition, they reported a higher frequency of anti-b2-antibodies in VA (23.8%)
compared to cardiopathic (3%) but not the healthy control subjects (14.7%).
The authors suggest that the agonist- or catecholamine-like effects mediated
by these antibodies may play a role in facilitating the occurrence of VA and the
development of chronic myocardial dysfunction and DCM. However, pro-
spective studies are needed to determine whether or not these antibodies are
predictive markers of DCM development in patients with idiopathic
arrhythmia and normal systolic function.

7. SYSTEMIC ARTERIAL HYPERTENSION

Systemic arterial hypertension is a syndrome of heterogeneous etiology and
pathogenesis. An increased frequency of anti-heart autoantibodies to several
antigens has recently been reported, suggesting that autoimmune mechanisms
might be involved in selected patient subgroups.

7.1 Anti-Heart Autoantibodies by s-I IFL

Caforio et al. (1991) reported organ-specific anti-heart autoantibodies in 17%
of sera from patients with autoimmune polyendocrinopathy, in the absence of
symptoms and ECG and/or echocardiographic evidence of cardiac dysfunction
(Table 2.2). However, a higher frequency of systemic arterial hypertension was
found among antibody-positive patients. The authors concluded that the an-
tibodies might represent markers of an autoimmune form of hypertension,
although prospective studies were needed to confirm their hypothesis.

7.2 Stimulating Autoantibodies to a1-Adrenergic Receptors

Fu and Herlitz (1994), using as antigens synthetic peptides analogous to the
sequences of the second extracellular loop of a1-adrenergic receptor by
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ELISA, found stimulating anti-a1-antibodies of mainly IgM isotype in 4 (12%)
of 33 normal controls, 3 (20%) of 15 patients with malignant essential hy-
pertension, and 7 (64%) of 11 with secondary malignant hypertension
(Table 2.2). The patients’ antibodies caused a decrease in tritiated prazo-
sinebinding sites and an increase in heart beating frequency of neonatal
cultured rat cardiomyocytes; antibodies purified from the controls had no ef-
fect. These workers concluded that these autoantibodies had agonist-like ac-
tivity, although it remained to be further investigated whether they were
merely markers of a subgroup of patients with malignant hypertension or had a
pathogenetic role.

Luther et al. (1997) subsequently showed that when analyzed in a func-
tional test system of spontaneously beating neonatal rat myocytes, the Ig
fractions of sera from 24 (44%) patients with primary hypertension and 3
(12%) normotensive controls contained antibodies against a1-adrenergic re-
ceptor (Table 2.2). The autoantibodies increased the beating frequency of
isolated myocytes in vitro, an effect that was blocked by a1-adrenergic an-
tagonists. Since the functional characteristics of the autoantibodies showed no
desensitization phenomena, the authors suggested that they might play a role
in increasing vascular resistance and promoting cardiac hypertrophy in pri-
mary hypertension.

7.3 Stimulating Autoantibodies to the Angiotensin Receptor

Fu et al. (2000), using ELISA, studied the presence of autoantibodies against
G-proteinecoupled cardiovascular receptors in malignant essential hyperten-
sion (n ¼ 14), secondary malignant hypertension due to renovascular disease
(n ¼ 12), renovascular disease without malignant hypertension (n ¼ 11), and
normotensive healthy blood donors (n ¼ 35). They found stimulating anti-
angiotensin type 1 receptor (AT1) antibodies in 14%, 33%, 18%, and 14% of
patients with malignant essential hypertension, secondary malignant hyper-
tension, renovascular disease, and normotensives, respectively (Table 2.2); no
antibodies to bradykinin (B2) or angiotensin II subtype 2 (AT2) receptors.

Wallukat et al. (1999) analyzed in a functional test system of spontaneously
beating neonatal rat myocytes, the Ig fractions of sera from 25 preeclamptic
patients and compared them with those of 12 normotensive pregnant women
and 10 pregnant patients with primary hypertension. Antibodies were detected
by the chronotropic response to AT1 receptoremediated stimulation of the rat
myocytes coupled with receptor-specific antagonists. Ig from all preeclamptic
patients, but not from controls, stimulated the AT1 receptor; this activity
decreased after delivery. Affinity-column purification, peptide inhibition, and
Western blot experiments identified this activity as due to agonistic IgG an-
tibodies against the second extracellular AT1 receptor loop. Confocal micro-
scopy of vascular smooth muscle cells showed colocalization of purified
patient IgG and AT1 receptor antibody. It was subsequently shown that these
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antibodies induce vascular cells to express tissue factor and stimulate NADPH
oxidase (Dechend et al., 2000, 2003). These data suggest that they may
contribute to the pathogenesis of preeclampsia (Roberts, 2000).
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Chapter 3

Neonatal Lupus Syndromes:
Pathogenesis and Clinical
Featuresa

A. Brucato,* R. Clancy,x J.P. Buyonx and M. Meroni*
*Internal Medicine, Ospedale Papa Giovanni XXIII, Bergamo, Italy; xHospital for Joint Diseases,
New York University School of Medicine, New York, NY, United States

Key Points

l Neonatal lupus is an in vivo model of passively acquired autoimmune
disease in which anti-Ro/SSA autoantibodies are transmitted through the
placenta from a mother to her fetus.

l The most important clinical feature is congenital heart block, which is
usually complete; other conduction abnormalities may be present (sinus
bradycardia, PQ prolongation).

l Additional structural cardiac abnormalities may be endocardial fibroelas-
tosis and valve fibrosis; liver and blood elements abnormalities have been
also reported, while learning disabilities are probably absent.

l Therapy is based on expert opinion; fluorinated steroids are generally used
if the block is incomplete, or recent, or associated with hydrops,
myocarditis, and effusions. Intravenous immunoglobulin (IVIG) and also
plasmapheresis are sometimes proposed if the block is incomplete or if
myocarditis or endocardial fibroelastosis are present.

l Infants are often delivered preterm (on average at 35 weeks gestation);
mortality is 15e23%; permanent pacing is required in 51e84%.

l Hydroxychloroquine might have a role in preventing CHB, mediated by
interference with TLR, and an open-label prospective trial is currently
recruiting to further investigate this association.

a. This chapter is dedicated to the memory of Harriet Buyon.
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1. INTRODUCTION

Congenital heart block (CHB) is a characteristic manifestation of the neonatal
lupus (NL) syndrome, mainly due to passive transplacental diffusion of maternal
antibodies (anti-SSA/Ro and, to a lesser extent, anti-SSB/La) to the fetal cir-
culation. Cardiac NL syndrome typically includes, besides CHB (usually
complete), further cardiac abnormalities such as endocardial fibroelastosis
(EFE), dilated cardiomyopathy (DCM), and valve fibrosis. Other conduction
abnormalities may be present (sinus bradycardia, PR interval prolongation).

The term NL is misleading, since most of the mothers are not affected by
systemic lupus erythematosus (SLE), and their infants too are not affected by
SLE, but has been used since some of these infants may develop a skin rash
resembling that observed in adults with subacute cutaneous lupus
erythematosus.

Fluorinated steroids, that do cross the placenta, have been used for some
decades, but their efficacy has been recently challenged by several authors, and
treatment is currently very controversial (Izmirly et al., 2011; Eliasson et al.,
2011; Levesque et al., 2015; Izmirly et al., 2015).

2. EPIDEMIOLOGY AND DEFINITION OF CONGENITAL
COMPLETE AVB

CHB is a rare disorder, equally affecting males and females. CHB has an
incidence of 1:20,000 live births (Brito-Zéron et al., 2015); these numbers,
however, include CHB associated with anatomical malformations, and do not
consider in utero deaths. Overall studies of CHB due to all etiologies observe
that 14e42% of cases are attributable to anatomical abnormalities; assuming
that the remaining geneses are autoimmune, the global incidence of immune-
mediated CHB is estimated in 1 in 20,000e30,000 (Kertesz et al., 1997): more
precisely, it has recently been established in about 1 in 22,000 live births
(Friedman et al., 2003). Recently, the incidence of autoantibody-related
atrioventricular block (AVB) of II-III degree was reported as 1/23,300 in
Stockholm County.

Confusion exists regarding congenital versus acquired AVB; for these
reasons we proposed a new definition: an AVB is defined as congenital if it is
diagnosed in utero, at birth, or within the neonatal period (0e27 days after
birth). This definition is now generally accepted (Brito-Zéron et al., 2015;
Brucato, 2003).

Nonimmune CHB is commonly associated with underlying structural
congenital heart disease: among them, left atrial isomerism (often accompa-
nied by atrioventricular septal defect) and levo-transposition of the great ar-
teries. When diagnosed in the postnatal period, approximately one-third of
cases of congenital conduction system disease have associated structural dis-
ease. In utero, diagnosis of CHB is associated with structural heart disease in
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approximately one-half of the cases (Kertesz et al., 1997). It can also occur in
association with tumors like mesothelioma.

3. ETIOLOGY/PATHOGENESIS

NL clinical manifestations are not only associated, but causally related with
the presence of anti-Ro/SSA antibodies (Buyon and Clancy, 2005); their
pathogenic role is supported by the fact that, with the only exception of CHB,
NL manifestations disappear in temporal relationship with the clearance of
antibodies from the baby’s circulation. These antibodies, in fact, start crossing
the placenta at approximately 12 weeks of gestation, reaching thus the fetal
tissues. A study showed that antibodies to native 60-kd and denatured 52-kd
Ro/SSA were present only in the heart eluate, and not in the eluates from
brain, kidney, and skin of a child who died with congenital complete heart
block.

The antibodies-derived pathogenic action may display at least three effects,
not mutually exclusive, on cardiac tissues: myocarditis; arrhythmogenesis; and
interference with apoptosis.

3.1 Myocarditis

The inflammatory process relevance in NL pathogenesis is supported by the
mononuclear cell infiltration in the myocardium, as well as by the deposition
of immunoglobulin G (IgG), complement, and fibrin (Nield et al., 2002). The
first cardiac lesion may be a pancarditis, resulting in fibrosis of the conducting
system. The picture might vary from a clear inflammatory state, to the pres-
ence of calcifications only, depending on the time when the pathological
evaluation is performed. A generalized myocarditis/cardiomyopathy, possibly
associated to EFE, may rarely occur after birth (Alexander et al., 1992).

Llanos described a mononuclear cell (macrophages and giant cells) infiltrated
pancarditis (Llanos et al., 2012). Echocardiographic evidence of myocarditis re-
mains extremely rare (Fesslova et al., 2003; Brucato et al., 2011a,b).

3.2 Arrhythmogenesis and Electrophysiological Effects

Boutdjir showed peculiar effects on conduction and heart rate of whole human
fetal hearts, obtained after elective termination of normal pregnancy. Perfusion
of the heart with purified anti-52-kD SSA/Ro antibody resulted in bradycardia
associated with widening of the QRS complex and, after 33 min from perfu-
sion, complete AVB. Reperfusion of the heart with antibody-free solution
resulted in recovery. Superfusion of hearts with IgG fractions also induced
bradycardia and AV dissociation (Boutjdir et al., 1997).

Several authors showed arrhythmogenic effects of anti-Ro/SSA antibodies in
animal or human myocardial tissues (Boutjdir et al., 1998; Mazel et al., 1999),
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interfering with both L-type and T-type calcium channels. An autoantibody-
binding site has been identified on the extracellular loop (domain I, S5-S6)
of alpha(1D) L-type Ca channel (the pore-forming subunit of the channel)
(Karnabi and Boutjdir, 2010).

Anti-Ro/SSA may also target an extracellular epitope of a1G T-type cal-
cium channels in human fetal cardiomyocytes, but the Buyon’s group found
this reactivity to be extremely rare and not discriminating in anti-Ro/SSA
exposed fetuses with or without CHB (Markham et al., 2015).

A Swedish study showed that pups born to rats immunized with the p200
peptide developed AVB and that p200-specific autoantibodies bound cultured
cardiomyocytes, leading to accumulating levels and overload of intracellular
Ca2þ levels with subsequent loss of contractility and apoptosis. These
important findings might be the link between reaction with calcium receptors,
arrhythmogenesis, apoptosis, and fibrosis. QT interval may be prolonged in
children from anti-Ro/SSA positive mothers (Cimaz et al., 2000), raising the
possibility that further ionic channels might be involved. Two different
groups observed a prolongation of the corrected QT interval (QTc) in anti-
Ro/SSA-positive adults (Lazzerini et al., 2004, 2007; Bourré-Tessier et al.,
2011).

More recently, anti-Ro positive sera, purified IgG, and affinity purified anti-
52 kDa Ro from patients with autoimmune diseases and QTc prolongation
were tested on IKr using HEK293 cells expressing HERG channel and native
cardiac myocytes. Anti-Ro inhibits IKr to prolong action potential duration by
directly binding to the HERG channel protein. 52 kDa Ro antigen immunized
guinea-pigs showed QTc prolongation on ECG. The authors concluded that
anti-Ro/SSA inhibit IKr by cross-reacting with the HERG channel likely at the
pore region where homology between 52Ro antigen and HERG channel is
present. Together, they proposed that adult patients with anti-Ro/SSA with
QTc prolongation should receive counseling about drugs that may increase the
risk for arrhythmias.

Other interferences of anti-Ro/SSA antibodies have been demonstrated
with M1 muscarinic acetylcholine, serotoninergic 5-hydroxytryptamine (5-HT4)
receptors (Kamel et al., 2005), and with inner ear antigens, such as Cogan
peptide (Lunardi et al., 2002).

3.3 Apoptosis, TGFbeta, TLR, and the Road to Scar

Ro and La antigens are expressed on the surface blebs of apoptotic cells
including human fetal myocytes (Miranda et al., 1998). Tran demonstrated the
subcellular translocation also of La autoantigen in vivo during apoptosis in
the fetal conduction system in mice, and showed that transplacental anti-La
autoantibodies bind specifically to apoptotic cells. Impaired clearance of
apoptotic cardiocytes is linked to anti-SSA/Ro and -SSB/La antibodies
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(Clancy et al., 2006). Accordingly, it has been reported that anti-SSA/Ro
autoantibodies, once bound to apoptotic fetal cardiocytes, might promote
phagocytosis by macrophages and the secretion of tumor necrosis factor alpha
(TNFa) and TGF-beta. TNFa may induce an inflammatory process, but
TGF-beta induces a pro-fibrotic activation of myofibroblast. This might be
one of the “fetal factors” facilitating fibrosis at the level of the conduction
tissue (Clancy et al., 2002). Accordingly, the profibrotic TGF-beta genotype
has been detected in a twin with CHB but not in his healthy twin (Cimaz
et al., 2006).

To be expressed on the surface of apoptotic fetal cardiomyocytes Ro60
requires binding with its Y3 RNA (Reed et al., 2013). b(2)-glycoprotein I
(b2GPI) interacts with Ro60 on the surface of apoptotic Jurkat cells and in-
hibits binding of anti-Ro60 IgG, preventing opsonization of apoptotic car-
diomyocytes by maternal anti-Ro60 IgG (Reed et al., 2011).

Surface binding of anti-Ro60 to apoptotic cardiocytes activates the uro-
kinase plasminogen activator/urokinase plasminogen activator receptor (uPA/
uPAR) system. Subsequent plasmin generation facilitates increased binding of
anti-Ro60 by disrupting and cleaving circulating b2GPI, thereby eliminating
its protective effect (Briassouli et al., 2013).

Activation of TLR by ssRNA after FcɣR-mediated phagocytosis of im-
mune complexes may be relevant. Both macrophage transfection with non-
coding ssRNA that bind Ro60 and an immune complex generated by
incubation of Ro60-ssRNA with IgG from a CHB mother or affinity purified
anti-Ro60 significantly increased TNFa secretion. Dependence on TLR was
supported by the significant inhibition of TNFa release by IRS661 and
chloroquine. Fibrosis markers were increased in fetal cardiac fibroblasts after
incubation with supernatants from macrophages transfected with ssRNA or
incubated with the immune complex. Supernatants generated from macro-
phages with ssRNA in the presence of chloroquine did not cause fibrosis. In a
CHB heart, but not a healthy heart, TLR7 immunostaining was localized to a
region near the atrioventricular groove. These data support an injury model in
CHB, whereby endogenous ligand, Ro60-associated ssRNA, forges a nexus
between TLR ligation and fibrosis instigated by binding of anti-Ro Abs to the
target protein likely accessible via apoptosis, and explains a possible pro-
tective role of chloroquine (Clancy et al., 2010). Recently, transcriptome and
epigenetic modifications, which affect transcription factors NF-kB and
STAT1, were selected to evaluate the phenotype of macrophages in which
TLR7/8 was ligated following treatment with either anti-Ro60/Ro60/hY3
RNA immune complexes or transfection with hY3. Based on microarray,
TNF and IL6 were among the most highly upregulated genes in both stim-
ulated conditions, each of which was significantly inhibited by preincubation
with hydroxychloroquine (HCQ). In contrast, following stimulation of mac-
rophages with either TNFa or IFN-a, which do not signal through TLR, the
resultant gene expression was refractory to HCQ. Ligation of TLR7/8 resulted
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in increased histone methylation as measured by increased H3K4me2, a
requirement for binding of NF-kB at certain promoters, specifically the kB1
region in the TNF promoter (ChIP-qPCR), which was significantly decreased
by HCQ. In summary, these results support that the HCQ-sensitive phenotype
of hY3-stimulated macrophages reflects the bifurcation of TLR downstream
signals involving NF-kB and STAT 1 pathways and for the former dime-
thylation of H3K4. Accordingly, HCQ may act more as a preventive measure
in downregulating the initial production of IFN-a or TNFa and not affect the
resultant autacoid stimulation reflected in TNFa and IFN-a responsive genes.
The beneficial scope of antimalarials in the prevention of CHB in an anti-Ro
offspring or more broadly SLE, may include in part, a mechanism targeting
TLR-dependent epigenetic modification (Clancy et al., 2015).

3.4 Genetics

Genetic predisposition may play an important role in disease pathogenesis.
Susceptibility genes involve a broad spectrum of candidates ranging from
affector pathways, involving antigen presentation (e.g., HLA), to effector
pathways, controlling inflammation and fibrosis. Maternal genes HLA
DRB1*02 and *03 are strongly associated with the presence of SSA/Ro-SSB/
La (Gottenberg et al., 2003). A polymorphism at position -308 on the promoter
gene of the TNFa (TNF2) and leucine polymorphism at codon 10 of the TGFb
gene (potentially conferring increased inflammation and scarring develop-
ment, respectively) occur more frequently in children with CHB than their
unaffected siblings (Clancy et al., 2003). Sirén reported an increased frequency
of Class I HLA-Cw3 in CHB children. HLA alleles enriched in the mothers
were DRB1*03DQB1*02, DQA1*05, and HLACw7 (Colombo et al., 1999). A
case of CHB onset in a fetus conceived by in vitro fertilization was described
by the authors and demonstrated that the presence of anti-SSA/Ro antibodies
is necessary, but not sufficient to provoke autoimmune-associated CHB.
HLA-related candidates and single-nucleotide polymorphisms in the promoter
region of tumor necrosis factor a and codon 10 in transforming growth factor
b1 (TGFb1) were evaluated in a unique family: the surrogate mother (anti-
SSA/Ro positive), the biologic father, and the CHB-affected child (product of
ovodonation). There was an HLA mismatch between the affected child and the
surrogate mother. However, both the biologic and the surrogate mothers shared
DQ2 and the profibrosing leucine polymorphism at codon 10 of TGFb. CHB
can therefore develop in a genetically unrelated child exposed in utero to anti-
SSA/Ro antibodies (Brucato et al., 2010).

A Swedish group recently performed a genotype analysis in 86 families.
HLA-DRB1*04 and HLA-Cw*05 variants were significantly more frequently
transmitted to CHB cases, whilst HLA-DRB1*13 and HLA-Cw*06 were
significantly less often transmitted. Furthermore a marked association of
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increased paternal (but not maternal) HLA-DRB1*04 transmission to affected
offspring was observed. The authors concluded that HLA-DRB1*04 and
HLA-Cw*05 were identified as novel fetal HLA allele variants that confer
susceptibility to CHB, whilst DRB1*13 and Cw*06 emerged as protective
alleles. Additionally, a paternal contribution to fetal susceptibility to CHB was
demonstrated (Meisgen et al., 2014).

3.5 Evaluation of the Fine Specificities of the Maternal
Autoantibody Profile

SSA/Ro is a complex system, associated with RNA, the function of which is
not completely known, that comprises at least two polypeptides of molecular
weight of 52 and 60 kD, respectively.

Novel interest was raised by a small central portion of 52 kD Ro, from 200
to 239 amino acids, named p200 that could represent the fine specificity of anti-
Ro Ab associated to CHB. Salomonsson described the presence of anti-p200 in
nine out of nine mothers who delivered babies with CHB, and demonstrated
that anti-p200 inoculation in rat pups was associated to cardiocytes Ca2þ-ho-
meostasis dysregulation, leading to an increase in heart cell death, atrium-
ventricular conduction prolongation, and to CHB; Clancy (Clancy et al.,
2005) did not confirm these findings as being specific to only pregnancies
resulting in CHB. Strandberg showed an association between high titers of
maternal anti-p200 Ab and CHB in a wide multicenter study. An animal model
demonstrated that the inoculation of anti-p200, but not of anti-52 kD Ro Ab
without p200 peptide specificity, was able to cause heart block in rat pups
(Ambrosi et al., 2012a).

In a study of 115 anti-Ro positive mothers, both maternal anti-Ro52 and
p200 autoantibodies were less than 50% specific for cardiac NL, but anti-p200
was the least likely of the Ro autoantibodies to be false-positive in mothers
who have never had an affected child (Reed et al., 2012).

We retrospectively evaluated 207 Italian women carrying anti-Ro/SSA Ab.
CHB occurred in 42 children, whereas 165 were not affected. Anti-p200 was
more frequently positive (81.0% vs. 59.1%, p¼ .013) and at a higher titer in CHB
mothers [Odds Ratio (OR) for CHB: 2.98]. CHB risk significantly decreased in
the absence of this specificity (OR: 0.34). However, while the negative predictive
value related to anti-Ro/SSA 60 kDAb ELISAwas 100%, almost 20% of mothers
negative for anti-p200 Ab delivered babies with CHB. An ELISA screening for
anti-Ro/SSA 60 kD Ab is mandatory, given the probability of developing CHB
also in the absence of anti-p200 Ab.

3.6 Other Pathogenetic Mechanisms

Moving from the observation that only a minority (1e2%) of mothers with
anti-Ro and anti-La antibodies deliver an affected child, others pathogenetic
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mechanisms appear to be relevant. In particular, an intriguing discordance on
the occurrence of complete CHB was reported in monozygotic twins. The
persistent presence of maternal cells in the fetal heart (microchimerism) is a
hypothesis to explain a local immune-mediated response.

CHB was associated with higher maternal age and displayed a seasonal
birth pattern in a Swedish study, eventually due to lower levels of vitamin D
due to decreased sunlight exposure during winter months (Jaeggi et al., 2011).
Recently cord blood and maternal vitamin D levels were not significantly
associated with cardiac NL, but average maternal vitamin D level during
pregnancy was positively associated with longer time to postnatal pacemaker
placement, so maternal levels should be optimized.

4. RISK OF DELIVERING A CHILD WITH COMPLETE CHB

In a prospective study we found that the prevalence of complete CHB in
newborns of 100 women already known to be anti-Ro/SSA positive and with
known connective tissue disease was 2% (95% confidence interval 0.2e7%)
(Brucato et al., 2001). We only studied mothers who had been found to be anti-
Ro/SSA positive by counterimmunoelectrophoresis, a method with high
specificity and low sensitivity, to exclude women with low or dubious titers of
anti-Ro/SSA. This finding has been now confirmed by other groups: Gladman
reported no cases of CHB in 100 live births in 96 women (Gladman et al.,
2002); Cimaz observed two cases of CCHB out of 128 infants (1.6%), and
Costedoat-Chalumeau one case out of 99 infants (1%) (Costedoat-Chalumeau
et al., 2004). Motta observed a prevalence of 1/50 (2%) (Motta et al., 2007),
Gerosa 1/60 (1.7%) (Gerosa et al., 2007), Friedman 2/74 (2.7%) (Friedman
et al., 2008), Rein 0/70 (0%), and Jaeggi 1/165 (0.6%) (Jaeggi et al., 2011).
Overall a meta-analysis including all the studies available would give a
prevalence of 10 out of 746 cases (1.3%) in women with anti-SSA/Ro and no
history of a previous child with NL.

If the mother is anti-La/SSB positive the risk might increase to 3%, while if
negative might decrease to 0.9% (Gordon et al., 2004).

If the mother has antithyroid Ab or is hypothyroid the risk should increase,
with an estimated OR of 8.6. In a separate study, Askanase reported that
mothers of children with NL in the Research Registry for Neonatal Lupus were
more likely to have anti-TG antibodies than women with primary Sjögren’s
syndrome and historical healthy controls, anti-TG antibodies being present in
one-third of the mothers tested. However, whether these antibodies specifically
segregate between affected and unaffected pregnancies was not evaluated
(Askanase et al., 2006).

We observed that the risk for CHB was <1% in women who were anti-
p200 negative.

The Canadian group tested in ELISA 186 anti-Ro/SSA positive women and
found that all cardiac complications of NL were associated with at least
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moderate titer of anti-SSA (>50 U/mL): no case of cardiac NL was observed
in mothers low positive for anti-Ro (<50 U/mL) (Jaeggi et al., 2010).

In practice, positivity for anti-Ro/SSA must be reliable, and ELISA low
titers probably are not relevant. These findings might be relevant in deciding
which woman to monitor during pregnancy.

The risk of recurrence of CHB is 15e20% (Buyon et al., 1998; Julkunen
and Eronen, 2001). This probability seems lower in Sweden: 12% (Ambrosi
et al., 2012b). The risk of CHB seems similar even after a case of skin rash
only (Brito-Zéron et al., 2015); however, Izmirly reported the recurrence to be
slightly lower following skin rash (13%) compared to 17% following CHB.

5. CLINICAL MANIFESTATIONS

5.1 Cardiac Manifestations

Cardiac manifestations are a hallmark of NL. CHB is the most severe
consequence, since it is irreversible and carries a high morbidity and mortality
rate, mainly related to the ventricular rate, which usually ranges between 30
and 80 beats/min; the lower the rate, the higher the possibility of fetal hydrops,
neonatal cardiac failure, and death (Izmirly et al., 2011; Eliasson et al., 2011;
Lopes et al., 2008).

In 2011 two large series of cardiac NL were published, one from Europe
(report form the Fetal Working Group of the European Association of Pedi-
atric Cardiology) and one from USA. Recently, the French group also pub-
lished a large series of 214 CHB (Levesque et al., 2015).

The main findings from these studies are summarized in Table 3.1, together
with those from a large Brazilian study (Lopes et al., 2008).

CHB is most frequently detected in utero by prenatal ultrasound, between
16e18 and 24 weeks of gestational age. This “window” is related to the timing
of transplacental passage of autoantibodies (that does not start before the third
month of gestation) and to the ontogenic development of the cardiac con-
duction system that is not fully developed until the 22nd week (Lopes et al.,
2008).

The rapidity of clinically detectable injury is supported by the report of
fetuses experiencing normal sinus rhythm, then progressing to irreversible
third-degree block within 1 week, observed in USA, Sweden, and Italy
(Friedman et al., 2008). Most of these infants are delivered preterm (35 weeks
gestation) (Izmirly et al., 2011; Eliasson et al., 2011; Brucato et al., 2000;
Eronen et al., 2000).

In utero death is usually related to intractable heart failure, but may occur
suddenly (Fesslova et al., 2009).

Other electrocardiographic abnormalities entail incomplete AVBs (first-
and second-degree) and sinus bradycardia (Brucato et al., 2000; Cimaz et al.,
1997). This last finding is of importance, since it suggests that also the sinus
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TABLE 3.1 Outcome of Infants With Cardiac NL in Four Large International Series

Lopes et al. (2008) Eliasson et al. (2011) Izmirly et al. (2011) Levesque et al. (2015)

No. of fetuses 57 with normal cardiac
anatomy

175 325 214

Total mortality 13 (23%) 27 (15%) 57 (17.5%) 49 (23%)

Mortality in utero 6 (10%) 16 (9%) 19 (6%) 27 (with 14 for elective
termination of
pregnancy) (13%)

Perinatal mortality 7 (12%) 11 (7%) 38 (12%) 8 (4%)

Pacemaker implantation 51% 66% 70% 79%

Late-onset cardiomiopathy 3% 4.6% 4 cases of heart
transplantation

18% (but diagnosed at a
mean age of 5 months)

Treated with fluorinated
corticosteroids

10% 38% 90% 79 (39%)

Effects of corticosteroids None None on mortality; possibly
reversal on incomplete AVB

Possibly reversal on
incomplete AVB

None

Reversal of second-degree
AV after fluorinated
corticosteroids

None In 3/7 fetuses treated versus 0/8
untreated

In 4/13 fetuses treated
versus 1/8 untreated

In 1/13 treated versus
1/11 untreated

Variables associated with
death

Atrial rate <120 bpm,
ventricular rate
<55 bpm, hydrops

Gestational age <20 weeks,
ventricular rate <50 bpm,
hydrops, impaired left ventricular
function

Earlier gestational age,
lower ventricular rate,
hydrops, EFE

Hydrops, prematurity
(less than 37 weeks
gestation)

Survival at 10 years for a
child born alive

86% 88%

Maternal anti-Ro/SSA
antibodies

72% 80% of 162 pregnancies with
documented antibody status

100% 99.5%
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node can be transiently affected. Cimaz described QT prolongation in infants
from mothers with anti-SSA/Ro antibodies (Cimaz et al., 2000). The French
group has not confirmed this finding in 152 pregnancies in 96 anti-SSA pos-
itive women (Costedoat-Chalumeau et al., 2004). On the other hand a QT
interval prolongation has been reported also in adults positive for anti-SSA/Ro
(Lazzerini et al., 2004, 2007; Bourré-Tessier et al., 2011), and recently it has
been shown that anti-Ro positive sera inhibit IKr to prolong action potential
duration by directly binding to the HERG channel protein inducing QTc
prolongation. This topic, therefore, is still a matter of debate.

Two relevant papers, prospective controlled observational Italian studies,
described ECGs abnormalities in infants born from anti-Ro/SSA positive
mothers.

Gerosa prospectively followed 60 anti-Ro-positive and 36 anti-Ro-negative
women before/during pregnancy and underwent weekly fetal echocardiogra-
phy from the 18th to 26th weeks of gestational age. Infants’ ECG and/or
ECG-Holter were performed at 1, 3, 6, and 12 months. ECGs of 200 consecutive
neonates were used as a healthy control group. One of 61 fetuses of anti-Ro-
positive mothers developed CHB; another anti-Ro-positive baby developed
second-degree AVB (30th week). The prevalence of transient first-degree AVB
detected postnatally was significantly higher in the anti-Ro-positive group
(p ¼ .002). No differences in QTc interval prolongation prevalence (� 440 ms)
was observed between the anti-Ro-positive and -negative groups, but both were
significantly higher than that of the control normal population (p < .001).
ECG-Holter showed QTc prolongation in 59% of infants of anti-Ro-positive and
in 60% of infants of anti-Ro-negative mothers. Holter QTc was � 470 ms in
four infants of anti-Ro-positive group and two of anti-Ro-negative group. This
prospective study confirmed that ECG abnormalities (first-degree AVB and QTc
interval prolongation) are frequent in infants of mothers with autoimmune
diseases, independently of maternal disease, autoantibody profile, and treatment
during pregnancy (Gerosa et al., 2007).

Motta evaluated neonates born from mothers with connective tissue disease
and positive (51 infants) or negative (50 control infants) for anti-SSA/Ro
antibodies. No infant showed sinus bradycardia. A first-degree AVB at birth
was observed in five study group and no control group infants (p ¼ .023).
AVBs spontaneously reverted or remained stable during the first year of life.
Mean QTc of infants born from anti-SSA/Ro-positive mothers was slightly
prolonged as compared with the control group (0.404 � 0.03 s vs.
0.395 � 0.02 s; p ¼ .060) (Motta et al., 2007).

These two studies overall concluded that several minor ECG abnormalities
may be present in infants born form anti-SSA positive mothers, but also born
from women with autoimmune diseases who are anti-SSA negative, and that
their clinical relevance is modest.

Immunomediated valvular disease caused by the dysfunction of the
atrioventricular valve tensor apparatus may be a severe complication of NL
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(Llanos et al., 2012), reported in 14/255 (5.5%) babies (Izmirly et al., 2011). A
single study has detailed the clinical approach of six affected babies (Cuneo
et al., 2011).

Fetal EFE has been associated with maternal anti-Ro/SSA antibodies, both
with and without conduction disorders (Nield et al., 2002; Llanos et al., 2012;
Guettrot-Imbert et al., 2011); prenatal echocardiographic signs of EFE are
manifest as areas of patchy echogenicity (fibrosis) on the endocardial surfaces.
The long-term implication of this finding is not clear, but EFE may be linked
to the development of severe cardiomiopathy.

A subset of patients with CHB may in fact develop late-onset DCM
(approximately 4e8%) (Izmirly et al., 2011; Eliasson et al., 2011, 2015;
Eronen et al., 2000; Moak, 2001). Biopsy revealed hypertrophy, interstitial
fibrosis, and rarely myocyte degeneration. A majority of affected children die
from congestive heart failure or require cardiac transplantation, while a re-
covery was reported in few cases (Moak et al., 2001).

5.2 Non-Cardiac Manifestations

A skin rash can be present in the neonatal period, but more frequently it ap-
pears between the second and third month of life (Neiman et al., 2000). Unlike
CHB, it disappears with the clearance of maternal autoantibodies from the
baby’s circulation, usually without any residuals. The rash is erythematous and
scaly, similar to subacute cutaneous lupus erythematosus (and this is the origin
of the name “Neonatal Lupus”). It is frequently annular in shape, and mostly
located in sun-exposed area with a characteristic predilection for the peri-
orbital area. Ultraviolet exposure may be an exacerbating factor. Data
regarding skin pathology are scanty. Peñate described five cases and reviewed
the literature, observing vacuolar alteration at the dermoepidermal interface
and adnexal structures. Some cases exhibit a superficial and deep perivascular
and periadnexal lymphocytic infiltrate without epidermal alteration (Peñate
et al., 2009). Since these lesions are self-limiting, usually no treatment is
required.

Regarding laboratory abnormalities, anemia, thrombocytopenia, and neu-
tropenia have been described (Kanagasegar et al., 2002). Hepatic involvement
has also been described (Laxer et al., 1990; Lee et al., 1993): it can vary from
asymptomatic increase in transaminases to severe cholestasis. This has been
noted to be present at birth in some cases but has not been clinically evident
until several weeks in others. We observed hematologic abnormalities in 27%
of the babies and elevation of liver enzymes in 26%. As for skin rash, these
manifestations are transient and usually do not need medical treatment.

At variance with previous studies, Motta observed a low frequency of
hematologic abnormalities and no cases of hepatobiliary disease in 50 infants
(Motta et al., 2007).
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Neurological manifestations have been reported in NL syndrome: hydro-
cephalus and macrocephaly have been occasionally suggested; furthermore the
presence of maternal anti-Ro/SSA antibodies per se might be associated with
learning disabilities in the offspring.

Animal (Huang et al., 2001; Matthews, 2000) and human (Abbasi et al.,
2000) observations suggest that repeated antenatal steroid doses can interfere
with the development of the immature brain, suggesting that dexamethasone
may negatively affect the child’s neuropsychological development. In light of
these findings CHB babies who are both treated in utero with high-dose
dexamethasone and exposed to maternal anti-Ro/SSA antibodies could be at
risk for neurodevelopmental defects. We have therefore tested 16 CCHB pa-
tients for neuropsychological development, IQ, and learning disabilities. The
children had been exposed in utero to a mean dose of 186.6 mg of dexa-
methasone. IQ levels were always normal; only one child had a learning
disability, of borderline clinical significance, but this child had never been
exposed to dexamethasone (Brucato et al., 2006).

The issue has been further studied. Questionnaires related to neuropsy-
chiatric development were sent to all mothers enrolled in the Research Reg-
istry for NL. Controls consisted of healthy friends; 121 anti-Ro exposed
children and 22 friend controls were studied. Forty percent of the anti-Ro
exposed children were reported to have a neuropsychiatric disorder,
compared with 27% of the friend controls (p ¼ .34). The prevalence of
depression, anxiety, developmental delays, learning, hearing, and speech
problems were not significantly different between groups. Parental reporting of
neuropsychiatric abnormalities was high in anti-Ro exposed children,
regardless of the NL manifestation. However, it did not reach significance
(Askanase et al., 2010).

Medical records of a Swedish cohort of siblings with (n ¼ 60) and without
(n ¼ 54) CHB born to anti-Ro/SSA-positive mothers were retrieved from
primary healthcare centers. Impaired neurodevelopment was reported in 16%
(18/114) during the follow-up of 13 years. Reported problems included speech
(9%), motor (8%) and learning (8%) impairment, attention deficit (5%), and
behavioral impairment (4%). Learning impairment was significantly influ-
enced by maternal SLE (p < .005), while attention deficits was influenced by
both maternal SLE (p < .05) and CHB in the child (p < .05). The authors
concluded that, in addition to well-established factors, such as male sex and
being born preterm, both maternal SLE and CHB may influence
neurodevelopment.

The Canadian group confirmed these reassuring findings by performing a
prospective, blinded assessment of the cognitive functioning of children aged
6e16 years, exposed in utero to maternal anti-Ro antibodies. The population
consisted in the following three groups: subjects free from CHB and from
prenatal dexamethasone treatment (n ¼ 14); CHB affected, without having
received prenatal treatment (n ¼ 10); and CHB subjects, despite with prenatal
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dexamethasone treatment (n ¼ 16). Parameters evaluation included abstract
intelligence, visual perceptual and motor skills, auditory and visual attention,
verbal learning and memory, visual memory, executive function, and behavior.
All cohorts scored within the normal range and were not significantly different
in any domains. There were no relevant associations between the neuro-
cognitive function scores, the minimal fetal heart rate, and either the duration
or dosage of dexamethasone therapy (Kelly et al., 2014).

Despite the possibility that repeated courses of dexamethasone may be
detrimental to the newborn’s neurodevelopment, a child’s final intellectual
maturation remains a complex process, involving the interplay of biological,
social, and cultural factors. The Canadian group and the writing authors did
not notice negative effects on the neurodevelopment patients, sometimes
exposed to very high doses of dexamethasone (much higher than those used to
enhance fetal lung maturity). CHB is a rare disease, but these reassuring
findings might be clinically relevant, even more for the reason that a large
number of newborns are often treated with repeated courses of antenatal
fluorinated steroids to induce fetal lung maturity.

6. TREATMENT

There is no known effective therapy for CHB. Prenatal interventions try to
diminish the autoimmune response and/or the cardiac inflammatory injury and
increase fetal heart rate.

6.1 Fluorinated Corticosteroids

Fluorinated corticosteroids (FS) (dexamethasone and betametasone) are
frequently used, since they are not metabolized by the placenta and are avail-
able to the fetus in an active form. Steroid therapy has been reported as
potentially effective in the resolution of inflammatory signs (pleural effusions,
ascites, and hydrops) in some case reports (Raboisson et al., 2005) and in a
recently published paper (Ho et al., 2015). Two systematic retrospective ana-
lyses of major NL registries (the American and the French one, respectively),
however, showed that this kind of treatment is not able to revert third-degree
heart block, presumably due to the fibrosis of conducting system (Levesque
et al., 2015; Izmirly et al., 2015). These data are aligned with previous publi-
cations. A European task force reported 175 fetuses outcome; among them, 67
cases (38%) were treated with fluorinated CS. In the steroid-treated arm, in-
trauterine survival was 91%: a percentage superposable to those of nontreated
subjects (Eliasson et al., 2011). The Canadian group came to an opposite
conclusion. They observed 37 cases of fetal CHB. Twenty-one fetuses were
treated with dexamethasone and had a 1-year survival rate of 90%, compared
with a 46% rate of patients free from FS treatment (p < .02). Immune-mediated
conditions (myocarditis, hepatitis, cardiomyopathy), resulting in postnatal death

76 The Heart in Systemic Autoimmune Diseases



or heart transplantation, were significantly more common in untreated subjects,
compared with FS-treated patients (0/18 vs. 4/9 live births; p < .007) (Jaeggi
et al., 2004). The American group recently published a large retrospective study
to evaluate whether fluorinated steroids given to manage isolated advanced
block prevented development of disease beyond the AV node and found that
fluorinated steroids did not confer a survival benefit. They studied fetuses with
isolated advanced heart block in utero who either received fluorinated steroids
within 1 week of detection (n ¼ 71) or no treatment (n ¼ 85). Outcomes
evaluated were development of EFE, DCM, and/or hydrops fetalis; mortality;
and pacemaker implantation. In Cox proportional hazards regression analyses,
fluorinated steroids did not significantly prevent development of disease beyond
the AV node (adjusted HR ¼ 0.90; 95% CI 0.43e1.85; p ¼ .77), reduce mor-
tality (HR ¼ 1.63; 95% CI 0.43e6.14; p ¼ .47), or forestall/prevent pacemaker
implantation (HR ¼ 0.87; 95% CI 0.57e1.33; p ¼ .53). No risk factors for
development of disease beyond the AV node were identified. The authors
concluded that their data do not provide evidence to support the use of fluo-
rinated steroids to prevent disease progression or death in cases presenting with
isolated heart block (Izmirly et al., 2015).

A particular case is the possible role of fluorinated steroids in the regres-
sion of second-degree AVB. Permanent reversal of fetal second-degree AVB is
rare, and only two cases of spontaneous resolution of second-degree AVB in
fetuses of anti-Ro/SSA positive mothers have been reported (Izmirly et al.,
2011; Levesque et al., 2015), whereas cases of reversal after steroid treatment
have been described (Raboisson et al., 2005; Izmirly et al., 2011; Eliasson
et al., 2011) (see Table 3.1).

However, to differentiate incomplete from complete AVB is very difficult
in utero, requiring a particular expertise.

Overall also fetal cardiologists have no reached a consensus on treatment:
some authors suggest FS use (Jaeggi et al., 2004), whereas others discourage it
(Lopes et al., 2008), even in the most severe cases (Eliasson et al., 2011).

As previously reported, repeated courses of steroids are known to poten-
tially induce harmful side effects in both mother and child. The negative ef-
fects seem to be more linked to dexamethasone use: since that, betamethasone
use, when available, is preferred. A past Cochrane review showed that only
betamethasone, and not dexamethasone, significantly reduces neonatal mor-
tality (Crowley, 2000). On the other hand, a more recent Cochrane review
observed that dexamethasone may have some benefits, compared with beta-
methasone: namely, less intraventricular hemorrhage and a shorter length of
stay in the neonatal intensive care unit for the newborns (Brownfoot et al.,
2013). Generally speaking, the need of trials comparing the more commonly
used corticosteroids is absolutely urgent.

Therapy choice, at the end, remains based on expert opinion. In the case of
an incomplete block (e.g., second-degree), fluorinated corticosteroids 4 mg
(once or twice daily) to the mother are often started, with a note of caution:
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differentiating incomplete from complete AVB may be difficult in utero. In
particular a differential diagnosis is blocked atrial premature contractions
versus second-degree AVB, and the former is a normal variant probably and
resolves spontaneously. If the block is recent (the more common clinical sit-
uation), some clinicians start FS as well; the dose is tapered and FS are dis-
continued if no change occurs after some weeks. If the block is associated with
signs of myocarditis, heart failure, or hydropic changes, FS is once more
recommended. If the block is complete and established from more than
2e4 weeks, with no effusions and no signs of hydrops, only serial echograms
might be performed, since no evidence of effective therapy is available.

6.2 Other Possible Therapies

Some positive neonatal outcomes were reached by intravenous immunoglob-
ulin (IVIG) administration. Ruffatti treated two consecutive cases of anti-Ro/
La-related second-degree block with betamethasone (4 mg/day), weekly
plasmapheresis, and IVIG (1 g/kg), administered every 15 days. This regimen
was started shortly after CHB was detected and then continued until delivery.
The newborns, too, were treated with IVIG (1 g/kg) fortnightly until anti-Ro/
La antibody levels became undetectable. In both cases, second-degree AVB
reverted to a stable sinus rhythm with a first-degree AVB. The tricky and very
important point, however, is that other authors reported similar outcomes even
without any therapy (Lopes et al., 2008).

The group of David, similarly, administered IVIG to prevent progression of
incomplete early AVB, at the dose of 400 mg/kg/d for 5 days; after two
maternal infusions, fetal heart rate reverted to sinus rhythm (David et al.,
2010). Brucato treated two fetuses with incomplete AVB with IVIG, without
any benefit (Brucato, 2011a,b).

Probably, IVIG might be useful in treating fetal myocarditis. Brucato
treated with IVIG (400 mg/kg/d for 5 days) a mother whose fetus had CCHB
and clear echocardiographic evidence of myocarditis: the myocarditis quickly
resolved, but the complete AVB persisted (Brucato, 2011a,b). The therapeutic
efficacy of IVIG use in the early treatment of complete or incomplete AVB is
still under debate (David et al., 2010; Kaaja and Julkunen, 2003).

On the other hand, IVIG were found ineffective in preventing the recur-
rence of CHB in women who previously had a fetus with NL; in examined
papers, IVIG were administered at a replacement dose, not a true antiin-
flammatory dose: 400 mg/kg at weeks 12, 15, 18, 21, and 24 of pregnancy
(Pisoni et al., 2010; Friedman et al., 2010).

In another study IVIG was also effective in treating fetuses with EFE.
Terbutaline or salbutamol, selective beta 2 adrenergic agonists, may

increase the fetal heart rate, improving ventricular function. In particular, they
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may have an importance role as “bridge therapy,” in order to reach a more
advanced gestational age and a safer baby weight (Fesslova et al., 2003).
Salbutamol can be given orally to the mother, at a dosage of 2 mg 6 to 10 times
daily, according to maternal compliance.

HCQ is an inhibitor of toll-like receptor (TLR) ligation. TLR signaling
involvement has been frequently suggested (Brucato et al., 2003) and recently
confirmed as fundamental in the pathogenesis of cardiac NL, thus representing
a potential target for prevention of the disease (Clancy et al., 2015).

Two retrospective case-control studies showed a benefit of HCQ in lowering
the risk of CHB (Izmirly et al., 2010a,b, 2015). The first study was limited to
children born to Ro/SSA positive SLE mothers, including 50 cardiac NL cases
and 151 noncardiac NL controls (Izmirly et al., 2010a,b). Seven (14%) cardiac
NL children were exposed to HCQ, compared with 56 (37%) controls
(p ¼ .002; OR ¼ 0.28). A successive study was performed to evaluate HCQ
independent of maternal disease (Izmirly et al., 2015): 257 pregnancies were
evaluated, collected among women who previously gave birth to children with
cardiac NL (40 exposed, 217 unexposed to HCQ). The recurrence rate of CHB
in fetuses exposed to HCQ was 7.5% (3/40), compared with 21.2% (46/217) in
the unexposed group (p ¼ .05). There were no deaths in the HCQ exposed
group, compared with a case fatality rate of 22% in the unexposed group. These
data suggest that HCQ may exert a protective action to fetus. HCQ has been
used safely and regularly during pregnancy and has been associated with pre-
vention of SLE flares (Levy et al., 2001; Clowse et al., 2006).

The Preventive Approach to Congenital Heart Block with Hydroxy-
chloroquine (PATCH) is an open-label prospective trial, currently recruiting, in
order to assess the utility of HCQ to prevent the recurrence of CHB in high-
risk women with a previously affected child (ClinicalTrials.gov).

6.3 Postnatal Treatment

Postnatal treatment of CCHB is based on pace-maker implantation, frequently
in the neonatal period; the device is implanted by thoracotomy route, with an
electrode on the epicardial surface connected to an impulse generator placed in
an abdominal subfascial pouch. In the presence of extreme bradycardia,
isoproterenol (0.1e0.3 mcg/kg/min) may be administered as well. Pacemaker
implantation in these preterm infants should not be considered a routine, but a
surgical procedure to be used in presence of clinical conditions requiring
pacing (heart failure, failure to thrive) (Fesslova et al., 2009). The percentage
of paced children is reported in Table 3.1, and ranges from 50% to 80%.

Non cardiac NL manifestations, such as skin rash or hematology abnor-
malities, do not require any specific treatment: in fact, they spontaneously
disappear, usually during the second semester of life.
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7. OBSTETRIC MANAGEMENT OF PREGNANCIES AT RISK
OF DEVELOPING CCHB

Awoman is at risk if she is definitely anti-Ro/SSA positive. If the positivity is
uncertain, or the titer is very low, we advise to confirm it with standard
methods or in reference laboratories.

The management of anti-Ro/SSA positive women is based on expert
opinion. Routine management might differ from management in research
centers. Protocols vary from weekly serial sonograms to no particular
screening (Brucato et al., 2011a,b).

Most centers perform serial echocardiograms and obstetric sonograms at
least every 1 weeks starting from the 16 weeks gestation. The goal is to detect
early fetal abnormalities, such as mechanical PR prolongation (first-degree
AVB), echodensities, pericardial or pleural effusions, decreased contractility,
valvular regurgitations, that might precede complete AVB and that might be a
target of preventive therapy.

Prophylactic therapy with dexamethasone or betamethasone is not rec-
ommended, because of the low risk of CCHB and the potential side effects
(Costedoat-Chalumeau et al., 2003). Other steroids are not useful since they do
not cross the placenta in active form.

8. PROGNOSIS

8.1 Infants

CCHB is a severe disease (Table 3.1). Mortality, usually in utero or in the first
three months of life, can reach 30%. In perinatal life pacemaker implantation
is considered only if clinically indicated, while in the following years pro-
phylactic pacemaker treatment might be considered even in asymptomatic
patients because of unpredictable Stokes-Adams attacks; overall 60e70% of
these children are paced (Brito-Zéron et al., 2015; Eliasson et al., 2011).

Median age at pacemaker implantation was 3.2 years in 127 Swedish
children (Eliasson et al., 2015).

The probability to develop left ventricular disfunction or cardiomyopathy
over time is 4e18% (Izmirly et al., 2011; Eliasson et al., 2011; Eronen et al.,
2000; Moak et al., 2001; Eliasson et al., 2015; Levesque et al., 2015).

After pacemaker implantation, most of these children can live an almost
normal life. The possibility for these children to develop SLE or another
connective tissue disease in later life seems to be rare (Brucato et al., 1995;
Martin et al., 2002), not higher than in asymptomatic children of mothers with
autoimmune diseases (Martin et al., 2002; Cimaz, 2004).

8.2 Maternal

Most mothers are asymptomatic at the time of NL detection. In a review of 856
mothers more than half were classified as asymptomatic, and in the remaining
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cases SLE or primary Sjogren’s syndrome were diagnosed in the majority of
cases (Brito-Zerón et al., 2015).

The long-term prognosis of these mothers is good, since only half of them
eventually develop a connective tissue disease, mild and non-life-threatening
in most cases (Brucato et al., 1995; Julkunen et al., 1993; Press et al., 1996).

Rivera showed that the probability of an asymptomatic mother developing
SLE by 10 years was 18.6%, and developing probable/definite Sjogren was
27.9%.

9. OTHER PREGNANCY OUTCOMES IN WOMEN WITH
ANTI-RO/SSA ANTIBODIES

It is not clear if anti-Ro/SSA antibodies are linked to other adverse pregnancy
outcomes, both in (SLE) and in non-SLE women. Most of the available data
come from retrospective studies. In a large multicenter study we have pro-
spectively followed 100 anti-Ro/SSA positive women (53 SLE) and 107 anti-
Ro/SSA negative women (58 SLE) (Brucato et al., 2002). Mean gestational
age at delivery (38 vs. 37.9 weeks), pregnancy loss (9.9% vs. 18.6%), preterm
birth (21.3% vs. 13.9%), cesarean sections (49.2% vs. 53.4%), preeclampsia
(6.6% vs. 8%), and intrauterine growth retardation (0% vs. 2.3%) were similar
in anti-Ro/SSA positive and negative mothers: we concluded that anti-Ro/SSA
antibodies cause CHB but do not affect other pregnancy outcomes, both in
SLE and in non-SLE women.

10. ANTI-RO/SSA NEGATIVE CHB

Anti-Ro/SSA negative cases of fetal AVB have been reported. Of course the
possible explanation is incomplete testing, mainly in cardiological series
(Brito-Zerón et al., 2015). Still we studied 45 consecutive unselected cases
with a wide battery of tests in a multilab workup, and 9 (20%) were definitely
anti-Ro/SSA negative. These blocks are more often incomplete, and infant
deaths more often occurred from noncardiac causes (Brucato et al., 2009).
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1. INTRODUCTION

Key points

l Compared to the general population, patients affected by systemic auto-
immune rheumatic diseases carry an increased risk of developing cardio-
vascular comorbidities, which occur earlier than in the general population.

l This could be explained by the interrelation between traditional and spe-
cific disease-related cardiovascular risk factors that accelerate the pro-
gression of atherosclerosis.

l The spectrum of cardiovascular manifestations includes myocardial
infarction, congestive heart failure, and cerebrovascular accidents.

Evidence collected in the last 2 decades suggests that, compared to the
general population, patients affected by systemic autoimmune rheumatic dis-
eases (SADs) carry an increased risk of developing cardiovascular (CV)
comorbidities in a context of accelerated atherosclerosis. Moreover, CV
manifestations occur earlier than in the general population, thus having a
relevant effect on mortality of patients with SADs (Nurmohamed et al., 2015;
Avina-Zubieta et al., 2012). This is explained by the coexistence in this group
of patients of a high prevalence of traditional (such as hypertension, dyslipi-
demia, diabetes) and specific disease-related risk factors that accelerate the
progression of vascular damage. In this context, not only inflammatory
mechanisms and immunologic abnormalities, but also genetic factors and
treatment effects may contribute to CV comorbidities (Hollan et al., 2013).
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However, the processes that are responsible for accelerated atherosclerosis in
SADs remain incompletely understood.

In the present chapter we will summarize the spectrum of CV manifesta-
tions affecting patients with SADs, with a specific focus on early vascular
damage and the effects of therapeutic interventions.

2. EPIDEMIOLOGY AND ROLE OF TRADITIONAL RISK
FACTORS

2.1 Rheumatoid Arthritis

Several clinical studies showed that rheumatoid arthritis (RA) is associated
with a significant increase in the risk of CV mortality (up to 50%) (Avina-
Zubieta et al., 2008), reaching a level similar to what is predicted in patients
with type 2 diabetes (Prasad et al., 2015; Peters et al., 2009).

Unlike than expected, the highest relative CV risk is observed in
younger people (less than 55 years old) and women, independently from the
presence of traditional risk factors (Symmons and Gabriel, 2011; Bartoloni
et al., 2010). This is especially the case for RA patients with extraarticular
manifestations and high level of disease activity. A clear association between
CV comorbidity and time-average disease activity has been demonstrated
(Solomon et al., 2015).

Of note, CV risk mortality in patients with RA is increased not only in
long-lasting disease, but also within the first 5 years after the diagnosis and,
according to the most recent evidence, even before the onset of RA symptoms
(Bartoloni et al., 2010). Some studies showed that atherosclerosis may quicken
in the preclinical phase of RA, and CV events can occur even within the first
year after RA diagnosis (Kerola et al., 2012; Kremers et al., 2008).

CV events include myocardial infarction (MI), congestive heart failure
(CHF), and cerebrovascular accidents (CVA). In order to analyze the occur-
rence of MI, CHF, and CVA in RA, Avina-Zubieta et al. have screened several
observational studies and databases. They described in both women and men
an overall 48% increase in the incidence of CV events, with an estimated
relative risk (RR) for MI and CHF of 1.68 and 1.87, respectively. These studies
also showed a relative lower incidence of CVA (RR 1.41), thus suggesting a
differential involvement of the brain and the heart during the RA progression
(Avina-Zubieta et al., 2012).

Ischemic heart disease is the most frequent cause of CV death in patients
with RA. As mentioned earlier, the incidence of MI in these subjects is more
than two-fold compared with age- and sex-matched individuals without RA
(Hollan et al., 2013; Prasad et al., 2015). In particular, RA is associated with a
higher risk of death at 30 days (Van Doornum et al., 2006), together with an
increased risk of sudden cardiac death (two-fold excess) and unrecognized MI
(Symmons and Gabriel, 2011). Ischemic heart disease in RA patients is often
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clinically silent, with a low frequency of the typical symptoms of angina and
can precede the clinical onset of the rheumatic disease (Maradit-Kremers
et al., 2005). This is in agreement with the demonstration that systemic
inflammation and immunologic abnormalities can precede many years of the
clinical diagnosis of RA. The cardiac vascular damage is mainly characterized
for the presence of microvascular dysfunction, with a relatively low prevalence
of advanced atherosclerotic lesions and obstructive coronary artery disease
(Toutouzas et al., 2013). Consequently, there is a less frequent use of coronary
artery by-pass grafting in RA patients as compared to other populations
(Maradit-Kremers et al., 2005).

Patients with RA have also increased risk of CHF, which arises indepen-
dently from the presence of traditional CV risk factors (Prasad et al., 2015;
Symmons and Gabriel, 2011). When compared with CHF observed in the
general population, the disease occurring in RA patients is characterized by
low prevalence of the typical signs/symptoms, presence of preserved ejection
fraction and worse clinical outcome (in particular a two-fold excess of sudden
death) (Davis et al., 2008).

Other cardiac manifestations commonly seen in RA patients are valvular
and pericardial disorders, in particular mitral regurgitation, which affects up to
80% of the patients, and pericarditis, which are generally clinically silent (Van
Doornum et al., 2010). Patients with cardiac rheumatoid nodules can also have
ECG abnormalities such as ST segment depression (Kremers et al., 2008) or
QT dispersion (Peters et al., 2009) that have been both associated with a high
risk of ventricular arrhythmias and sudden cardiac death.

The role played by traditional risk factors in determining the CV risk
profile of RA patients is still a matter of debate. Although their prevalence is
higher in patients with RA the actual association with CV disease progression
is weaker than expected (Skeoch and Bruce, 2015). Dyslipidemia is commonly
observed in RA patients and it is characterized by a particular lipid profile with
reduced levels of both LDL and HDL cholesterol. Of note, HDL usually
presents a greater decline than LDL levels, thus generating a more atherogenic
profile (Nurmohamed et al., 2015; Skeoch and Bruce, 2015). This phenome-
non is known as the “lipid paradox,” according to which the reduction of LDL
levels is associated with a higher risk of CV events. In particular, it has been
postulated that inflammation could modify lipid function and structure,
altering the cholesterol efflux capacity of HDL and leading to an impairment
of their antiatherogenic function (Charles-Schoeman et al., 2012). Therefore,
this phenomenon is particularly evident among RA patients with high disease
activity, where elevated systemic inflammation might negatively impact lipid
metabolism. Of interest, several studies described the existence of a “pro-
inflammatory” phenotype of HDL, the so-called “piHDL.” These particles
seem to be associated with the circulating levels of several inflammatory
molecules such as fibrinogen, haptoglobin, and complement factors, and might
actively contribute to the accelerated atherosclerosis. In addition, a high
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inflammatory activity of the disease has been associated with the loss of
antioxidant functions of HDL (Charles-Schoeman et al., 2012). Hypertension
is one of the most important risk factors for CV disease and the development
of subclinical atherosclerosis and cardiac organ damage. There are conflicting
data regarding the prevalence of hypertension in RA. Some studies indicate
that hypertension is increased in RA patients compared with the general
population (Panoulas et al., 2008), whereas other investigations showed a
similar prevalence of hypertension in subjects with or without RA (Boyer
et al., 2011). Moreover, according to other evidences hypertension seems to be
underdiagnosed and undertreated in patients with RA (Boyer et al., 2011). In
particular, Protogerou et al. found a global 54% prevalence of hypertension
among RA patients, with 10% of the subjects unaware of being hypertensive
and 29% with uncontrolled hypertension. The same authors also found that the
“white coat” phenomenon was very common in this population (one of every
five patients) and that was associated with the presence of subclinical vascular
damage (Protogerou et al., 2013). Several clinical data also suggest that there
is no correlation between the presence of hypertension and the disease activity
(Panoulas et al., 2008). Nevertheless, some mechanisms have been proposed to
explain the increase in blood pressure observed in RA patients, including the
corticosteroid use and the vascular effects of circulating inflammatory medi-
ators (Panoulas et al., 2008).

Several studies also found an increased prevalence of diabetes in RA pa-
tients, compared with the general population (Boyer et al., 2011). In particular,
a strong correlation between high disease activity, seropositivity to rheumatoid
factor (RF), and insulin resistance has been described, suggesting a central role
for inflammation in the pathogenesis of insulin resistance (Chung et al., 2008).
In agreement with this possibility, it has been shown that antiinflammatory
treatments [in particular TNF inhibitors and hydroxychloroquine (HCQ)] can
reduce insulin resistance and that this positive effect was more evident among
patients with normal body mass index (BMI) (Stavropoulos-Kalinoglou et al.,
2012). Although the prevalence of central obesity is higher in patients with
RA, there are evidence showing that subjects with low BMI (<20 kg/m2) have
increased risk of CV disease and death when compared to individuals without
RA and normal BMI. This is probably due to a correlation between high
disease activity and the catabolic state, in which muscle mass is destroyed
more rapidly than fat (rheumatoid cachexia) (Kremers et al., 2004).

2.2 Systemic Lupus Erythematosus

As described for RA, patients affected by systemic lupus erythematosus (SLE)
display an increased risk of CV disease. The latter is correlated with the
disease duration, average disease activity, the titer of anti-dsDNA, and corti-
costeroid therapy. CV events are more frequent in young people (less than
40 years old) although a bimodal mortality pattern has been described. In

92 The Heart in Systemic Autoimmune Diseases



particular, the first peak occurs within 3 years after the diagnosis and it is
mainly associated with the disease activity; the second peak instead occurs
later and mainly reflects the impact of the CV diseases. While the first peak
has been reduced by the improvement in the management of SLE complica-
tions, the second peak remains the main cause of death in these patients
(Schoenfeld et al., 2013).

Although traditional CV risk factors are present in SLE patients, some
SLE-specific risk factors have been associated with CV mortality. These
include C-reactive protein (CRP), cytokines, antiphospholipid antibodies, and
other autoantibodies (Doria et al., 2005).

Similar to RA, several clinical studies observed an increased risk of MI in
SLE patients (2- to 10-fold increase) especially among younger people, who in
fact carry the higher relative risk. Interestingly, unlike than expected, CV risk
is particularly elevated among young women, especially among those in the
premenopausal age, who have the higher relative risk of MI (8.7-fold in-
crease). No differences in CV risk have been described between older SLE
patients and controls (Schoenfeld et al., 2013).

SLE is often associated also with ventricular hypertrophy and cardiomy-
opathy. The negative cardiac remodeling can be due to traditional risk factors
such as hypertension, but also can be in some cases attributed to pharmaco-
logical treatment (such as hydroxychloroquine). As for the ischemic disease,
the risk of CHF is particularly elevated among younger SLE patients
(18e44 years old) (Roman and Salmon, 2007).

Valvular manifestations, such as valvular regurgitation and other abnor-
malities are very frequent during SLE (>50%). In particular, valvular nodules
and endocarditis are the most common valve diseases but they are often
clinically silent and underdiagnosed (Roman and Salmon, 2007). Libman-
Sacks endocarditis, which is characterized by nonbacterial vegetations, oc-
curs in mitral (15%) or aortic (19%) valve and it is often correlated with
positivity for antiphospholipid antibodies. Pericarditis is commonly seen in
SLE patients (20e50%) but they are usually mild without significant cardiac
tamponade (Owlia et al., 2012). Sinus tachycardia, atrial fibrillation, and
ectopic atrial beats are frequently seen in patients with SLE and are often
correlated with the disease activity. Moreover, the presence of antibodies for
small cytoplasmic ribonucleoproteins has been associated with development of
sinus bradycardia and prolonged QT interval (Lazzerini et al., 2011).

The prevalence of stroke, both ischemic and hemorrhagic, is increased in
SLE patients compared to healthy individuals (10e15% of deaths) and it is
accompanied by a worse clinical outcome. The higher relative risk was
observed, once again, in younger people and the presence of traditional risk
factors, such as hypertension, is not sufficient to explain this clinical outcome.
Other SLE-specific risk factors such as intracranial vasculitis, antiphospholipid
syndrome, valvular immune deposits, and others, might play an important
pathogenic role (Holmqvist et al., 2015).
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SLE patients with CV manifestations present less frequently traditional
risk factors as compared to the general population. In line with findings in RA
patients, also in SLE the relative contribution of classic risk factors to CV
disease is weaker. According to several studies, the presence of dyslipidemia
in SLE and in the general population is similar. Data derived from Urowitz
et al. (2007, 2008) reported a prevalence of lipid disorders in SLE patients
ranging from 36.3% at diagnosis and 60% after the first 3 years with the more
severe dyslipidemia occurring in patients with chronic kidney disease (lupus
nephritis) (Chong et al., 2011). Nevertheless, the interaction between SLE and
lipid abnormalities can produce a synergistic pathogenic effect that explains
the higher risk of MI observed in these patients. SLE patients display a
peculiar lipid phenotype called “lupus pattern of dyslipidemia,” which is
characterized by elevated VLDL and triglycerides (TG) as well as reduced
HDL. Of note, this atherogenic pattern is already evident at the moment of
disease diagnosis and the levels of piHDL (proinflammatory phenotype of
HDL) are more elevated in SLE than in RA patients (45% vs. 20%) (Symmons
and Gabriel, 2011). Several pathogenetic mechanisms have been proposed to
explain these modifications, including impaired lipid metabolism induced by
autoantibodies and cytokines [tumor necrosis factor alpha (TNFa)] as well as
the negative impact of some drugs (in particular prednisone therapy) (Wijaya
et al., 2005). Clinical studies also indicate that the prevalence of hypertension
is increased in SLE patients, in particular among women younger than
40 years old (74% during SLE vs. 2.7e14% in the general population).
Pathogenesis of hypertension in SLE is mainly supported by the presence of
hyperrenin state (due to the renal damage) and by the development of auto-
nomic dysfunction (reduction of parasympathetic activity and relative increase
of the sympathetic tone) (Mathis, 2015). Even diabetes and insulin resistance
are more frequent in SLE women than in the healthy controls and are
considered independent risk factors for CV events in these patients
(Schoenfeld et al., 2013).

2.3 Psoriatic Arthritis

Psoriatic arthritis (PsA) is a rheumatic disorder that occurs in 14e30% of
patients with psoriasis (Eder and Gladman, 2015). Although epidemiologic
data are still limited, similarly to psoriasis (PsO), PsA is also associated with
a 40% increase in the risk of CV events, in particular MI and stroke (Eder
et al., 2014). Recent studies reported an overall CV risk in PsA patients higher
than those with PsO alone. Despite the significant contribution to CV
morbidity and mortality of traditional risk factors, such as metabolic and lipid
alterations, PsA per se should be considered as an independent CV risk factor
(Zhu et al., 2012). In this context an important role could be attributed to
PsA-related risk factors such as the disease activity and the extent of systemic
inflammation. As a matter of fact, indicators of disease severity and markers
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of inflammation [such as number of joints involved, erythrocyte sedimenta-
tion rate (ESR), number of dactylitic digits, and leukocyte count] have been
associated with accelerated atherosclerosis and clinical CV manifestations
(Eder et al., 2016).

In a population-based study Husted et al. have found that, compared to
patients with PsO alone, PsA subjects showed higher prevalence of the ma-
jority of the CV traditional risk factors, including hypertension (37.1% vs.
26.5%), dyslipidemia (20.7% vs. 14.5%), and diabetes (12% vs. 6.7%). Other
studies confirmed that hypertension is the most common CV risk factor
observed in PsA and that its prevalence is increased in these patients compared
to the general population (Eder et al., 2016; Husted et al., 2011). The risk of
developing diabetes is elevated in PsA subjects (up to 70%, according to data
derived from Dubreuil et al., 2014) and it is often associated with obesity,
smoking, and alcohol consumption (Zhu et al., 2012). Moreover, patients with
PsA have higher BMI as compared to healthy controls, PsO alone, or RA
patients. The overall prevalence of metabolic syndrome is also increased in
PsA patients and its presence has been shown to correlate with the disease
activity and the levels of serum adipokines (Eder et al., 2012). According to
data derived from Mok et al. (2011b), the risk of developing metabolic syn-
drome is 2.44-fold increased in PsA patients with respect to those with RA or
ankylosing spondylitis (AS). Data on lipid pattern in PsA are controversial. For
instance, some authors described a lipid profile characterized by a reduction in
HDL3 cholesterol with an increase in LDL3 cholesterol, whereas others re-
ported opposite modification with increase in HDL and reduction in total and
LDL cholesterol (Zhu et al., 2012).

2.4 Ankylosing Spondylitis

It is well established that AS represents an independent CV risk factor. AS
patients carry a significant increased risk of CV, in particular for ischemic
heart disease and MI (Szabo et al., 2011). Data derived from a recent
population-based study on a Canadian cohort reported a risk up to 25e60% of
CV disease among AS patients (Szabo et al., 2011). However, in their meta-
analysis, Mathieu et al. observed that nowadays the incidence of MI in AS
is reduced as compared to previous clinical investigations. An opposite trend
was instead observed for the incidence of stroke that is now more elevated than
in the past. These changes are probably due to concomitant improvement in
the recent years in both the clinical management of ischemic heart disease and
stroke diagnosis (Mathieu et al., 2010b). As already previously described in
other rheumatic diseases such as AR and SLE, also younger patients with AS
carry the highest RR for CV events (Szabo et al., 2011). Interestingly, Huang
et al. (2013) found an increased CV risk among patients with recent diagnosis
of the disease, suggesting that atherosclerosis may be accelerated in the pre-
clinical phase of AS.
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Indeed, the risk of developing CV events in AS patients remains high even
after correction for traditional risk factors, suggesting the existence of an in-
dependent pathogenic role for systemic inflammation. This is supported by
data derived from the literature describing an association between the risk of
premature CV death and the disease activity as measured by CRP levels.
Interestingly, it was also shown that women with AS had a lower degree of
inflammation and only men had an increased CV mortality compared to
healthy controls (Berg et al., 2015).

Some authors reported an increased prevalence of heart failure with pre-
served ejection fraction (HFpEF) in AS patients, compared to healthy controls.
It has been hypothesized that inflammatory mechanisms can lead to cardiac
hypertrophy and diastolic dysfunction of the left ventricle, by reducing cardiac
elasticity and compliance. Moreover, inflammatory processes could also lead
to fibrosis of intraventricular septum, causing electrical disturbances such as
ventricular extrasystoles (Nurmohamed et al., 2012).

Aortic insufficiency occurs in the 5e26% of AS patients and it is associ-
ated with early hospitalization. This aortic regurgitation is derived from an
inflammatory process characterized by destruction of elastic tissue and
fibrosis, which involve the aortic root, the ascending aorta, and the valve. The
resulting aortic insufficiency can remain asymptomatic for several years
(Palazzi et al., 2010).

In patients with AS the prevalence of traditional CV risk factors is
increased, but even in this case they can only partially explain the elevated
vascular risk profile of these subjects (Haroon et al., 2015). A “proathero-
genic” lipid pattern has been described in AS patients, which is characterized
by low HDL cholesterol levels and a high total/HDL cholesterol ratio.
Moreover, in their systematic review of the literature, Mathieu et al. (2011)
described the existence of an inverse correlation between HDL cholesterol
levels and the intensity of inflammation.

The prevalence of hypertension among AS patients is increased compared
to healthy subjects. The chronic treatment with nonsteroidal antiinflammatory
drugs (NSAIDs) could lead to organ damage and contribute to increase of
blood pressure in these patients. AS patients also present an elevated preva-
lence of diabetes and metabolic syndrome. Data derived from the literature
about the role of BMI are contrasting. Indeed, while most recent population-
based studies reported a higher BMI in AS subjects (Haroon et al., 2015), other
researches showed reduction in BMI in AS compared to the general population
(Papagoras et al., 2013).

2.5 Systemic Sclerosis

Recent evidences showed that systemic sclerosis (SSc) carries an increased
risk of premature CV death (up to 30%), so that SSc per se and can be
considered an independent CV risk factor. SSc patients have a higher risk of
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hospitalization for CV events and a worse outcome compared to unaffected
controls (Ali et al., 2015). Similar data have been reported by Avina-Zubieta
et al. who highlighted that CV events usually occur in the early phase of the
disease, especially in the first year after the diagnosis. Several mechanisms
have been proposed to explain the increase of CV events in SSc patients.
Besides the well-known macrovascular damage induced by systemic inflam-
mation, microvascular abnormalities per se seem to have an important inde-
pendent role in the pathogenesis of accelerated atherosclerosis (Avina-Zubieta
et al., 2015).

A peculiar characteristic of the CV manifestations in SSc is the frequent
involvement of the right ventricle. According to Meune et al., the right
ventricle is affected early after the diagnosis showing features of diastolic
dysfunction (25% vs. 5% of systolic dysfunction). This occurs regardless of
the presence of pulmonary arterial hypertension and is probably due to a
vascular damage of both heart and lung in the context of the so-called
“myocardial Raynaud’s phenomenon,” a process leading to myocardial
fibrosis (Meune et al., 2015). Patients with diffuse SSc also show a higher
prevalence of atrial arrhythmias (20e30%), especially atrial fibrillation
(Giallafos et al., 2014). The latter is often correlated with left ventricle
dysfunction, left atrial dilatation, and high BNP levels. Unlike the other
rheumatic diseases, the prevalence of traditional CV risk factors among SSc
patients is similar or even lower compared with the general population.
However, some studies showed that even in SSc can be found an increase in
piHDL levels or the presence of a proatherogenic lipid profile (Tsifetaki et al.,
2010).

3. SUBCLINICAL ATHEROSCLEROSIS

Key points

l The presence of early vascular damage can be detected through the mea-
surement of carotid intima-media thickness (CIMT), the analysis of pulse
wave velocity (PWV), and flow-mediated dilatation (FMD).

l The majority of evidence derived from literature reported an increase of
CIMT and PWV and a decrease of FMD in the rheumatic diseases, sug-
gesting the presence of an early vascular damage that precedes the onset of
clinical events.

As mentioned earlier the clinical history of SADs can be characterized
by the development of early vascular damage that precedes the onset of
clinical events. For this reason a precocious detection of subclinical
atherosclerosis can be of importance for the clinical management of these
groups of patients. The presence of early vascular damage can be detected
through noninvasive, simple, and inexpensive methods such as the mea-
surement of carotid IMT (CIMT), the analysis of pulse wave velocity
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(PWV), and of FMD (Table 4.1). In the following paragraphs we will re-
view the evidence about the impact of SADs on arterial disease as estab-
lished through the use of these noninvasive procedures.

3.1 Rheumatoid Arthritis

A number of longitudinal investigations, performed in different clinical set-
tings, clearly demonstrated that CIMT is a reliable marker of preclinical
atherosclerosis and an independent predictor of CV events (Qu and Qu, 2015).
Several studies reported a significant increase of CIMT in RA patients
compared with the general population, even after adjustment for traditional risk
factors. Moreover, this association was evident even among patients without
conventional risk factors or CV symptoms, thus suggesting an independent
effect of RA in generating the vascular injury (Kurt et al., 2015). Clinical
features of RA correlated with CIMT are the African race, age less than
45 years old, a disease duration �5 years and BMI �25 (Wang et al., 2015). As

TABLE 4.1 Markers of Subclinical Atherosclerosis in Rheumatic Diseases

Carotid Intima-

Media Thickness

(CIMT)

Pulse Wave

Velocity (PWV)

Flow-Mediated

Dilatation

Rheumatoid
arthritis

[ (Kurt et al., 2015;
Chatterjee Adhikari
et al., 2012)

[ (Maki-Petaja
et al., 2006;
Kocabay et al.,
2012)

Y (Chatterjee
Adhikari et al.,
2012; Watanabe
et al., 2014;
Gonzalez-Juanatey
et al., 2003)

Systemic lupus
erythematosus

[ (Doria et al.,
2003; Przywara-
Chowaniec et al.,
2014)

[ (Djokovic et al.,
2014; Liu et al.,
2014)

Y (Wang et al.,
2014)

Psoriatic arthritis [ (Di Minno et al.,
2011; Contess
et al., 2009; Mazlan
et al., 2009)

Limited data Y (Puato et al.,
2014; Sharma et al.,
2016)

Ankylosing
spondylitis

Y (Choe et al.,
2008), [ (Mathieu
et al., 2008)

[ (Mathieu et al.,
2008)

Y (Choe et al.,
2008)

Systemic
sclerosis

[ (Turiel et al.,
2013; Au et al.,
2011)

[ (Timar et al.,
2008; Liu et al.,
2011)

Y (Au et al., 2011;
Szucs et al., 2007),
[ (Andersen et al.,
2002)
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for the association between CIMT and disease duration, other authors observed
an increased CIMT also among RA subjects at early stage of the disease
(Chatterjee Adhikari et al., 2012). Conversely, other investigators have ques-
tioned these previous findings and found similar values of CIMT between RA
patients and control subjects. Probably, this discrepancy can be explained by
the difference in disease activity observed among RA patients enrolled in the
different studies. Several researches also evaluated the relationship between the
presence of subclinical atherosclerosis, detected through CIMT, and the levels
of different circulating markers of systemic inflammation, which reflect the
disease activity. However, the data derived from literature are conflicting.
Infact, the strong association described by some authors between CIMT and
serum levels of CRP, erythrocyte sedimentation rate (ESR), interleukin-6 (IL-
6), osteoprotegerin (OPG), and TNFa (Vazquez-Del Mercado et al., 2015) was
not confirmed by others (van Breukelen-van der Stoep et al., 2015). This
suggests that, in addition to systemic inflammation, concomitant immunologic
abnormalities might actively contribute in generating the vascular damage. In
line with this possibility, it has been recently shown that increased levels of RF,
anticyclic citrullinated peptide antibodies and thyroid peroxidase antibodies are
directly associated with CIMT (Raterman et al., 2013). These data also indicate
that autoantibodies may play a role in the pathogenesis of the early vascular
damage observed in RA.

PWV is a noninvasive and inexpensive method to detect arterial stiffness, an
early marker of arterial dysfunction that is strongly correlated with the presence
of endothelial impairment, atherogenesis and arterial fibrosis/calcification.
PWV is inversely correlated to arterial compliance and represents an inde-
pendent predictor of future CV events. Data collected in RA patients have
shown that subjects affected by the rheumatic disease had a significant increase
in aortic PWV, compared to healthy controls (Maki-Petaja et al., 2006). Of
note, this alteration was also evident among patients with early RA, suggesting,
once again, that arterial degenerative processes occur at early stages of the
disease (Kocabay et al., 2012). The relationship between PWV and systemic
inflammation remains unclear. According to some studies, arterial stiffness is
directly correlated to circulating levels of markers of inflammation and disease
duration. However, other authors did not confirm these data and described
instead the presence of a current but nonpersistent association (Maki-Petaja
et al., 2006). Interestingly, Turkyilmaz et al. reported in early RA an associa-
tion between PWV and increased serum levels of YKL-40. The latter is a
glycoprotein that can be considered as a potential biomarker of endothelial
dysfunction and local inflammation (Turkyilmaz et al., 2013).

FMD is a noninvasive approach to detect the endothelial impairment
occurring at the early phases of atherogenesis. Several studies showed that
FMD is significantly lower in RA patients than healthy controls. These dif-
ferences remained significant even after correction for traditional risk factors,
thus suggesting that the impaired vascular function is independently correlated
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with the presence of RA (Chatterjee Adhikari et al., 2012). Reduction in FMD
is also evident in early RA and it is directly associated with the activity and the
duration of the disease (Watanabe et al., 2014), although some studies indi-
cated that FMD is impaired in patients with both high and low disease activity
(Gonzalez-Juanatey et al., 2003). The studies that have correlated in RA the
presence of both structural (CIMT) and functional (FMD) damage returned
conflicting evidence. In fact, while previous works did not find statistically
significant relationships between CIMT and FMD (Gonzalez-Juanatey et al.,
2011), other studies described a positive correlation between the presence of
carotid lesions and endothelial dysfunction, an association that was mainly
dependent on disease duration (more evident after 7 years from diagnosis)
(Mohan et al., 2014). Interestingly, Temiz et al. recently reported in RA pa-
tients an association between FMD, CIMT, and the thickness of the epicardial
adipose tissue. The latter is a surrogate of visceral adiposity, which is also
increased in RA and it is correlated to the risk of CV events (Temiz
et al., 2015).

3.2 Systemic Lupus Erythematosus

Studies performed in SLE subjects showed that CIMT can be considered a
predictor of future CV events, in analogy with observations in RA patients
(Kao et al., 2013). Clinical investigations also showed that SLE patients have a
significantly higher CIMT and increased incidence of atherosclerotic plaques
as compared to healthy controls (Doria et al., 2003). Some authors reported a
difference of 0.2e0.3 mm between CIMT of patients with SLE and control
individuals (Przywara-Chowaniec et al., 2014), an increment that can translate
in more than 10e15% increase in the risk of MI (Lorenz et al., 2007). Of note,
SLE women not only develop carotid plaques earlier, but also display a faster
disease progression. A population-based study performed by Leonard et al.
evaluated the role of conventional CIMT to detect the presence of athero-
sclerotic plaques in SLE premenopausal women. They found that SLE patients
have a decrease in the thickness of the carotid media layer and an increase in
the intima layer, resulting in a higher intima/media ratio (Leonard et al., 2011).
Although the correlation between CIMT, classical risk factors and systemic
inflammatory markers remains nowadays unclear, SLE per se can probably be
considered an independent risk factor for early carotid vascular damage. While
several population-based studies reported a significant association between
CIMT and both classical (such as increased BMI, dyslipidemia, and hyper-
tension) (Gheita et al., 2013) and SLE-related risk factors (such as disease
duration/activity and age at onset) (Hassan et al., 2013), others investigators
did not confirm these findings (Belibou et al., 2012). For instance Kisiel et al.
(2015b) and Kiani et al. (2011a) showed a direct, positive association between
CIMT and disease duration, but not with disease activity. In addition,
Ammirati et al. (2014) found that SLE patients with higher CIMT had an
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increase in BMI and systolic blood pressure (SBP), without showing associ-
ations with disease duration, age at the onset, or levels of systemic inflam-
matory markers, such as CRP. Djokovic et al. (2014) demonstrated that the
presence of antiphospholipid antibodies represents an independent predictor
for higher CIMT regardless of the prevalence of traditional risk factors. A
study performed by our group in 78 SLE patients showed a 17% and a 28%
prevalence of carotid plaques and CIMT, respectively. We also observed that
prednisone cumulative dose, chronic kidney disease, and SLE disease activity
were the most important SLE-related risk factors for subclinical atheroscle-
rosis (Doria et al., 2003). The conflicting data derived from the literature could
be explained by the presence of a complex interplay between conventional CV
risk factors, inflammation, and immunologic alterations, that can have inde-
pendent or synergistic effects during the atherogenic process.

Compared to healthy subjects, SLE patients also showed increased aortic
PWV. In particular, Liu et al. (2014) demonstrated that, regardless of disease
duration, instantaneous wave intensity, used to measure carotid elasticity, was
higher in SLE premenopausal women without cardiovascular risk factors. In
SLE, small artery elasticity (SAE) is also impaired and significantly associated
with SLE-related risk factors. Of interest, these modifications have been
described in patients without increase in CIMT, suggesting that SAE might
occur at very early stage of atherosclerosis (Nienhuis et al., 2010). Data about
the contribution of traditional and SLE-specific risk factors to the arterial
stiffness are conflicting. Some studies described the presence of a correlation
between metabolic syndrome and PWV (Sabio et al., 2009), whereas other
investigators reported a positive association with SBP but not with the disease
activity or duration (Sacre et al., 2014). A positive correlation between plasma
homocysteine levels and brachial ankle PWV was also observed (Tso et al.,
2006), but these findings were not confirmed by other researches (Sacre
et al., 2014).

Several population-based studies also compared FMD values between SLE
patients and healthy controls. However, these researches provided inconsistent
findings, probably because of a significant heterogeneity among the groups
under investigation. Nevertheless, a recent meta-analysis performed by Wang
et al. reported a significant decrease in FMD among SLE patients as compared
to the general population. Additional investigations are needed to evaluate the
correlation between FMD and traditional CV or SLE-related risk factors
(Wang et al., 2014).

3.3 Psoriatic Arthritis

A number of ultrasonographic studies showed the presence of increased
CIMT in PsA patients compared to the general population (Di Minno et al.,
2011; Contessa et al., 2009). In particular Mazlan et al. (2009) reported a
prevalence of increased CIMT in 15.9% of PsA subjects. Data dissecting the
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correlation between CIMT and traditional and PsA-specific risk factors are
modest. Some authors showed that PsA patients have a positive correlation
between the extent of CIMT and BMI, diabetes, SBP, total cholesterol, and
LDL cholesterol (Contessa et al., 2009; Gonzalez-Juanatey et al., 2007).
However, Di Minno et al. reported the presence of a lower CIMT in PsA
patients compared to controls, when taking into account the presence of
traditional risk factors. These data suggested a minor role for PsA per se in
promoting carotid vascular damage (Di Minno et al., 2011). Our group
recently investigated the role of hypertension in the progression of subclinical
atherosclerosis in this rheumatic population. We demonstrated that PsA hy-
pertensive patients had higher increase in CIMT as compared to normotensive
subjects. These data indicate that mechanisms involved in hypertension may
play an important amplificatory role in the generation of vascular damage. On
the contrary, we could not find any differences in FMD values, which was in
fact equally impaired in both groups regardless of blood pressure values.
Moreover, a significant correlation was found between OPG levels, an inde-
pendent predictor of CV events, and the extent of CIMT, particularly among
the hypertensive patients (Puato et al., 2014a). As for PsA-related risk factors,
such as disease activity/duration, CRP, and fibrinogen levels, a positive as-
sociation with CIMT has been described by Kimhi et al. (2007), but not by
Mazlan et al. (2009). Similar to our findings, other investigators found a
significant decrease in FMD among PsA patients, which seems to occur
earlier than CIMT (Sharma et al., 2016).

3.4 Ankylosing Spondylitis

A number of clinical studies reported an increased CIMT in AS patients
compared with matched controls, regardless of the prevalence of classical
CV risk factors (Mathieu et al., 2008). However, these findings were not
confirmed by others (Choe et al., 2008). Perrotta et al. observed that in-
crease in CIMT was confined at the carotid bulb segment. These authors
also found an association between carotid bulb CIMT and ESR values
(Perrotta et al., 2013). This observation was not entirely confirmed by
Gonzalez et al. who reported a positive correlation between ESR and the
presence of carotid plaques, but not with the extent of CIMT (Gonzalez-
Juanatey et al., 2009).

Data about the role of traditional and AS-related risk factors are ambig-
uous. A positive correlation between CIMT and disease duration was described
by the majority of the studies so far performed, revealing that a prolonged
systemic inflammation plays an important role in accelerated atherogenesis.
Conversely, no association was found with disease activity and markers of
systemic inflammation such as CRP (Gonzalez-Juanatey et al., 2009). In
addition, Mathieu et al. (2008), in their investigations, reported a correlation
between CIMT, smoking, and SBP.

102 The Heart in Systemic Autoimmune Diseases



Modifications in PWV and FMD in AS patients have been investigated
in a limited number of studies. Some reports showed that PWV values are
higher among AS cases than controls (Mathieu et al., 2008), although addi-
tional studies are needed to confirm these data and to evaluate the contri-
bution of traditional and AS-related risk factors to arterial stiffness. Some
authors also reported a reduction in FMD in AS patients as compared to the
general population, suggesting the presence of early endothelial dysfunction
in this group of patients (Choe et al., 2008). However, these findings were not
confirmed by Perrotta et al. (2013) who did not find any differences in FMD
values between cases and controls.

3.5 Systemic Sclerosis

Differently from previous investigations (Hettema et al., 2008), recent
studies described a significant increment of CIMT in SSc patients as
compared to the general population and nonsystemic sclerosis (noScc) sub-
jects, although no differences were seen in the prevalence of carotid plaques.
Similar findings have been reported in some meta-analysis (Turiel et al.,
2013). Other investigators, such as for instance Au et al. (2011) observed a
0.11 mm difference in CIMT between cases and controls. Interestingly,
Schiopu et al. (2014) demonstrated that CIMT was directly correlated to the
serum levels of proteins and cytokines involved in fibrosis and vasculopathy,
whereas Bartoli et al. (2007a) found an association between CIMT and the
deletion polymorphism of the angiotensin-converting enzyme gene. Never-
theless, additional studies are needed to elucidate the role of traditional and
disease-related risk factors in the pathogenesis of vascular damage. So far,
only age seems to be associated with accelerated atherosclerosis in SSc
(Sherer et al., 2007). The presence of an early vascular damage in SSc pa-
tients was also confirmed by studies evaluating the presence of arterial
stiffness and endothelial dysfunction. An increase in PWV was observed in
SSc subjects, and this increase of markers of vascular damage was inde-
pendent from the presence of conventional risk factors (Timar et al., 2008).
Interestingly, Liu et al. (2011) showed that regional, but not aortic, PWV was
increased prior to the increment of CIMT; this could be explained by the fact
that the reduction of arterial elasticity affects the muscular arteries prior than
the large vessels (such as the aorta and its branches). According to a
population-based studies performed by Timar et al., PWV seems to be higher
in patients with limited than diffuse cutaneous scleroderma, suggesting the
existence of different vascular pathogenetic mechanisms between these two
clinical forms. In addition, presence of arterial stiffness has been associated
with disease duration, positivity of anticentromere antibodies (Timar et al.,
2008) as well as circulating levels of soluble endothelial adhesion molecules
(Andersen et al., 2002). The development of endothelial dysfunction is
another early event in the course of SSc; indeed many authors described a
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lower FMD in SSc patients when compared to healthy subjects (Szucs et al.,
2007), although some researches did not confirm these findings (Andersen
et al., 2002). A meta-analysis performed by Au et al. (2011) reported a
difference in FMD of 3.07% between patients with SSc and controls with
similar evidences for nitroglycerin-mediated dilatation, an endothelium-
independent vasodilatation (Andersen et al., 2002).

Limited data exist about the contribution of traditional and SSc-related risk
factors on endothelial dysfunction. The studies available so far revealed no
correlation between impairment of FMD and SSc disease duration or presence
of CV risk factors (such as hypertension, smoke and dyslipidemia) (Bartoli
et al., 2007b).

4. CARDIOVASCULAR EFFECTS OF PHARMACOLOGICAL
TREATMENTS

Key points

l Several clinical studies suggested a beneficial cardiovascular effect of
disease-modifying antirheumatic drugs, which may slow the progression of
subclinical atherosclerosis and improve the clinical outcome.

4.1 Rheumatoid Arthritis

As described earlier, increased CV risk in RA has been well established,
although the specific contribution and interrelation between traditional and
RA-related risk factors remain nowadays unclear. As systemic inflammation
represents a major contributor to CV disease, antiinflammatory therapeutic
approaches could furnish at least ancillary effects and improve the CV risk in
RA as well as in other rheumatic diseases. We will now focus on the impact on
CV risk of the main pharmacological therapies currently available for RA
patients.

4.1.1 Nonsteroidal Antiinflammatory Drugs

Data about the CV risk associated with the use of NSAIDs in RA are con-
flicting. NSAIDs should be prescribed at the lowest possible dose and with the
lowest frequency (Dhillon and Liang, 2015; Pieringer et al., 2014). While
some population-based studies showed that the use of NSAIDs is correlated
with increased CV morbidity in RA (Garner et al., 2005), others researches
observed a decrease of CV events in RA patients treated with NSAIDs
compared to control subjects undergoing similar therapy. However, this pro-
tective effect was not reported for diclofenac and rofecoxib (Hollan et al.,
2015). As for Aspirin, despite its well-established use for CV prevention in the
general population, further studies are needed to clarify its potential role in
primary prevention in RA.
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4.1.2 Glucocorticoids

Glucocorticoids (GC) are commonly used in RA and many studies have been
performed in order to establish their impact on CV events. It is well known
that GC therapy has beneficial, fast effects on the control of the disease activity
but also carries multiple adverse metabolic effects in term of glycemic control,
increase of body fat, development of hypertension, and so on. Taking into
account the difficulty of distinguishing the contribution of the underlying
disease activity from the effects of GC therapy itself, it should be also noted
that several authors observed an increase in CV risk among RA patients (by up
to 68% for MI, by 14% per 5 mg/day) treated with GC (Pieringer et al., 2014;
Barbhaiya and Solomon, 2013; Avina-Zubieta et al., 2013). In particular,
Avina-Zubieta et al. (2011) found that, while the risk of MI and CHF is
increased during GC therapy, no differences were found in the rate of cere-
brovascular accidents. This phenomenon was observed not only in case of
cumulative supraphysiologic doses and long exposure, but also for prednisone
daily dosage less than 10 mg (Barbhaiya and Solomon, 2013). In line with
these findings, Del Rincòn et al. demonstrated that 8 mg was the prednisone
daily threshold dose correlated with an increased risk of CV death. Thus,
according to these data, RA patients should be preferentially treated by using a
daily prednisone dose of less than 7.5 mg and a cumulative dose of less than
40 mg (del Rincon et al., 2014). Notably, the RF positivity was reported to be
associated with a greater CV morbidity during GC treatment compared to FR
negativity, thus suggesting a potential interaction between GC and autoanti-
bodies in the pathogenesis of the vascular damage (van Sijl et al., 2014); these
findings add to other pathogenic mechanisms independently induced by GC
such as the destabilization of atherosclerotic plaques or the development of
vascular calcification (Preusch et al., 2008).

Some authors also investigated the impact of GC on lipid profile. In
particular, Schroeder et al. demonstrated that a daily prednisone dose
of �7.5 mg led to an increase in HDL cholesterol levels, whereas no effects
were seen in LDL and total cholesterol levels These data were confirmed by
other studies of pharmacological association, which highlighted that this
improvement in lipid profile was specific for GC activity and was not observed
when using other drugs. However, the impact of this modification of lipid
profile on vascular disease progression is currently unknown (Schroeder
et al., 2015).

4.1.3 Nonbiologic Disease-Modifying Antirheumatic Drugs

Methotrexate (MTX) is one of the most commonly used nonbiologic disease-
modifying drugs (DMARDs). Data derived from the literature reported a
favorable impact of MTX on CV disease, with a decrease in mortality that
ranges from 15% to 80% depending on the studies (Barbhaiya and Solomon,
2013). These positive effects were also seen in early RA and when the drug
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was administered as monotherapy or in combination with sulfasalazine (SSZ),
HCQ as well as other biologic therapies (Zha et al., 2015). Interestingly, MTX
treatment was also associated with a reduction in cerebrovascular accidents,
with an 11% decrease in the risk of stroke (Naranjo et al., 2008).

Several studies also highlighted a positive impact of MTX in preventing the
onset of subclinical atherosclerosis in RA patients. In particular, Je Kim et al.
demonstrated a decrease in CIMT among RA patients who were treated with
MTX, an effect that remained significant even after correction for age, disease
activity, and level of inflammation. These data were confirmed by Kisiel et al.
who reported an improvement in CIMT and femoral intima-media thickness
(FIMT) in RA patients treated with MTX �20 mg/week, regardless of the
disease activity. Moreover, they did not observe a significant difference in
CIMT and FIMT between MTX and other biologic therapies (Kisiel et al.,
2015a). Hannawi et al. (2009) deepened these findings showing that patients
treated with MTX, HCQ, and SSZ also had significant improvement in
endothelial function as established through FMD. Overall, these clinical data
strongly suggest the existence of an independent atheroprotective effect of the
therapy with MTX.

Several studies have been performed also to dissect the impact of MTX on
traditional CV risk factors. However, the data collected so far are inconclusive.
In particular, Dessein et al. (2002) did not find significant modifications in the
lipid profile of patients treated with MTX. Instead, the COBRA (combination
therapy in rheumatoid arthritis) study revealed that SSZ therapy was associ-
ated with a significant increase in total/HDL cholesterol ratio and a decrease in
the atherogenic index compared to a combination therapy with SSZ, MTX,
and prednisone (Boers et al., 2003). Of note, MTX treatment has been asso-
ciated with an increase in the levels of homocysteine, which might have a
negative impact on CV risk (Landewe et al., 2000). Toms et al. also found a
negative association between MTX therapy and the presence of metabolic
syndrome, in particular, among patients >60 years. These data suggest that
MTX treatment per se can have protective metabolic effects, thus partly
explaining the favorable CV outcomes described earlier (Toms et al., 2009).

4.1.4 Biologic Disease-Modifying Antirheumatic Drugs

TNFa inhibitors. A number of basic science studies clearly demonstrated that
TNFa can exert significant pathogenic effects during all the phases of
atherogenesis. TNFa has been implicated in the initiation of endothelial
dysfunction, in the amplification of intimal inflammatory processes as well as
in the events associated with plaque rupture. Thus, overproduction of TNFa
has been considered as major contributor to the cardiovascular damage
observed in RA patients, and its pharmacological inhibition is expected to
exert ancillary cardioprotective effects. In line with this possibility, a long-term
therapy with TNFa inhibitors, both as monotherapy or in combination with
MTX, has been associated in RA patients with a significant reduction in all
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causes of CV death (mainly MI and stroke) (Dhillon and Liang, 2015),
whereas data about the effects on the risk of CHF are conflicting. In particular,
Solomon et al. showed that the decrease in CV risk was greater in the first
6 months of treatment with TNFa inhibitors. This was especially true for
patients >65 years old (Solomon et al., 2013). In the CORRONA registry,
Greenberg at al. reported a major reduction of CV events in patients treated
with TNFa inhibitors, compared to those treated with other DMARDs
(Greenberg et al., 2011), although others did not confirm these findings (Kisiel
et al., 2015a). Several mechanisms have been proposed to explain the CV risk
reduction observed during anti-TNFa therapy, including systemic antiin-
flammatory effects, improvement of lipid profile, plaque stabilization, and
others (Popa et al., 2005).

Anti-TNFa therapy might also have a significant impact on subclinical
atherosclerosis, which is accelerated in RA patients. In their review of the
literature Tam et al. (2014), reported a significant improvement in CIMT and
aortic PWV among subjects treated with long-term anti-TNFa and who
responded to the therapy. Interestingly, Vassilopoulos et al. (2014) demon-
strated that adalimumab decreased aortic stiffness regardless of its effects on
disease activity. However, Komai et al. (2007) did not find differences in PWV
during anti-TNFa therapy. Other investigators reported an improvement in
FMD following anti-TNFa therapy, although this effect was reduced in the
long-term (Mazzoccoli et al., 2010).

Data about modifications in the lipid profile during anti-TNFa therapy
are conflicting. Some studies showed that TNFa inhibitors can induce a
rapid and transient increase in both total and HDL cholesterol and lead to
an improvement of the atherogenic index in the long-term (Popa et al.,
2005). However, additional studies are needed to understand whether these
changes are attributable to the control of systemic inflammation or instead
can be considered specific pharmacological effects. In addition, Stagakis
et al. (2012) described an improvement in insulin sensitivity and in
beta cell function, among RA patients with high insulin resistance treated
for 12 weeks with TNFa blockers. Moreover, anti-TNAa therapy, inflix-
imab in particular, have been associated with a significant improvement of
blood pressure control as compared to other treatments (Klarenbeek
et al., 2010).

IL-6 receptor inhibitors. In analogy with anti-TNFa therapy treatment with
tocilizumab, an IL-6 receptor inhibitor has also been shown to exert beneficial
effects on CV risk. In particular, a 3-month therapy with tocilizumab was
followed by a significant reduction in PWV and improvement in FMD, along
with an improvement of systemic inflammation (Protogerou et al., 2011).
However, as therapy with tocilizumab has been associated with a worsening of
the lipid profile (increase of total and LDL cholesterol), further studies are
needed to clarify whether these changes might have detrimental effects on CV
risk in the long-term.
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Rituximab. Although data derived from literature are limited, patients
treated with rituximab (RTX), an anti-CD20 monoclonal antibody, showed an
improvement in FMD (Pieringer et al., 2014). The data about the effects of
RTX on lipid levels are conflicting with some studies showing a beneficial
impact (Pieringer et al., 2014), and others demonstrating no effects (Mathieu
et al., 2012).

Abatacept. Studies performed in patients treated with abatacept showed
that a 6-month treatment was followed by an increase in aortic stiffness
(Mathieu et al., 2013a). Further studies are needed to establish whether this
new drug exert negative impact on CV risk.

4.1.5 Statins

Statin therapy is known to have protective effects on CV events in both pri-
mary and secondary prevention. These drugs have been shown to promote
atherosclerotic plaque stabilization mainly through the reduction of inflam-
matory mechanisms (Puato et al., 2010; Puato et al., 2014b). However, data
about the effects of statin therapy in RA patients are limited. In the TARA trial
(Trial of Atorvastatin in Rheumatoid Arthritis), Mc Carey et al. reported
beneficial effects on both inflammation and lipid profile in the patients with
RA treated with 40 mg of atorvastatin for 6 months (McCarey et al., 2004). In
the RORA-AS trial (Rosuvastatin in Rheumatoid Arthritis, Ankylosing
Spondylitis and Other Inflammatory Joint Diseases), Ikdahl et al. (2015),
demonstrated a significant reduction of atherosclerotic plaques, LDL choles-
terol, and systemic markers of inflammation during the statin treatment.
Akiyama et al. (2015) in a recent work based on RA Japanese population,
found that a low dose of atorvastatin (5e10 mg) led to an improvement of the
lipid profile without any effects on disease activity. Interestingly, Tam et al.
(2011a) showed a possible improvement of subendocardial perfusion in pa-
tients treated with rosuvastatin. According to these observations, further pro-
spective studies should be conducted to evaluate whether statin therapy should
be recommended for primary prevention in RA patients.

4.2 Systemic Lupus Erythematosus

Despite the increased prevalence of CV events in SLE patients described
earlier it is still unclear whether specific lupus treatments could have some
impact on the CV risk of these patients.

4.2.1 Glucocorticoids

GC are commonly used in SLE for their efficacy in the control of disease
activity. However, as already mentioned, their negative impact on traditional
risk factors such as glycemic control, lipid profile, and hypertension, might
have detrimental consequences on the CV risk profile of SLE patients. In line
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with this possibility, some cohort studies described the existence of an asso-
ciation between GC use and the increase in CV risk. For instance, Moya et al.
(2016) showed the presence of a linear relationship between the cumulative
GC dose and future CV events, while Al Sawah et al. (2015) in the Hopkins
Lupus Cohort, reported a higher risk of organ damage in patients treated with a
prednisone dose of �7.5 mg/d. These data are in agreement with other in-
vestigations (Tanay et al., 2007). In a recent study Croca et al. (2015) found
that high GC dose was correlated with the levels of anti-ApoA1 antibodies,
which are present in SLE and represent a surrogate of high degree of disease
activity.

4.2.2 Hydroxychloroquine

HCQ is an antimalarial agent widely used to treat SLE patients and to
obtain a rapid control of disease activity. Although an HCQ-induced car-
diomyopathy has been described (Yogasundaram et al., 2014), several
cohort studies reported a cardioprotective effect of this drug during long-
term therapy. This protective effect is probably due to interference of the
drug with the TLR7 and TLR9 pathways (Sun et al., 2007). Tanay et al.
(2007) demonstrated that, compared to steroids, HCQ led to a lower
vascular damage, while Virdis et al. (2015) observed that HCQ improved
the endothelial dysfunction in a murine model of SLE, probably through
antioxidant-mediated effects.

Clinical studies also showed that treatment with HCQ could have signifi-
cant impact on traditional CV risk factors. In particular HCQ has been shown
to reduce total cholesterol levels and to increase insulin sensitivity, leading to
improvement in glycemic control (Rahman et al., 1999).

4.2.3 Immunosuppressive Treatment

Some studies indicated that immunosuppressive agents, namely Mycopheno-
late mofetil (MMF) and cyclosporine A (CyA), can have beneficial impact on
atherogenesis in SLE, mainly in term of reduction in CIMT progression (Kisiel
et al., 2015b).

Despite its well-recognized antiinflammatory role, there are conflicting
data about the effects of MMF on atherosclerosis in SLE. While Richez et al.
(2013) observed a decrease in molecules involved in atherogenesis in a murine
model of SLE (gld.apoE�/�) treated with MMF, a longitudinal cohort study
performed by Kiani et al. (2011b) did not report changes in CIMT of SLE
patients treated for 2 years with MMF. On the other side, some studies sug-
gested the existence of an atheroprotective role of CyA, which in fact has been
associated with a reduction of CIMT in SLE patients (Oryoji et al., 2014).
However, further longitudinal investigations are needed in order to elucidate
the real impact of immunosuppressive treatment on traditional CV risk factors
and CV events.
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4.2.4 Statins

Similar to RA, some investigations indicate the existence of a beneficial
impact of statin therapy in preventing atherogenesis in SLE patients. However,
mechanisms driving these protective effects are still unclear and might be
partly explained by existence of pleiotropic activities of statins, which are
independent from the lipid-lowering action. The net result is an improvement
in CV outcomes in SLE patients, with an overall reduction in CV morbidity
and mortality (Yu et al., 2015). The potential antiinflammatory effects of
statins are supported by studies showing a relevant decrease of CRP levels in
SLE patients treated with these drugs (Sahebkar et al., 2015). These results are
in agreement with previous studies performed by Mok et al. (2011a) and Ruiz-
Limon et al. (2014) that also underscored the importance of antioxidant effects
associated with the use of these compounds.

Nevertheless, data about the effects of the statins on subclinical athero-
sclerosis in SLE are discordant. For instance, Mok et al. (2011a) reported a
relevant decrease of CIMT, LDL cholesterol, and hs-CRP in SLE patients
treated with rosuvastatin, 10 mg/day, up to 24 months. Moreover, an 8-week
treatment with atorvastatin, 20 mg, was found to improve FMD (Ferreira
et al., 2007). However, in the Lupus Atherosclerosis Prevention Study (LAPS),
Petri et al. (2011) did not find differences in CIMT progression among patients
treated with atorvastatin 40 mg/day for 2 years. Similar results have been
observed in the APPLE (Atherosclerosis Prevention in Pediatric Lupus Ery-
thematosus) study after 36 months of treatment with atorvastatin (Schanberg
et al., 2012). In particular, in this latter study, the treatment was not associated
with reduction in CIMT progression.

4.3 Psoriatic Arthritis

Data about the impact of antipsoriatic drugs on CV morbidity and mortality in
PsA patients are limited and less conclusive when compared with those ob-
tained in RA patients. We will focus especially on biologic DMARDs (TNFa
inhibitors), which have been the target of many studies in the recent years.

4.3.1 Biologic Disease-Modifying Antirheumatic Drugs

Several clinical studies suggested the existence of beneficial CV effects of
anti-TNFa agents in PsA patients. In particular these drugs may slow the
progression of subclinical atherosclerosis and seem to improve the CV risk of
PsA patients. Indeed, a higher decrease in CIMT among PsA patients treated
with etanercept compared with patients treated with conventional DMARDs,
has been recently described (Di Minno et al., 2015). These data are in agree-
ment with previous cohort studies performed by Tam at al. and Di Minno et al.
The latter authors also highlighted a relationship with the treatment duration
(Di Minno et al., 2015; Tam et al., 2011). In addition, TNFa inhibitors have

110 The Heart in Systemic Autoimmune Diseases



been shown to produce an improvement in endothelial function, which is
known to be impaired in PsA. In particular, Mazzoccoli et al. evaluated the
impact of infliximab and etanercept on brachial FMD after 8e12 weeks of
treatment. Surprisingly, they found a transitory effect on FMD, which is
initially increased and then decreased in the following few weeks of treatment
(Mazzoccoli et al., 2010). As for the effect on PWV, there are evidence showing
that the long-term anti-TNFa therapy seems to increment aortic elasticity in
patients with inflammatory arthropathies. Our group investigated the impact of
2 years of anti-TNFa therapy on subclinical atherosclerosis in a cohort of
32 PsA patients. We reported that, despite clinical improvement, the treatment
was not able to slow down the progression of arterial remodeling. While there
were no changes in FMD, CIMT showed a higher increase (four-fold excess)
compared to age-matched healthy controls (Ramonda et al., 2014).

Besides their well-established antiinflammatory effects, biologic DMARDs
have an impact also on conventional CV risk factors. Anti-TNFa therapy has
been associated in PsA patients with lower prevalence of metabolic syndrome
compared to other treatments. However, data about the effects on lipid profile
are conflicting. While Spanakis et al. (2006) reported an increase in HDL
cholesterol levels during treatment with infliximab, Cauza et al. (2002)
observed a worsening in lipid profile mainly through an increment of TG
levels. Costa et al. performed a prospective study with the aim to evaluate the
prevalence of metabolic syndrome in patients treated with etanercept, inflix-
imab, and MTX. After 24 months of therapy they found a lower prevalence of
metabolic syndrome in patients treated with TNFa inhibitors, as compared to
those treated with MTX (Costa et al., 2014).

4.4 Ankylosing Spondylitis

The impact of antirheumatic therapy on CV risk in AS patients remains,
nowadays, unclear, although many evidences suggest a potential car-
dioprotective effect of TNFa inhibitors.

4.4.1 Biologic Disease-Modifying Antirheumatic Drugs

Researches performed in recent years about the impact of DMARDs on CV
risk in AS patients were mainly focused on subclinical atherosclerosis and its
surrogates. TNFa blocking therapy could exert its beneficial cardioprotective
effects through its impact on both AS-related and conventional CV risk fac-
tors. van Sijl et al. (2015) found a slower progression of CIMT in patients
undergoing continuous treatment with anti-TNFa as compared to those treated
discontinuously. These results are in agreement with evidences derived from
previous studies (Angel et al., 2012).However, despite a persistent reduction of
disease activity, no changes in PWV were found in AS patients during anti-
TNFa treatment (Mathieu et al., 2013b). On the contrary, some authors
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observed a significant improvement of FMD after prescription of infliximab
(Syngle et al., 2010) or etanercept (van Eijk et al., 2009). In addition, an in-
verse correlation between increase of FMD and decrease of CRP levels was
found in AS patients treated with infliximab (Syngle et al., 2010). Interest-
ingly, Genre et al. (2015) reported a significant and rapid reduction of circu-
lating markers of endothelial cell activation such as sVCAM-1 and sE-selectin,
after administration of a single dose of infliximab. Notably, an antiarrhythmic
effect of infliximab has also been described, in term of shortening of QT
interval which is usually prolonged in AS patients (Senel et al., 2011).

Some authors also showed that anti-TNFa therapy is followed by an
improvement of lipid profile which is characterized by an increment of both
total and HDL cholesterol in the absence of changes of atherogenic index
(Mathieu et al., 2010a).

4.4.2 Statins

In a recent work, Garg et al. evaluated the impact of rosuvastatin (10 mg/day)
treatment on endothelial dysfunction in AS patients. Of note, they found a
significant improvement in FMD after statin therapy, which was paralleled by
a decrease of the disease activity. These data confirmed, once again, the
coexistence of antiinflammatory and immunomodulatory effects associated
with statin therapy (Garg et al., 2015). Given these encouraging evidences,
further studies are needed in order to clarify the role of statin treatment in the
management of CV risk in AS patients.

4.5 Systemic Sclerosis

Although the increased CV risk and the accelerated atherosclerosis in SSc are
both well established, only in recent years the effects of antirheumatic drugs on
CV mortality have been investigated. However, data derived from the literature
are limited, inconclusive, and focus mainly on statin treatment. Timar et al.
investigated the impact of rosuvastatin (20 mg/day) on subclinical atheroscle-
rosis in SSc patients. They found that the statin therapy was accompanied by a
significant increase of FMD without changes in PWV and CIMT (Timar et al.,
2013). However, these results are in disagreement with previous data by Sadik
et al. (2010) who did not find modifications in endothelial function after 8 weeks
of treatment with atorvastatin 20 mg/day. Further prospective studies are
mandatory to improve the management of CV risk in SSc patients.
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Key Points

l Autoimmune diseases substantially increase the risk for cardiovascular
disease.

l Atherosclerosis seems to occur precociously in autoimmune conditions.
l Autoimmunity and atherosclerosis (AS) share common pathogenic

mechanisms.
l Accelerated AS is responsible for an increased morbidity and mortality in

autoimmune conditions.
l Accelerated AS is characterized by the activation of immune cells,

resulting in the formation of an intravascular plaque that alters the function
and structure of the vessels.

1. INTRODUCTION

Despite a decline in mortality rates in several countries, cardiovascular disease
(CVD) remains the leading cause of death responsible for approximately half of
all deaths on the continent (Szekanecz et al., 2016) (Fig. 5.1). Coronary artery
disease (CAD) and stroke are often the result of acute complications of athero-
sclerosis (AS) and atherothrombosis. AS is a chronic inflammatory disease,
which may have an autoimmune background (Wu et al., 2016). Low-density
lipoprotein (LDL) infiltrates and accumulates in the intima of the arterial wall
leading to an inflammatory process and the formation of atherosclerotic plaques.
These contain lipids but also calcified and fibrotic tissue, vascular cells, cellular
debris, and both innate and adaptive immune cells recruited into the arterial wall.
When the disruption of an atherosclerotic lesion occurs, thrombus may develop
leading to atherothrombosis (Frieri and Stampfl, 2016).
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FIGURE 5.1 A synopsis of the possible mechanisms of autoimmune-mediated atherosclerosis. Atherogenesis begins with the recruitment of inflammatory cells to

the intima. Autoantibodies (e.g., anti-b2GPI or anticardiolipin), activate components of innate immunity such as complement, endothelial cells and monocytes, as

well as the coagulation system (especially through tissue factor). For instance, autoantibodies recognize TLR4 or specific autoantigens such as b2GPI with

endothelial cell activation. ICAM-1; VCAM-1; E-selectin IL-1,-6,-8; and TF are expressed changing the phenotype of endothelial cells to a procoagulant form.

Moreover, after inflammatory activation, monocytes recruited to the intima express scavenger receptors that permit the uptake of modified low-density lipoprotein

(LDL) particles, such as oxidized LDL (oxLDL) leading to the formation of foam cells. These cells can produce proinflammatory mediators, reactive oxygen

species, and tissue factor procoagulants that amplify local inflammation and promote thrombotic complications.
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It has been recognized that autoimmune diseases substantially increase the
risk for CVD. Besides “traditional” risk factors for CVD, including smoking,
hypertension, diabetes mellitus, hypercholesterolemia, and family history,
other “novel” factors are now considered to be associated with AS and its
complications. Indeed, infectious agents, inflammatory processes, and
autoimmunity have been suggested to be implicated (Matsuura et al., 2001).

AS seems to occur precociously in autoimmune conditions, suggesting an
accelerated process in autoimmune conditions such as rheumatoid arthritis
(RA), psoriasis, and systemic lupus erythematosus (SLE). Indeed, AS is a
multifactorial disease in which both genetic and environmental factors play a
role (Belizna et al., 2007).

Key Points

l CVD remains the leading cause of death in industrialized countries.
l Autoimmune diseases substantially increase the risk for CVD.
l AS seems to occur precociously in autoimmune conditions.

2. PREVALENCE AND EPIDEMIOLOGY

Increased risk of CVD in autoimmunity was first described in SLE 35 years
ago. Urowitz et al. suggested a bimodal pattern of SLE mortality with early
deaths (<1 year) due to SLE disease activity but later deaths primarily linked
with CVD (Rubin et al., 1985). CAD is described in SLE patients with a
prevalence ranging from 6% to 10%, and the risk of developing this
manifestation is 4e8 times higher than in age-matched healthy subjects. The
overall risk of myocardial infarction (MI) in SLE patients is tenfold higher
than in the general population, even after accounting for traditional
Framingham risk factors (Mazurek et al., 2016). Acute MI seems to be
responsible for 3e25% of deaths in SLE patients. Young SLE women
(35e44 years old) may be even up to 50 times more likely to have an MI than
age-matched women in the Framingham Offspring Study (Frieri and Stampfl,
2016). In antiphospholipid syndrome (APS), the prevalence of asymptomatic
AS assessed by ultrasonography is 15% compared to 3% in normal controls
(Mazurek et al., 2016). In the Euro-Phospholipid cohort MI appeared during
the course of the diseases in 5.5% of patients (Cervera et al., 2015). Thus, not
only does AS occur more frequently in SLE patients than in the general
population, but also there is epidemiological and clinical evidence that it is
accelerated in these patients as well as in patients with diabetes mellitus.
Measurement of the intima-media thickness (IMT) of carotid arteries by
Doppler ultrasound also represents a quantitative method for detecting
preclinical AS (Sharma et al., 2016). Considering carotid ultrasound as a
surrogate measure of AS, it was demonstrated that carotid plaque increases
more than twofold in SLE patients versus controls showing a more rapid
progression pattern in SLE (Kay et al., 2016). Increased IMT has been
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observed in patients with SLE with a prevalence of focal plaque up to 37% in
patients with SLE without previous cardiovascular events (Kisiel et al.,
2015a). Patients with SLE display four times more coronary calcifications
compared to healthy controls (Liu et al., 2014). Moreover, studies using the
dual-isotope single photon emission computed tomographic (SPECT)
myocardial perfusion imaging demonstrated that 38% of SLE patients might
have perfusion defects indicating subclinical AS (Espinola-Zavaleta et al.,
2006). Endothelial dysfunction, on which we will later focus on, measured by
flow-mediated dilation (FMD), is accelerated in SLE patients and coronary
microvascular function can be observed even in SLE patients with normal
coronary arteries (Ramos-Casals, 2014).

Key Points

l CAD is described in SLE patients with a prevalence ranging from 6% to
10%.

l Acute MI seems to be responsible for 3e25% of deaths in SLE patients.
l Carotid plaques increase more than twofold in SLE patients versus controls

and show a more rapid progression pattern in SLE.

3. PATHOGENESIS

3.1 Genetic Background

Since both autoimmunity and AS share common pathogenic mechanisms, it is
not surprising that they may rely on the same genetic basis.

It was shown that several polymorphisms might influence the susceptibility
for both conditions. Pamuk et al. (2014) found that genetic variants of platelet
endothelial cell adhesion molecule-1 (PECAM-1) are more frequent in RA and
SLE when compared to controls. These PECAM-1 single-nucleotide
polymorphisms (SNPs) were also protective against atherosclerotic compli-
cations. Chung et al. described polymorphisms in 20 candidate genes
(ADAM33, ADIPOQ, CCL5, CCR7, CDKN2B, CSF1, IL4, IL12A, IL23R,
INS, IRF5, MIF, MS4A1, PTGS1, PTPN22, RETN, SELE, TNFSF4,
TNFRSF11B, and VCAM1) associated with the presence of coronary artery
calcium, a measure of AS, in SLE patients (Pamuk et al., 2014).

Another study that compared the expression levels of tumor necrosis factor
ligand superfamily member 4 (TNFSF4) and TNF-Reassociated factor 2
(TRAF2) mRNAs in peripheral blood mononuclear cells (PBMCs) of patients
with SLE found an overexpression of TNFSF4, which correlated with arthritis,
AS, and lupus nephritis (Rajabi et al., 2012).

The role of the “interferon signature” in SLE pathogenesis is well known
(Ceccarelli et al., 2015). Indeed, interferon (IFN)-a is involved in the
development SLE, but also seems to be implicated in SLE-related AS by
promoting lipid uptake and macrophage-derived foam cell formation. Li et al.
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suggested that IFN-a priming upregulated the expression of Scavenger
Receptor class A (SR-A) in human monocyte/macrophages, leading to
increased lipid uptake and foam cell formation (Li et al., 2015). It should not
be surprising to find an association between Interferon Related Factor (IRF)-5
SNPs and the risk of acute coronary syndrome (Watkins et al., 2015). Indeed, a
genetic predisposition to increased type-I IFN production affects the risk of
CAD. Using a list of 11 single nucleotide polymorphisms from the results of
genome-wide association studies for SLE, Nelson et al. identified a genetic
risk score based on three single nucleotide polymorphisms (rs10516487,
rs3131379, and rs7574865), which correlated significantly with production of
IFN-a by human peripheral leukocytes stimulated with CpG-oligonucleotide
(Nelson et al., 2015). Moreover, variant alleles of the mannose-binding
lectin gene (MBL2) causing low serum concentrations of functional
mannose-binding lectin (MBL) are associated with SLE and development of
AS (El-Sherif et al., 2010).

Finally, polymorphisms in genes encoding for mediators of coagulation,
such as the coagulation factor II gene (F2), are known to be associated with a
higher risk of cardiovascular events in SLE (Demirci et al., 2011), as well as
HLA-DRB1*04/*13 alleles seem to be associated with vascular events and an
antiphospholipid (aPL) positive immune-phenotype in SLE (Lundström et al.,
2013).

Key Points

l Both autoimmunity and AS share common pathogenic mechanisms.
l Expression of TNFSF4 and TRAF2 mRNAs is altered in peripheral blood

mononuclear cells from SLE with AS.
l Polymorphisms in the type I interferon pathway are associated with

autoimmunity and AS.

3.2 Subclinical Atherosclerosis: Endothelial Dysfunction and
Atherosclerotic Plaque Formation

Atherosclerosis is a frequent and precocious event in the course of autoim-
mune conditions, justifying the increased risk of MI. The accelerated AS is
characterized by the activation of immune cells, resulting in the formation of
an intravascular plaque that alters the structure and function of the vessels
(Szekanecz et al., 2016; Wu et al., 2016). It is evident that the generalized
inflammation represents a constant phenomenon of the disease. Disease
activity and duration, the use of steroids, hyperhomocysteinemia, and the
presence of aPL antibodies can further promote the atherosclerotic process
(Nussinovitch and Shoenfeld, 2009).

Several lines of evidence suggest that the early AS is associated with both
traditional risk factors and disease-associated risk factors (acute phase
reactants, specific autoantibodies, treatment). The measure of the IMT of the
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carotid arteries by ultrasound is a quantitative method that can identify
subclinical AS. Increased IMT has been frequently found in patients with
autoimmune conditions such as SLE, with focal plaques even in patients who
had not presented cardiovascular events (Fadda et al., 2015). Endothelial
dysfunction is the earliest and reversible stage of AS, and the change of FMD
at the brachial artery level is widely recognized as a marker of endothelial
dysfunction (Mak et al., 2011). Numerous findings have shown an association
between elevated plasma concentrations of total and LDL cholesterol and
impaired endothelial function. Changes in the structure of lipoprotein, such as
the oxidation of LDL, can alter endothelial function. In particular, oxidized
LDL alter the phenotype of endothelial cells and monocyte-macrophage in a
proatherogenic manner (Mango et al., 2011). The identification of the receptor
for oxidized LDL, called lectin like ox-LDL receptor-1 (LOX-1), whose
effects are the internalization and degradation of ox-LDL in endothelial cells,
has established the importance of these lipoproteins in endothelial dysfunction
and then in the early stage of AS (Mango et al., 2003). Several intronic SNPs
determine a splice isoform (LOXIN) so that the ratio LOX-1/LOXIN is higher
in those patients with a high risk of MI (Vecchione et al., 2007).

Indeed, the “altered-lipoprotein” hypothesis suggests that oxidized LDL
(oxLDL) may be responsible for foam cells formation. So far, testing the blood
level of LDL cholesterol is the best biomarker for AS (Schoen et al., 2015).

LDL is the ultimate source of cholesterol, which accumulates in foam cells.
LDL particles contain hundreds of molecules of phospholipids, free choles-
terol, cholesterol esters, and triglycerides (Steinberg et al., 1997). OxLDL, as
opposed to native LDL, contains large amounts of lysophosphatidylcholine
and can increase adherence and penetration of monocytes. While enhanced
oxidation of LDL is considered a proatherogenic step, the nature of the
immune reaction against oxLDL regarding its effects on AS is less clear.
Elevated levels of anti-oxLDL antibodies usually signify enhanced AS and
presence of its manifestations (Sherer et al., 2010). Hence, anti-oxLDL are
elevated in patients with early-onset peripheral vascular disease; severe carotid
AS; angiographically verified CAD; and are predictive of carotid AS
progression, MI occurrence, and mortality (Wu et al., 1997). In addition,
patients who underwent PTCA and were positive for the presence of anti-
oxLDL antibodies were more likely to develop restenosis within 6 months
compared with patients with no subsequent restenosis (George et al., 1999a).
As opposed to the earlier-mentioned studies, in animal models of AS,
immunization with oxLDL resulted in induction of anti-oxLDL antibodies but
suppression rather than aggravation of early atherogenesis (Ameli et al., 1996).
These results support the presence of different types of anti-oxLDL antibodies.
As oxLDL is a particle rather than an antigen, different autoantibodies against
it might have opposite effects. It has been described that autoantibodies against
oxLDL and antiidiotypes directed toward these antibodies (namely anti-
anti-oxLDL) can be found within commercial preparations of intravenous
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immunoglobulins (Igs) (Wu et al., 2003). Treatment of animals with intra-
venous Igs could decrease AS extent. It was speculated that the repertoire of
anti-oxLDL in humans include both “protective” and “pathogenic”
autoantibodies. Under normal circumstances, anti-oxLDL might help clear
oxLDL by immune complexes. However, upon enhanced oxidation of LDL
(which can occur due to smoking, lack of antioxidants, etc.), anti-oxLDL
with higher affinity or different target epitopes are generated and can
enhance AS. In this scenario, the antiidiotypes to anti-oxLDL can have their
beneficial effect, similar to their effect in various autoimmune diseases
(Sherer et al., 2000).

Nonetheless, during AS, other players may have a fundamental role,
including B and T cells, which infiltrate the intima and where the release of
several mediators including interleukin-1, tumor necrosis factor alpha, and
other proinflammatory cytokines may occur.

Key Points

l Accelerated AS is characterized by the activation of immune cells,
resulting in the formation of an intravascular plaque that alters the function
and structure of the vessels.

l Early AS is associated with traditional risk factors and disease-associated
risk factors.

l The change of FMD in the brachial artery level is widely recognized as a
marker of endothelial dysfunction.

l The “altered-lipoprotein” hypothesis suggests that oxLDL may be
responsible for foam cells formation.

3.3 Autoantigens and Autoantibodies in Atherosclerosis

The loss of the immunological tolerance to self-antigens represents the first
step toward the development of autoimmune phenomena. Susceptible
individuals, under the influence of genetic and environmental factors, develop
an underlying autoimmunity that manifests as the presence of autoantibodies.
Several autoantigens and autoantibodies are also implicated in the pathogen-
esis of AS (Shoenfeld et al., 2000). Most are considered proatherogenic,
whereas some might even have a protective role against AS.

3.4 Cellular Mechanisms

Cells of the immune system can be found within atherosclerotic plaques
suggesting a role in the atherogenic process. Migration and activation of
immune-competent cells within the plaques can be secondary to various
stimuli, including infectious agents. These cells probably aggravate AS.
Indeed, both the innate and the adaptive immune systems play important roles
in AS (Lewandowski and Kaplan, 2016). It was shown that mice receiving
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whole B6.SLE CD4(þ) T cells, without any other SLE phenotype, had an
increased AS of nearly 40%. Dysregulated IL-17 production and reduced
frequency of IL-10R expression were present in these B6.SLE regulatory
T cells (Treg). Thus, transfer of B6.SLE Teff to LDLr(�/�), Rag(�/�) mice
results in accelerated AS independent of the source of Treg (Wilhelm et al.,
2015).

It has been shown that CD4þ and CD8þ T-cell depletion reduced fatty
streak formation in C57BL/6 mice (Emeson et al., 1996). A particular subset
of CD4þ T cells that lacks surface CD28 molecule (CD4þCD28�) is
expanded, probably stimulated by endothelial autoantigens, in the peripheral
blood of unstable angina pectoris patients and a subgroup of RA patients
(Pingiotti et al., 2007). These cells may infiltrate the atherosclerotic lesions
and display a high proinflammatory and tissue-damaging potential that
promotes vascular injury. Interestingly, RA patients with CD4þCD28�cell
expansion have a higher degree of endothelial dysfunction and a higher carotid
IMT than patients without expansion of these cells. Moreover, cells within AS
plaques express CD40 and CD40 ligand. Treatment with antibody against
mouse CD40 ligand limited AS in LDL receptoredeficient mice (Mach et al.,
1998). A cellular immune response specifically directed against heat-shock
proteins (HSPs), oxLDL, and b-glycoprotein-I (b2GPI) has been reported,
suggesting a direct involvement of these molecules in AS (Mandal et al.,
2005).

Key Points

l Cells of the immune system can be found within atherosclerotic plaques,
which suggests that they have a role in the atherogenic process.

l Dysregulated CD4þ T cells from SLE-susceptible mice are sufficient to
accelerate AS in LDLr�/� mice.

l A particular subset of CD4þ T cells that lacks surface CD28 molecule
(CD4þCD28�) is expanded in RA and correlates with the development
of AS.

3.5 The Role of b2GPI

b2GPI can be found in human atherosclerotic lesions obtained from carotid
endarterectomies, is abundantly expressed within the subendothelial regions and
the intimal-medial border of human atherosclerotic plaques, and co-localizes
with CD4þ lymphocytes (Conti et al., 2014). On transfer of lymphocytes
obtained from b2GPI-immunized LDL receptoredeficient mice into syngeneic
mice, the recipients exhibited larger fatty streaks compared with mice that
received lymphocytes from control mice (Matsuura et al., 2009). b2GPI, or
apolipoprotein H, is an abundant plasma glycoprotein that binds to negatively
charged phospholipids and is involved in clotting mechanisms and lipid
pathways (Aron et al., 1995). In chronic diseases related to endothelial cell
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dysfunction such as SLE, APS, and AS, b2GPI plays a role as a target antigen
for an immune-mediated attack, possibly influencing the progression of disease
(Aron et al., 1995; Shoenfeld et al., 2008; Matsuura et al., 2002; Gharavi et al.,
1992; Caronti et al., 1999). b2GPI stimulates not only a vigorous adaptive
humoral but also a cellular, immune response (Matsuura et al., 1994;
Visvanathan and McNeil, 1999; Conti et al., 2003; Sorice et al., 2007). Recently,
the presence of autoreactive T cells specific for a cryptic epitope of b2GPI has
been described in both patients with APS and healthy subjects (Hattori et al.,
2000; Buttari et al., 2005; Kuwana et al., 2005). Moreover, the frequency of
these autoreactive cells was found to be significantly increased in patients with
APS, suggesting that the production of aPL in patients with APS could be a
result of the activation of b2GPI-reactive T cells. Indeed, it was shown that
b2GPI is a T cell target in patients with advanced carotid atherosclerotic plaques
(Profumo et al., 2010).

The role of b2GPI in the pathogenesis of AS has been demonstrated in
humans and in experimental models. In murine models, b2GPI was
detected within early atherosclerotic lesions where it was expressed
intracellularly and extracellularly. b2GPI has also been detected in human
atherosclerotic plaques by immunostaining studies showing that b2GPI and
ab2GPI colocalize with oxLDL (Kobayashi et al., 2003). Furthermore,
immunization of Apo-Eedeficient mice with b2GPI resulted in an
enhancement of AS (George et al., 2000). In an experimental model of
LDL receptoredeficient mice, b2GPI-specific cellular immunity showed a
central role in promoting atherogenesis (George et al., 1999b). When
injected with lymphocytes from b2GPI-immunized animals, mice displayed
fatty streaks larger than those shown in mice injected with lymphocytes
from albumin-immunized controls. T-celledepleted splenocytes were unable
to promote lesion formation, thus suggesting a primary role for
T-lymphocytes in mediating AS (Kobayashi et al., 2003). In response to
b2GPI, proliferating PBMC produced higher amount of IFN-g than
nonproliferating ones. By secreting proinflammatory cytokines, such as
IFN-g as well as by facilitating aPL production, b2GPI-specific T cells
seem to play a pathogenic role.

It has also been shown that ab2GPI and anti-oxLDL/b2GPI are associated
with an adverse outcome in patients with CAD (Greco et al., 2009).
Furthermore, in a previous study, ab2GPI IgG-oxLDL complexes were
suggested to be predictive of IMT in patients with APS (Ames et al., 2006).

Key Points

l b2GPI, or apolipoprotein H, is an abundant plasma glycoprotein that binds
to negatively charged phospholipids and is involved in clotting mecha-
nisms and lipid pathways.

l b2GPI can be detected within early atherosclerotic lesions.
l b2GPI and ab2GPI colocalize with oxLDL.
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3.6 Anticardiolipin Antibodies

As earlier mentioned, patients with primary APS have a greater carotid IMT at
multiple artery sites than controls. Moreover, aPL levels correlate with
increased MI risk even in healthy subjects. Anticardiolipin (aCL) antibodies
are the hallmark of the APS. Immunization of LDL receptoredeficient mice
with aCL antibodies resulted in the development of high titers of mouse aCL
and increased AS compared with controls (Sherer and Shoenfeld, 2003). The
presence of high levels of aCL antibodies was found as an independent risk
factor for MI or cardiac death in middle-aged men (Bengtsson et al., 2012),
and elevated levels of aCL, anti-b2GPI, and anti-oxLDL antibodies were also
found in patients having CAD compared with control subjects (Erkkilä et al.,
2000). Su et al. reported that the prevalence of low levels of IgM anti-OxCL,
and anti-OxPS (both cofactor b2-GPI independent) is associated with the
presence of atherosclerotic plaques and in SLE (Su et al., 2013). More
recently, Marai et al. described that patients with CVD had endothelial
dysfunction and elevated levels of aCL (Marai et al., 2008). In another study,
most of young APS patients showed SPECT alterations suggestive of
myocardial perfusion defects with coronary calcifications. Right ventricular
systolic pressure was elevated in one-third of APS patients. These conditions,
well known as cardiovascular risk markers, are combined with elevated levels
of aCL and anti-b2GPI antibodies of the IgG class (Espinola-Zavaleta et al.,
2006). Thus, in a high percentage of APS patients, clinically silent myocardial
ischemia, pulmonary pressure elevation, and coronary AS may be present, and
causally related to the presence of aPL antibodies. Interestingly, the prevalence
of such adverse outcome was found to be increased especially in patients with
two or more positive aPL tests (Mazurek et al., 2016).

Key Points

l aPLs correlate with increased MI risk in healthy subjects.
l aCL antibodies act as an independent risk factor for MI or cardiac death in

middle-aged men.
l Patients with CVD have endothelial dysfunction and elevated levels

of aCL.

3.7 Anti-oxLDL Antibodies

IgM antibodies recognizing oxLDL are generally considered to be protective
against AS in murine models (Cesena et al., 2012); although, paradoxically,
the presence of anti-oxLDL antibodies increases risk for AS in SLE patients
(Sinicato et al., 2013).

A recent study suggests that anti-oxLDL antibodies develop after the
production of antilipoprotein lipase autoantibodies and are responsible for an
increased atherosclerotic risk in an SLE cohort with high disease activity
(Bassi et al., 2007). The underlying mechanism behind the atherogenicity of
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anti-oxLDL IgG antibodies is unclear, but decreased immune complex clearing
(e.g., lupus nephritis) or the presence of aggregated oxLDL in the subendothelial
space could explain the increased atherosclerotic risk (Matsuura et al., 2008). In
humans, IgM (and in some studies IgG) antibodies to oxLDL negatively correlate
with lesion burden (Ait-Oufella et al., 2010). Some studies suggest that much of
the protective antibody activity resides in the IgM compartment. Statin treatment
increases levels of oxidized phospholipids and IgM antibodies against oxidized
phospholipids in patients with AS suggesting a beneficial effect of these IgM
(Soltész et al., 2007).

OxLDL is more likely to undergo uptake by macrophages, which turn into
foam cells characterizing atherosclerotic lesions. Anti-oxLDL antibodies are
present in patients with AS as well as in those with autoimmune diseases and
healthy individuals. Even if anti-oxLDL autoantibodies level seems to be
higher in patients with more extensive AS, such positive correlation does not
necessarily mean that antibodies are proatherogenic. Indeed, recombinant
antibodies to modified LDL were shown to induce regression of AS in mouse
models (Schiopu et al., 2007).

Key Points

l IgM antibodies that recognize oxLDL are considered to be protective
against AS in murine models.

l The presence of anti-oxLDL antibodies increases risk for AS in humans
with SLE.

l Anti-oxLDL autoantibodies tend to be higher in patients with more
extensive AS.

3.8 Anti-apoA-1 Antibodies

Anti-apoA-1 antibodies have been detected in 20% of nonautoimmune patients
with acute coronary syndromes and in 32.5% of SLE patients and 22.9% of
patients with primary APS (Teixeira et al., 2012). Moreover, their presence
correlates with more severe disease activity (Abe et al., 2001). ApoA-1 is a major
antiinflammatory component of HDL, thus such anti-apoA-1 autoantibodies may
lead to the loss of the atheroprotective capabilities of apoA-1 and HDL.

Key Points

l Anti-apoA-1 antibodies can be found in patients with autoimmune diseases.
l Anti-apoA-1 autoantibodies may lead to the loss of the atheroprotective

capabilities of apoA-1 and HDL.

3.9 Inflammatory Chemokines and Cytokines in Autoimmune
Atherosclerosis

The recruitment of monocytes and lymphocytes in the atherosclerotic plaque is
mediated by several molecules released by endothelial cells such as leukocyte

Atherosclerosis and Autoimmunity Chapter j 5 133



adhesion molecules like E-selectin, vascular cell adhesion molecule-1
(VCAM-1), and intercellular adhesion molecule-1 (Hsueh et al., 2016).
Their expression is induced by proinflammatory cytokines such as TNF-a and
IL-1, and also by the exposition of endothelial cells to lipopolysaccharides of
Gram negative bacteria, and oxidized phospholipids such as oxLDL (Jiang
et al., 2015).

The migration of the leukocytes through the endothelium into the intima is
mediated by other chemotactic proteins including monocyte chemotactic
protein-1 (MCP-1) produced by the smooth muscle layer and endothelial cells
(Hulsmans et al., 2013).

Again, TNF-a, IL-1, as well as oxLDL can upregulate MCP-1 expression
in endothelial cells and smooth muscle cells (Han et al., 2016). Another key
molecule is the macrophage migration inhibitory factor (MIF), which seems
overexpressed in SLE patients and possess several proinflammatory properties
such as the induction of TNF-a, IL-1, IL-6, and matrix metalloproteinases, the
activation of T cells, and promotion of angiogenesis (Santos and Morand,
2009).

TNF-a is associated with high triglyceride and low HDL levels and
together with IL-1 can enhance the production of macrophage colony-
stimulating factor, granulocyte-monocyte colony-stimulating factor, and
granulocyte colony-stimulating factor in turn activating monocytes and stim-
ulating their transformation into macrophages and foam cells (López-Pedrera
et al., 2010). In addition, IFN-g can induce the foam cell formation, the
adaptive Th1-specific immune response, and plaque development (Sikorski
et al., 2011). It was shown that IL-17 and IFN-g are concomitantly present in
patients and clinical specimens of coronary AS (Akhavanpoor et al., 2014),
probably playing a synergistic proinflammatory effect.

Key Points

l Several adhesion molecules are implicated in AS including VCAM1 and
ICAM1.

l TNF-a, IL-1, as well as oxLDL can upregulate MCP-1 expression in
endothelial cells and smooth muscle cells.

l MIF is elevated in SLE patients and possesses several proinflammatory
properties such as the induction of TNF-a, IL-1, IL-6, and matrix
metalloproteinases.

3.10 Heat-Shock Proteins as Autoantigens in Atherosclerosis

HSPs have important functions in conjugation with the folding and
intracellular transport of proteins. They are phylogenetically highly conserved,
and thus human HSP60 and mycobacterial HSP65 have 55% homology (Jones
et al., 1993). As HSPs are antigenic components of infectious agents, almost
all human subjects have immune reactivity against them. Hence, immune
cross-reactivity against human HSP60 might arise. Indeed, using sonographic
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assessment of carotid lesions, subjects with subclinical AS had significantly
elevated levels of anti-HSP65 antibodies compared with controls (Xu et al.,
1993). This difference was found only in 60e79- year-old patients, but not in
younger subjects. Follow-up of these patients disclosed that these antibodies
were also associated with increased mortality (Xu et al., 1999).

The association between HSPs and AS is also demonstrated in animal
models. Rabbits immunized with material containing HSP65, either in the
form of mycobacteria or recombinant HSP65 alone, developed AS lesions
(Xu et al., 1992). In another study, C57BL/6 mice were injected with either
HSP65, HSP65-richMycobacterium tuberculosis, or phosphate-buffered saline
(PBS). Early AS was significantly enhanced in high-cholesterol diet fed mice
that were immunized with HSP65 or M. tuberculosis, compared with the
PBS-injected mice, and the lesions found in the former two groups were
associated with extensive deposits of Igs and infiltration of CD4þ lymphocytes
(George et al., 1997). In a similar study, LDL receptoredeficient mice that
were immunized with HSP65 developed significantly larger fatty streaks
compared with the BSA immunized group (Afek et al., 2000).

Key Points

l HSPs are antigenic components of infectious agents and are associated
with the development of AS.

l The association between HSPs and AS is demonstrated in animal models.

3.11 Other Factors: Vitamin D and Obesity

Vitamin D deficiency has been linked to the development of AS, even if the
direct demonstration of this phenomenon is still waiting its chance. Yet,
vitamin D has been found to have antithrombotic properties improving the risk
of CVDs (Liu et al., 2016). In this regard, the fact that a relevant percentage of
patients with SLE may also suffer from concomitant APS cannot be
disregarded. APS patients show a higher prevalence of vitamin D deficiency
compared with a healthy population and lower levels correlate with the
occurrence of thrombosis and neurological manifestations (Muniz Caldas and
Freire de Carvalho, 2013). Of relevance, active vitamin D is capable of
inhibiting the anti-b2GPI antibody-mediated tissue factor expression, thus
giving a possible explanation for the hypercoagulability observed in APS
(Agmon-Levin et al., 2011).

Obesity is associated to traditional cardiovascular risk factors (hyperten-
sion, dyslipidemia) and AS (Fuster et al., 2016). This is a key observation
considering the increased prevalence of AS and metabolic syndrome in SLE,
and that CVD is a major cause of mortality in SLE patients. High levels of
leptin and resistin and low levels of adiponectin were correlated with an
increased risk of CVD and metabolic syndrome (Versini et al., 2014). The
adipose tissue represents an important source of proinflammatory mediators
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including TNF and IL-6. These in turn may maintain a state of chronic acti-
vation of the innate immune system, perpetuating the systemic inflammatory
base of AS. Adipokines are molecules produced by white adipose tissue,
which regulate metabolism and energy homeostasis. When considering leptin,
it contributes to AS progression and seems elevated in adult and pediatric
patients with SLE, especially in those with carotid plaques (Hoffmann et al.,
2016; Scotece et al., 2012).

Key Points

l Vitamin D deficiency has been linked to the development of AS.
l Active vitamin D is capable of inhibiting the anti-b2GP I antibodyemediated

tissue factor expression.
l Obesity appears to be related to cardiovascular risk factors (hypertension,

dyslipidemia) and AS.
l Adipokines and in particular leptin contributes to AS progression and

seems elevated in adult and pediatric patients with SLE.

3.12 Systemic Lupus Erythematosus and Atherosclerosis

SLE is a chronic autoimmune disease with a multifactorial pathogenesis
including genetic and environmental factors (Conti et al., 2015). The disease is
characterized by the production of a wide range of autoantibodies (Yaniv et al.,
2015). SLE mainly affects women in their reproductive age, and any organ and
system can be involved in the pathological process. Moreover, it is well known
that patients with SLE present a higher prevalence of early AS and have a
greater risk of developing CVDs than healthy subjects (Sherer et al., 2010).
FMD has been consistently reported to be abnormal in subjects affected by AS
or presenting cardiovascular risk factors, as well as in patients with SLE (Stalc
et al., 2011). In addition, as earlier mentioned, the prevalence of AS seems to
be increased among patients with APS (Zinger et al., 2009). Of note, the
prevalence of carotid plaque has been reported to be higher in patients with
APS secondary to SLE compared with patients with primary APS (Gianna-
kopoulos and Krilis, 2013; Miyakis et al., 2006).

Moreover, in patients with primary APS, the titer of aPL antibodies often
represents an independent predictor of IMT (Ames et al., 2002; Medina et al.,
2003). This may be consistent with the observation that aCL, mostly those
b2GPI-dependent, and anti-b2GPI antibodies are important predictors for
cardiovascular events (Brey et al., 2001; Lopez et al., 2004). Furthermore,
patients with SLE and APS show a higher prevalence of traditional cardio-
vascular risk factor such as hypertension, body mass index (BMI), low
HDL-cholesterol, and ApoA-1 plasma levels when compared with controls.

Overall, these findings support the role of chronic inflammation in the
atherosclerotic vascular damage (Manzi et al., 1999). Some authors have
suggested that glucocorticoids could play a role in the development of AS; on
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the contrary, glucocorticoids are also antiinflammatory molecules that can
modulate the disease-related risk factors (Roman et al., 2001).

Key Points

l SLE presents a higher prevalence of early AS and have a greater risk of
developing CVDs than healthy subjects.

l In patients with primary APS, the titer of aPL antibodies often represents
an independent predictor of IMT.

l Patients with SLE and APS show a higher prevalence of traditional
cardiovascular risk factor such as hypertension, BMI, low HDL-cholesterol,
and ApoA-1 plasma levels.

3.13 Rheumatoid Arthritis and Atherosclerosis

RA is a systemic inflammatory disease associated with accelerated AS. In this
view, coronary heart disease (CHD) still represents a main cause of mortality
in these patients (Perricone et al., 2011). The role of inflammation and
immunity in the atherosclerotic process offers possible explanations of the
increased cardiovascular risk observed in RA patients. In the pathogenesis of
RA as well as of AS, posttranslational modifications including citrullination
and carbamylation seem to be involved. Citrullination transforms peptide-
bound arginine residues into citrulline, a non-natural aminoacid (Sokolove
et al., 2013). During the past decade, the immune response to citrullinated
peptides has been extensively studied in RA: antibodies directed to citrulli-
nated peptides (ACPA) are now a fundamental for the diagnosis of RA with a
specificity of 85e95% and a sensitivity of 68e79% (Aggarwal et al., 2013).
ACPA have a predictive roledthese antibodies can be detected before the
onset of the diseasedand a prognostic role too, being associated to a more
severe and erosive arthritis (Vander Cruyssen et al., 2007). ACPA are somehow
implicated in the pathogenesis of RA: citrullinated peptides bind HLA-DRB1
[the so-called shared epitope (SE)] and ACPA positivity strongly correlates
with SE (Ceccarelli et al., 2011). Moreover, smoking habit may induce an
immune response to citrullinated peptides, generation of ACPA, and the onset
of RA in SE carriers (Perricone et al., 2016). Only few studies investigated the
response to citrullinated peptides and the development of atherosclerotic
plaque. Sokolove et al. demonstrated a correlation between citrullinated
fibrinogen and vimentin with coronary artery calcium score in 134 female
patients with RA. Moreover, the authors detected citrullinated proteins and
PAD-4 enzyme within the atherosclerotic plaque obtained from non-RA
patients and confirmed the ability of ACPA isolated from RA patients to
targets these proteins (Sokolove et al., 2013). Citrullinated proteins and PAD
enzymes were also detected in the perivascular myocardial interstitium,
especially in RA patients (Giles et al., 2012). Cambridge et al. investigated the
possible association between antibodies to citrullinated proteins and CHD
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in 432 healthy subjects without RA followed-up for 5 years. The authors found
a significantly higher percentage of ACPA-positive subjects among those who
later developed an overt CHD compared to those who did not; the association
was still significant even after the adjustment for traditional atherosclerotic
risk factors (Cambridge et al., 2013).

Carbamylation is a chemical posttranslational modification consisting of
the addition of a cyanate group on self-peptides leading to the production of
homocitrulline. Among other factors, tobacco smoke seems to induce protein
carbamylation. The immunogenicity of homocitrulline has been recently
studied in RA patients. Shi et al. detected antibodies to carbamylated proteins
(anti-CarP) in both ACPA positive and ACPA negative patients. In the latter
group, anti-CarP positivity was strongly associated to a more erosive disease
(Shi et al., 2011). Moreover, the cross-reactivity between antibodies to
citrullinated and homocitrullinated proteins seems to be low (Shi et al., 2011).
Likewise ACPA and rheumatoid factor, anti-CarP can be detected before the
clinical onset of RA suggesting a potential predictive role for these antibodies
(Willemze et al., 2013). The exact pathogenic role of carbamylated proteins
and the effect of RA treatment on anti-CarP has not been addressed yet.
Carbamylation of lipoproteins has been described in patients with CVD.
Carbamylated high-density lipoproteins might promote atherogenesis by
impairing the balance between macrophage-mediated cholesterol uptake and
efflux (Holzer et al., 2011). On the other side, carbamylation of LDL might
induce endothelial dysfunction acting via LOX-1 (Speer et al., 2014; Ishikawa
et al., 2012). Carbamylated LDL (cLDL) may uncouple endothelial nitric
oxide (NO) synthase, thus reducing the NO bioavailability and impairing the
endothelium vasodilatation (Speer et al., 2014). Moreover, cLDL seems to
promote monocytes adhesion to endothelial cells, damage endothelial cells and
progenitor endothelial cells, and induce vascular smooth muscle cells prolif-
eration (Jaisson et al., 2008). Carbamylation of other proteins, not yet clearly
elucidated, might further contribute to the pathogenesis of AS.

Evidence of subclinical CVD has been demonstrated in patients with early
RA (Kievit et al., 2016). These patients have also been found to have a higher
prevalence of atherosclerotic plaques, increased IMT of the carotid arteries
(Veselinovic et al., 2012), and significantly impaired endothelial function
compared with controls (Yang et al., 2016). The high frequency in RA patients
of risk factors like smoking, dyslipidemia, hypertension, diabetes mellitus, and
increased BMI only partially accounts for their high cardiovascular morbidity
and mortality (Georgiadis et al., 2008). The accelerated AS observed in these
patients seems to be due to systemic inflammatory processes (Signorelli et al.,
2016). Rheumatoid synovia and atherosclerotic plaques have proinflammatory
endothelial phenotypes represented by expression of the same adhesion
molecules and cytokines. Increased formation of NO has been shown to
improve vascular function, attenuate leukocyte adhesion to endothelial cells,
inhibit platelet aggregation, and modulate smooth muscle proliferation
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(van Zonneveld et al., 2010). Elevated ADMA levels are an independent risk
factor for endothelial dysfunction, and they have been associated with
hypertension, diabetes, hypercholesterolemia, renal failure, and AS in both
experimental models and humans (Inan et al., 2016). Plasma levels of ADMA
are increased in a variety of conditions linked with increased risk of CVD.
Higher than normal levels have also been found in patients with established
CVDs and, more recently, in RA patients as well. Another potential biomarker
is apelin, a peptide that causes endothelium-dependent vasorelaxation by
triggering the release of NO (Liakos et al., 2016).

The increased risk of CVD observed in RA can be attributed to accelerated,
early AS. Using Doppler ultrasound techniques, several groups have
documented impaired FMD and IMT in patients with long-standing RA
despite chronic DMARDs treatment (Kisiel et al., 2015b). Moreover, an
association with the shared epitope has been detected, suggesting that
HLA-DRB1 allele status may predict cardiovascular risk in these patients
(Gonzalez-Gay et al., 2008).

Key Points

l RA is associated with accelerated AS, and CHD still represents a main
cause of mortality in RA patients.

l Common pathogenic mechanisms exist between RA and AS including
citrullination and carbamylation.

l In RA patients common risk factors such as smoking, dyslipidemia,
hypertension, diabetes mellitus, and increased BMI are more frequent than
in general population.

l Elevated ADMA levels are an independent risk factor for endothelial
dysfunction in RA.

4. CLINICAL MANIFESTATIONS

The clinical manifestations of AS include various aspects of cardiovascular
morbidity and mortality. These include angina pectoris, MI, cardiac arrest,
limb claudication, heart failure, transient ischemic attack, stroke, multiinfarct
dementia, renal failure, and actually all the clinical manifestations associated
with AS, decreased perfusion to target organs or arterial thrombosis. This is
true in general population, but is evident also in patients having autoimmune
diseases, who are occasionally characterized by enhanced AS (Bentzon et al.,
2014). One example for the increased risk of CVDs in SLE, the disease most
commonly associated with secondary APS, is that the risk of hospitalization
for MI, cerebrovascular accidents, and congestive heart failure was 2.27, 2.03,
and 3.01 times, respectively, greater for patients between 18 and 44 years
compared with controls (Herity et al., 1999). In a study on 22 patients with
SLE and/or APS the carotid ultrasonography and echocardiography showed a
4.5-fold increase in the presence of carotid AS in the patient group compared
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to healthy controls, and similarly a sixfold increase in the prevalence of left
ventricular hypertrophy (Roman et al., 2001). In a study by Doria et al. (2003),
the predictors of AS in SLE were not only traditional including age and
hypertension, but also the “non-traditional” including cumulative prednisone
uptake, renal involvement, and the levels of antioxidized palmitoyl arach-
idonoyl phosphocholine antibodies.

Key Points

l The clinical manifestations of AS include various aspects of cardiovascular
morbidity and mortality.

l These include angina pectoris, MI, cardiac arrest, limb claudication, heart
failure, transient ischemic attack, stroke, multiinfarct dementia, and renal
failure.

5. DIAGNOSTIC INVESTIGATIONS

Diagnosis of significant AS state is based on patients’ symptoms and objective
signs detected through the physical examination. All of the earlier-mentioned
manifestations of AS have more or less characteristic clinical presentation.
Regarding imaging studies, the gold standard for CAD is still the coronary
angiography, which can best demonstrate the state of the coronary vessels.
Similarly, ultrasound studies can evaluate narrowing and intimal plaques in the
carotid arteries, and Doppler studies can aid in the evaluation of renal artery
stenosis, for example.

Doppler ultrasonography is the method most widely used to evaluate early,
subclinical atherosclerotic modification of arterial wall (i.e., impaired
endothelial function and IMT) and it has several advantages, including
noninvasiveness, widespread availability, and relative low cost (Lee, 2014).
However, while IMT expresses a morphological change of the arterial wall,
which increases with disease progression becoming more evident in long-
standing autoimmune rheumatic disease, brachial FMD represents an
impaired endothelial responsiveness, which indicates a distinct and indepen-
dent stage of atherosclerotic process.

Barutcu et al. (2015) used transthoracic Doppler echocardiographic (TTE)
imaging methods to identify cardiac dysfunction, an indicator of subclinical
AS in asymptomatic SLE patients. The authors found several abnormalities
including larger left atrium dimension, lower Ssm, and greater E/E0 ratio
especially in those patients carrying aCL antibodies suggesting that regular
scans with TTE of SLE patients may be important to identify early cardiac
involvement (Barutcu et al., 2015).

Nonetheless, in the setting of autoimmunity-associated AS, other less
conventional methods can be used for estimation of AS risk or extent, even
though their efficacy has not yet been proven. An alternative way to estimate
the burden of AS is by noninvasive techniques, such as the dual-helical
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computerized tomography. This method can assess calcific coronary deposits,
which are closely associated with AS. It has been proved as a noninvasive test
with a good sensitivity for the detection of coronary wall AS (Budoff et al.,
1996). Regarding serologic evaluation of patients, the presence of higher
levels of aPL antibodies might indicate an increased risk or presence of
enhanced AS.

Surrogate biomarkers have then been suggested. Beside the traditional risk
factors for CVD suggested by the Framingham heart studies, including older
age, male gender, smoking, high total cholesterol and LDL levels, high
systolic blood pressure, diabetes, and left ventricular hypertrophy, there are
disease-specific risk factors for AS in autoimmune conditions. For instance,
when considering SLE, some authors suggested that higher disease activity
was significantly associated with less plaque, but longer disease duration
positively correlated with AS. The double proinflammatory role of HDL
cannot be disregarded since it must be reminded that, during acute phase, HDL
can be converted from their usual antiinflammatory state to proinflammatory,
and cause increased LDL oxidation. It was shown that 85% of patients with
SLE and carotid plaques had piHDL; moreover, piHDL have been identified as
an independent risk factor in RA and APS (McMahon et al., 2014).

Homocysteine should be tested in patients with autoimmune diseases since
high levels have been linked to AS in the general population (Bonciani et al.,
2016). Homocysteine is toxic to endothelial cells, is prothrombotic, decreases
nitric oxide availability, and stimulates foam cell formation (Perna et al., 2010;
Mok et al., 2010; Thampi et al., 2008). In SLE, high homocysteine levels are
also associated with subclinical AS, and, of course, particular concern should
be used when methotrexate is administered (Fijnheer et al., 1998).

Key Points

l Doppler ultrasonography is the method most widely used to evaluate early
atherosclerotic modification of arterial wall.

l Regular scans with transthoracic echocardiographic of SLE patients may
be important to identify early cardiac involvement.

l Disease-specific risk factors for AS must be considered.

6. TREATMENT

The treatment of the atherosclerotic process should be aimed first at
minimizing the Framingham risk factors, then at switching off the inflam-
matory process, and finally, in case of overt CVD, it should be according to the
clinical presentation.

Patients should be at least annually screened for traditional modifiable risk
factors for CVD, including smoking status, blood pressure, BMI, diabetes, and
serum lipids (including total cholesterol, HDL, LDL, and triglycerides)
(Urowitz et al., 2016).
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Cessation for tobacco smoking is recommended for SLE patients at the
same extent as the control of glycemia, possibly minimizing the glucocorticoid
doses in these patients (Kiani et al., 2011). The blood pressure should be
maintained within the 130/80 mmHg, and ACE inhibitors should be consid-
ered as the first-line therapy in SLE patients with renal involvement as well as
in hypertensive patients with inflammatory arthritis because of their potential
favorable effects on inflammatory markers and endothelial function in RA
(Tselios et al., 2016). On the other hand, beblockers should be used with
caution because they possibly can precipitate Raynaud phenomenon
(Mohokum et al., 2012). Statins have several pleiotropic roles. Indeed, besides
their lipid-lowering properties, they have a number of antiinflammatory
properties such as inhibition of inflammatory cytokines, ROS formation, T-cell
activation, and upregulation of nitric oxide synthesis (Levesque and Weinberg,
2004). The antimalarials such as hydroxychloroquine (HCQ), are car-
dioprotective, although there are isolated reports of HCQ cardiotoxicity
(Stojan and Petri, 2013), and HCQ use has been associated with less aortic
stiffness (Selzer et al., 2001) and less plaque on carotid ultrasound in SLE.
There are reports suggesting that HCQ may reduce the risk of thrombosis in
SLE patients. In another study, it was demonstrated that HCQ administration
normalized the NO availability in a mouse model of SLE suggesting a role of
HCQ in vascular protection via an antioxidant effect (Gómez-Guzmán et al.,
2014).

Elevated cumulative glucocorticoid dosage and perpetrated treatment have
been associated with AS in SLE patients (Moya et al., 2016). A prednisone
dosage higher than 10 mg/day independently predicts high cholesterol levels;
thus, the lowest glucocorticoid dosage should be used in autoimmune patients
and for the shortest period (Schanberg et al., 2009).

There is evidence that immunosuppressants such as mycophenolate mofetil
(MMF) may decrease AS for instance by modulating plaque expression of
inflammatory genes and activated T cells with increased numbers of Treg cells
(Alpert et al., 2007). In LDLr�/� mice reconstituted with SLE-prone bone
marrow, MMF treatment significantly reduced atherosclerotic burden and
recruitment of CD4þ T cells to atherosclerotic plaques (van Leuven et al.,
2012). Van Leuven et al. found that the reduction of cholesterol levels alone is
not atheroprotective in lupus-mediated atherogenesis and that MMF reduces
the atherosclerotic burden in a model of lupus-accelerated AS, conversely
from atorvastatin (van Leuven et al., 2010).

Despite the pathogenic role of B cells not only in SLE but also in AS, it is
known that depletion of B cells from AS-prone mice leads to increased AS
(Tsiantoulas et al., 2014). A possible explanation is that subsets of B cells
produce atheroprotective molecules such as IL-10 and anti-oxLDL antibodies
(Sage and Mallat, 2014). Nonetheless, B-celledepleting therapies with anti-
CD20 antibodies seem to significantly reduce AS in both the ApoE�/� and
the LDLr�/� AS-prone mouse models (Kyaw et al., 2012). On the other hand,

142 The Heart in Systemic Autoimmune Diseases



azathioprine usage was associated with CAD and with increased carotid IMT
in a pediatric SLE cohort (Haque et al., 2010). Methotrexate, widely used to
treat RA, increases plasma levels of homocysteine, which is a novel, and
potentially modifiable, risk factor for CVD in the general population.
Concomitant folate supplementation during methotrexate treatment prevents
such increase of homocysteine and, more importantly, seem to reduce CVD
mortality in RA patients (Kisiel et al., 2015b). Many patients at risk for
thrombosis, such as SLE/APS patients, are given aspirin, which can decrease
the chance of arterial thrombosis, regardless of the underlying mechanism (the
procoagulant activity of autoantibodies, or the enhanced AS state character-
izing these diseases). However, one should remember that the best treatment is
prevention. Patients having autoimmune diseases are at increased risk for
CVDs and enhanced AS not only due to the autoimmune process, but also due
to drugs such as steroids, or disease complications such as nephritis leading to
hypertension and nephrotic syndrome. Additionally, other classical risk factors
might be found in autoimmune diseases. In SLE, there are elevated
triglycerides and VLDL cholesterol, decreased HDL cholesterol, and apoA-1
(Borba and Bonfá, 1997), and also elevated levels of homocysteine (Petri et al.,
1996). Therefore, patients should receive preventive therapy with education
for regular exercise, blood pressure control, and when appropriate use of
statins and/or folic acid. Immunomodulation of AS is also an option, even
though it is still in the experimental stages (Sherer and Shoenfeld, 2002). It
includes use of intravenous Igs, immunosuppression, oral tolerance with
autoantigens such as oxLDL, bone-marrow transplantation, cytokine
inhibitors, and gene therapy.

Key Points

l Patients should be screened for traditional modifiable risk factors for CVD,
including smoking status, blood pressure, BMI, diabetes, and serum lipids
(including total cholesterol, HDL, LDL, and triglycerides).

l Glucocorticoids should be used for the shortest period and dosage should
be minimized.

l Immunosuppressants, but azathioprine, may improve the inflammatory
status thus ameliorating the atherosclerotic process.

l Antimalarials have several antiatherogenic effects also on endothelium.
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Gualillo, O., 2012. Role of adipokines in atherosclerosis: interferences with cardiovascular

complications in rheumatic diseases. Mediators Inflamm. 2012, 125458.

Selzer, F., Sutton-Tyrrell, K., Fitzgerald, S., Tracy, R., Kuller, L., Manzi, S., 2001. Vascular

stiffness in women with systemic lupus erythematosus. Hypertension 37, 1075e1082.

Sharma, S.K., Rathi, M., Sahoo, S., Prakash, M., Dhir, V., Singh, S., 2016. Assessment of

premature atherosclerosis in systemic lupus erythematosus patients with and without nephritis.

Lupus 25, 525e531.

Atherosclerosis and Autoimmunity Chapter j 5 151



Sherer, Y., Shoenfeld, Y., 2002. Immunomodulation for treatment and prevention of atheroscle-

rosis. Autoimmun. Rev. 1, 21e27.

Sherer, Y., Shoenfeld, Y., 2003. Antiphospholipid antibodies: are they pro-atherogenic or an

epiphenomenon of atherosclerosis? Immunobiology 207, 13e16.

Sherer, Y., Levy, Y., Shoenfeld, Y., 2000. Intravenous immunoglobulin therapy of antiphospholipid

syndrome. Rheumatology (Oxford) 39, 421e426.

Sherer, Y., Zinger, H., Shoenfeld, Y., 2010. Atherosclerosis in systemic lupus erythematosus.

Autoimmunity 43, 98e102.

Shi, J.,Knevel, R., Suwannalai, P., vander Linden,M.P., Janssen,G.M., vanVeelen, P.A., Levarht, N.E.,

van der Helm-van Mil, A.H., Cerami, A., Huizinga, T.W., Toes, R.E., Trouw, L.A., 2011. Auto-

antibodies recognizing carbamylated proteins are present in sera of patients with rheumatoid

arthritis and predict joint damage. Proc. Natl. Acad. Sci. U S A 108, 17372e17377.

Shoenfeld, Y., Sherer, Y., George, J., Harats, D., 2000. Autoantibodies associated with athero-

sclerosis. Ann. Med. 32, 37e40.

Shoenfeld, Y., Twig, G., Katz, U., Sherer, Y., 2008. Autoantibody explosion in antiphospholipid

syndrome. J. Autoimmun. 30, 74e83.

Signorelli, S.S., Candido, S., Salemi, R., Fiore, V., Mangiafico, M., Libra, M., 2016. Low levels of

inflammation and the absence of subclinical atherosclerosis in rheumatoid arthritis. Mol. Med.

Rep. 13, 3521e3524.

Sikorski, K., Czerwoniec, A., Bujnicki, J.M., Wesoly, J., Bluyssen, H.A., 2011. STAT1 as a novel

therapeutical target in pro-atherogenic signal integration of IFNg, TLR4 and IL-6 in vascular

disease. Cytokine Growth Factor Rev. 22, 211e219.

Sinicato, N.A., da Silva Cardoso, P.A., Appenzeller, S., 2013. Risk factors in cardiovascular

disease in systemic lupus erythematosus. Curr. Cardiol. Rev. 9, 15e19.

Sokolove, J., Brennan, M.J., Sharpe, O., Lahey, L.J., Kao, A.H., Krishnan, E., Edmundowicz, D.,

Lepus, C.M., Wasko, M.C., Robinson, W.H., 2013. Brief report: citrullination within the

atherosclerotic plaque: a potential target for the anti-citrullinated protein antibody response in

rheumatoid arthritis. Arthritis Rheum. 65, 1719e1724.

Soltész, P., Szekanecz, Z., Kiss, E., Shoenfeld, Y., 2007. Cardiac manifestations in anti-

phospholipid syndrome. Autoimmun. Rev. 6, 379e386.

Sorice, M., Longo, A., Capozzi, A., Garofalo, T., Misasi, R., Alessandri, C., Conti, F., Buttari, B.,
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Key Points

l Chronic dysregulation of early proatherogenic inflammatory pathways may
lead to the activation of innate and adaptive immune responses affecting
the endothelium, platelets, and arterial wall.

l As with the adaptive immunity, it is now recognized that the innate im-
mune response can cause tissue and organ injury that if left unchecked can
progress into chronic inflammatory processes and to disease states.

l Cholesterol crystals and oxidized low-density lipoprotein (oxLDL) can
activate endogenous sensors (NLRP3 inflammasomes) to generate proin-
flammatory IL-1 cytokines.

l OxLDL/b2-glycoprotein I (b2GPI) complexes are quickly incorporated into
macrophage lysosomes where inflammasome/IL-1 activation is initiated,
suggesting a role for b2GPI in innate immunity and chronic inflammation.

l OxLDL and oxLDL/b2GPI complexes may initiate an early atherogenic
inflammatory response via the innate inflammasome/IL-1 pathway, sub-
sequently may perpetuate it via an adaptive immune response that favors
the progression of atherosclerosis.

1. INTRODUCTION

Lipid peroxidation of low-density lipoprotein (LDL) in the arterial intima is
a key event in the initiation and progression of atherosclerosis. Oxidized
LDL (oxLDL) is a highly inflammatory and immunogenic molecule that
promotes a prothrombotic endothelial dysfunction, the synthesis and
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secretion of proinflammatory and chemotactic cytokines that result in the
activation of an atherothrombotic immune response. These abnormalities
promote recruitment of macrophages and their subsequent activation and
intracellular lipid accumulation within atherosclerotic lesions (Libby, 2002;
Hansson, 2005). Most of the research into the autoimmune pathogenesis of
atherothrombosis has been directed to the adaptive immune system. How-
ever, in the recent years, attention has turned to the fundamentals of in-
flammatory mechanisms in particular to the role of innate immunity
(Hartvigsen et al., 2009; Lundberg and Hansson, 2010).

The innate immune system provides an immediate first-line host defense
against a wide variety of pathogens and endogenous danger molecules pro-
duced by the damaged tissue, cell irritants, or metabolic by-products such as
oxLDL. This may lead to a sustained activation of inflammatory responses and
progress into the more specific and memory-bearing adaptive immune
response. As with the adaptive immunity, it is now recognized that the innate
immune response can cause tissue and organ injury. If such a condition is left
unimpeded, it can progress into chronic inflammatory processes and further
develop into disease states.

2. LIPID DYSREGULATION IN AUTOIMMUNITY

The underlying metabolic abnormalities associated with atherosclerosis cause
a systemic inflammatory background and immune activation that affect the
vasculature. The exact mechanisms by which metabolic stress initiates and
promotes an inflammatory response and atherogenesis are now better under-
stood (Yin et al., 2013). The oxidative modification of LDL into oxLDL is a
significant early inflammatory trigger of atherogenesis associated with the
activation of a cytoplasmic system of metabolic sensors referred to as
inflammasomes. The activation of inflammasomes requires the upregulation of
its components and their posttranslational assembly to convert pro-caspase-1
and IL-1 into proinflammatory active cytokines. Metabolic inflammasome
activators causing lysosome damage and reactive oxygen species (ROS)
generation have been shown to activate potent inflammatory responses. The
chronic metabolic activation of inflammasomes and the proinflammatory
background generated will further promote the immune activation of mono-
cyte/macrophage and T-lymphocytes to sustain the progression of the disease.
Thus, both the innate inflammatory and adaptive immune responses are
important pathologic mechanisms underlying atherosclerosis.

The premature (or accelerated) development of atherosclerosis is now a
recognized complication in patients with systemic autoimmune diseases such
as systemic lupus erythematosus (SLE) and the antiphospholipid syndrome
(APS). The causal relationship between antiphospholipid antibodies and
vascular thrombotic events is widely accepted and better understood. In
addition to venous thromboembolism, patients with SLE and APS may
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develop premature atherosclerotic cardiovascular disease associated with
significant morbidity and mortality that are not fully explained by the classic
risk factors (Schattner and Liang, 2003). Further, the contributory role of an
adaptive immune response represented by autoantibodies to b2-glycoprotein I
(b2GPI) and oxLDL in atherosclerosis is also now widely recognized
(Kobayashi et al., 2005).

Systemic autoimmune diseases present chronic dyslipidemia characterized
by decreased HDL, high triglycerides, and elevated LDL (Frostegard, 2005;
Matsuura et al., 2008). On this background, systemic generation of free rad-
icals by endothelial and circulating mononuclear cells may induce oxidative
modifications of LDL (oxLDL). The scavenger receptor-mediated uptake of
oxLDL by arterial mononuclear cells results in the release of inflammatory and
chemotactic cytokines in the early stages of atherosclerosis, leading to an
excessive intracellular accumulation of oxLDL (Hasunuma et al., 1997).
Additionally, immunostaining of human atherosclerotic lesions colocalized
b2GPI with oxLDL, suggesting a close relationship of these molecules (Ylä-
Herttuala et al., 1989; George et al., 1999). It therefore seems that b2GPI is
strongly implicated in the development of autoimmune arterial and venous
thromboembolism, and that oxLDL/b2GPI are involved in atherogenesis.
Hence, these observations support the general concept that autoimmunity
plays a role in the development of premature cardiovascular disease (Matsuura
et al., 2005).

Moreover, experiments evaluating the intracellular trafficking of b2GPI
within macrophages showed that only complexed b2GPI (to phosphatidylser-
ine liposomes or to oxLDL) was rapidly transported to lysosomes, to which the
addition of antibodies to b2GPI further accelerated this process (Kajiwara
et al., 2007; Kuwana et al., 2005). In this respect, b2GPI can be viewed as a
component of the innate immunity but once bound to oxLDL, the complex
may shift to the generation and maintenance of an adaptive immune response
that may play an important role in atherogenic inflammation via the inflam-
masome/IL-1b system.

3. INNATE IMMUNITY AND INFLAMMATORY SIGNALING
MECHANISMS

Cells of the innate immune system (neutrophils, macrophages, dendritic, etc.)
play key roles in mediating inflammatory responses as they are equipped with
an array of signaling receptors that detect foreign substances (pathogens) or
altered endogenous molecules generated under stressful situations (Akira
et al., 2006) (Fig. 6.1). The innate immune system is an early and perhaps a
primitive form of host defense found in all animal species and even plants. It
provides an immediate response to harmful agents before the most efficient
and specific adaptive immune response becomes activated and turns into ac-
tion. The innate immune system relies on transmembrane signaling and
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intracellular receptors (danger sensors) that trigger varied biological re-
sponses. The receptors of the innate immune system evolved to recognize
molecules that are broadly shared by pathogenic microorganisms but distin-
guishable from host molecules (pathogen-associated molecular patterns or
PAMPs). They also recognize damaged tissue and modified self-molecules.
Pattern recognition receptors (PRR) include a transmembrane set of toll-like
receptors (TLRs) found on macrophages, dendritic cells, and epithelial cells
(exogenous sensors) that recognize different types of PAMPs. TLRs turn on
the signaling cascades that lead to the expression of various cytokine genes
such as tumor necrosis factor a (TNFa), IL-1, and chemokines via activation
of NF-kB, which promote inflammation at the site of the interaction
(Bauernfeind et al., 2009). It has been recently reported that two oxidized
lipids (27-hydroxycholesterol and 4-hydroxynonenal) may contribute to
atherosclerotic plaque instability, matrix degradation, and rupture by sustain-
ing the release of inflammatory cytokines and MMP-9 by immune cells
through the activation of TLR4 and NK-kB downstream signaling pathway
(Gargiulo et al., 2015).

Two families of intracellular receptors (endogenous sensors) have been
described: retinoic acid-inducible gene I-like helicases and nucleotide-binding
leucine-rich receptors (NLRs) (Gargiulo et al., 2015; Meylan et al., 2006).
NLR is a family of intracellular (cytoplasmic) immune receptors with more
than 20 members in humans. NLR members are characterized by leucine-rich

FIGURE 6.1 Multiple signaling pathways of innate immunity-mediated inflammatory responses.
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repeats (LRR) and a nucleotide-binding domain (NBD) by the C-terminal.
Differences in their N-terminal subcategorize NLR members. Members of the
largest subgroup have an N-terminal pyrin domain (PYD) and are called pyrin-
containing NLRs (NLRPs). N-terminal caspase recruitment domain (CARD)
characterizes the NLRCs members. NLRP1, NLRP3, and NLRC4 can activate
proinflammatory caspases in response to various endogenous stimuli. Acti-
vated caspase-1 controls the maturation of IL-1 family of cytokines. As
described in the following, multimolecular complexes of NLRs are referred to
as inflammasomes because they regulate inflammatory caspases and IL-1
cytokines. NLRP3 activates pro-caspase-1 by recruiting the adapter protein
ASC (apoptosis-associated speck-like protein) containing a caspase recruit-
ment (CARD) and PYD domains. ASC and NLRP3 oligomerize with pro-
caspase-1 via PYD and CARD terminals to form inflammasomes. In resting
cells, caspase-1 is present in an inactive form (pro-caspase-1) (Stutz et al.,
2009). Endogenous signals promote polymerization of pro-caspase-1 with
NLRP3 inflammasomes. Pro-caspase-1 was previously known as IL-1 con-
verting enzyme. Pro-caspase-1/NLRP3 inflammasome complexes activate
caspase-1 to proteolytically cleave pro-IL-1b (35-kDa) into bioactive cytokine
IL-1b (17-kDa), a potent pyrogen, initiator of acute-phase response, and
activator of mononuclear immune-inflammatory cells (Martinon et al., 2002).

Given these functions, IL-1b is considered a potent proinflammatory
cytokine with potential deleterious effects if produced uncontrollably.
Caspase-1 can also cleave other proinflammatory members of the IL-1 family
like IL-18 and possibly IL-33. Secretion of mature IL-1 cytokines may occur
by shedding exosomes from plasma membranes or through unidentified
plasma membrane transporters. Release of IL-1 cytokines may precede cas-
pase-1einduced inflammatory cell death seen in response to infections and
called pyroptosis with characteristics of both apoptosis and necrosis
(Dinarello, 2009). Production of pro-IL-1b and NLRP3 activation can also be
mediated through cytokine transmembrane receptors (TNF receptor) or pattern
recognition receptors such as TLRs. Released proinflammatory IL-1b cyto-
kines can then activate other cells or self-perpetuate this activation cycle by
binding the IL-1R in a feed-forward loop (Ting et al., 2008).

As previously mentioned, NLRP3 inflammasomes can be assembled by
stimuli from cytoplasmic proteolytic activity that occurs during lysosomal
damage and resulting ROS. NLRPs are thought to act as danger sensors to
exogenous but mostly to endogenous signals generated by either infectious or
cellular (metabolic) stress. The substances capable of activating NLRP3
inflammasome are manifold and diverse in nature and structure. They include
infectious agents (leishmania, staphylococcus, listeria, influenza A) and toxins
(lipopolysaccharide) to particles (microcrystals in gout and pseudogout) and
metabolic alterations (low potassium, adenosine triphosphate, hyperglycemia,
oxidative stress) (Petrilli et al., 2007; Martinon et al., 2006).
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Host-derived oxidation-specific epitopes may be the major activators of
innate immunity, recognized by a variety of PRRs (Miller et al., 2011) and
therefore can be considered “danger (or damage)-associated molecular pat-
terns.” Oxidation-specific epitopes present on apoptotic cells and their cellular
debris may have provided the primary evolutionary selection of PRRs. Lipid
peroxidation is ubiquitous and represents a major component of the
inflammatory state associated with atherosclerosis. Thus, the generation of
oxidation-specific epitopes may activate innate immunity through endogenous
cytoplasmic sensors such as inflammasomes.

4. INFLAMMASOMES AND IL-1b IN ATHEROGENESIS

Atherosclerosis is a multifactorial low-grade inflammatory disease of the
arterial wall that starts with a systemic immune-inflammatory process
associated with dyslipidemic and prothrombotic phenotypes that evolves into
localized intra-arterial lesions (plaques). No unifying hypothesis has been
proposed likely due to the diverse nature and complex interrelationship of
these mechanisms (Tall and Yvan-Charvet, 2015). Nonetheless, the search for
newer and earlier atherogenic mechanisms such as those related to the innate
immunity is gaining popularity. Whether these efforts will provide a unifying
view remains as an open question. There is one clinical study showing that
IL-1 blockade prevents adverse cardiac remodeling after acute myocardial
infarction (Abbate et al., 2010). The recombinant IL-1 receptor antagonist
anakinra was safe and favorably affected left-ventricular remodeling in
patients with ST-segment elevation myocardial infarction, a condition
characterized by an intense inflammatory response mediated in great part by
IL-1, suggesting that this therapeutic strategy may prevent heart failure. If
mechanisms operating in autoinflammatory diseases also operate in athero-
sclerosis, they may offer new and perhaps more efficient targets for early
intervention or prevention.

Published experimental evidence on the role of inflammasome-induced
IL-1b dysregulation in atherosclerotic cardiovascular disease is sparse but
very informative (Table 6.1). The effect of proinflammatory cytokines (IL-1b
and TNFa) on macrophage foam cells (lipid-loaded THP-1 cells) was studied
by Persson et al. (2008). Cells incubated in the absence of cytokines utilized
accumulated neutral lipids such as triglycerides. The addition of exogenous
IL-1b (and TNFa) resulted in a dose-dependent retention of intracellular
cholesterol and triglycerides. The authors concluded that IL-1b and TNFa
enhance macrophage foam cell formation, in part by inhibition of intracellular
lipid catabolism, and speculated that if these mechanisms are operative
in vivo, it will further the proatherogenic role of these two cytokines.

The role of NLRs receptors in pathology was reviewed by Connat (2011),
who argued for the role of inflammasomes in the development of cardiovas-
cular diseases. The bioactivation of atherogenic cytokines such as IL-1b and
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IL-18 is NLRP inflammasome dependent. Immunocytochemistry showed that
NLRP3 inflammasomes are expressed in plaques, upregulated and activated in
the CD11b(þ)Gr1(high) atherosclerosis-prone monocyte subset and modu-
lated by oxLDL in murine macrophages. He concluded that NLRP3 inflam-
masome is involved in atherosclerosis.

Human macrophages avidly phagocytose cholesterol crystals and stored
the ingested cholesterol as cholesteryl esters (Rajamäki et al., 2010).

TABLE 6.1 Evidence for a Role of IL-1b and Pyrin-Containing Nucleotide-

Binding Leucine-Rich Receptors (NLRP) Inflammasomes in Atherogenesis

Study Model Year Results Reference

Differentiated primary
human macrophages, THP-1
(in vitro)

2008 Intracellular lipid retention in
IL-1b and TNF-a enhanced
macrophage foam cells

Persson
et al.
(2008)

Explanted human
atherosclerotic arteries. IL-1
receptor antagonist
polymorphism

2009 Atherosclerotic arteries
exhibited elevated IL-1b and
IL-1Ra as compared to normal
arteries

Olofsson
et al.
(2009)

Human macrophages
(in vitro)

2010 Cholesterol
crystalsemediated release of
IL-1b was facilitated by
caspase-1edependent
mechanism through the
involvement of inflammasome
activation pathway

Rajamäki
et al.
(2010)

Murine atherosclerotic
models (in vivo)

2010 Activation of NLRP3
inflammasomes and
inflammation (endogenous
danger signals) by cholesterol
crystals via phagolysosomal
damage

Duewell
et al.
(2010)

Murine diabetic models
(in vivo)

2010 Uric acid crystals activated
NLPR3 inflammasomes in
thioredoxin-dependent
conduit

Zhou et al.
(2010)

Murine macrophage model
(in vitro)

2011 Matured atherogenic
cytokines, IL-1b, and IL-18 are
discovered in NLRP
inflammasomes. Upregulation
and activation of plaque
NLRP3 inflammasomes in
murine macrophages are
modulated by oxLDL

Connat
(2011)
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Cholesterol crystals induced dose-dependent secretion of mature IL-1b from
human monocytes and macrophages. The cholesterol crystaleinduced secre-
tion of IL-1b was caspase-1 dependent, suggesting the involvement of an
inflammasome-mediated pathway. Silencing the NLRP3 receptor, the crucial
component of NLRP3 inflammasome, completely abolished crystal-induced
IL-1b secretion, thus identifying NLRP3 inflammasome as the cholesterol
crystaleresponsive element in macrophages. The crystals were shown to
induce leakage of the lysosomal protease cathepsin B into the cytoplasm, and
the inhibition of this enzyme reduced cholesterol crystaleinduced IL-1b
secretion suggesting that NLRP3 inflammasome activation occurred via
lysosomal destabilization. The cholesterol crystaleinduced inflammasome
activation in macrophages may represent an important link between choles-
terol metabolism and inflammation in atherosclerotic lesions.

Using a microscopic technique, Duewell et al. (2010) showed that minute
cholesterol crystals appear very early in diet-induced atherosclerotic lesions in
mice, and that their appearance coincided with the first appearance of in-
flammatory cells. They showed that cholesterol crystals activate the NLRP3
inflammasome in phagocytes in a process that involves phagolysosomal
damage. Similarly, when injected intraperitoneally, cholesterol crystals
induced acute inflammation. This response was impaired in mice deficient in
components of the NLRP3 inflammasome, cathepsin B, cathepsin L, or IL-1
molecules. Minimally modified LDL can lead to cholesterol crystallization
concomitant with NLRP3 inflammasome priming and activation in macro-
phages. Although there is the possibility that oxidized LDL activates NLRP3
inflammasomes in vivo, these results demonstrate that crystalline cholesterol
acts as an endogenous danger signal and its deposition in arteries or elsewhere
is an early cause rather than a late consequence of inflammation. These
findings provide new insights into the pathogenesis of atherosclerosis and
indicate new potential molecular targets for the therapy of this disease.

Zhou et al. (2010) demonstrated that NLRP3 interacted with thioredoxin-
interacting protein (TXNIP), a protein linked to insulin resistance. Inflam-
masome activators such as uric acid crystals induced the dissociation of
TXNIP from thioredoxin in an ROS-sensitive manner and allowed it to bind
NLRP3. TXNIP deficiency impaired activation of the NLRP3 inflammasome
and subsequent secretion of IL-1b. Akin to Txnip(�/�) mice, Nlrp3(�/�)
mice showed improved glucose tolerance and insulin sensitivity. The partici-
pation of TXNIP in the NLRP3 inflammasome activation may provide a
mechanistic link to the observed involvement of IL-1 in the pathogenesis of
type 2 diabetes.

IL-1b, IL-1 receptor 1 (IL-1R1), and IL-1 receptor antagonist (IL-1Ra)
using TaqMan PCR and ELISA on fresh and endotoxin-stimulated explanted
human atherosclerotic and normal arteries were analyzed by Olofsson et al.
(2009). Two hundred forty-three survivors of a first myocardial infarction were
genotyped for polymorphism of IL-1Ra and their coronary atherosclerosis
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analyzed by coronary angiography. Levels of IL-1b, IL-1Ra, and IL-1R1
mRNA were significantly increased in atherosclerotic arteries compared to
normal arteries. Endotoxin stimulation increased IL-1b levels more than IL-
1Ra levels (promoting a proinflammatory state). A polymorphism of IL-1Ra
known to increase levels of IL-1Ra was associated with decreased mean
coronary artery plaque area. Activation of innate immunity changed the bal-
ance between IL-1b and IL-1Ra in atherosclerotic arteries toward a more
proinflammatory state. In line with this, the presence of an IL-1Ra intron two
polymorphism known to increase IL-1Ra levels, and possibly the IL-1Ra:IL-
1b ratio, was associated with reduced coronary atherosclerosis.

5. b2-GLYCOPROTEIN I IN ATHEROGENIC INNATE
IMMUNITY

Once ascertained that b2GPI was the main antigenic target for anti-
phospholipid antibodies, the functions of b2GPI started slowly unraveling;
initially described as a natural anticoagulant, b2GPI has more pleiotropic
functions affecting fibrinolysis, angiogenesis, apoptosis as well as athero-
genesis due to its interaction with oxLDL (De Groot and Meijers, 2011). In
fact, unlike native LDL, b2GPI binds oxLDL via specific oxidative-derived
ligands to form stable and atherogenic oxLDL/b2GPI complexes (Kobayashi
et al., 2001). The interaction between oxLDL and b2GPI suggest an antioxi-
dant role of b2GPI by quenching the proinflammatory and proatherogenic
effects of oxLDL. But in doing so, oxLDL/b2GPI complexes also become
immunogenic triggering the production of autoantibodies and immune
complexes.

Current evidence points toward the atherosclerotic lesions as the primary
site of oxLDL/b2GPI complex formation with subsequent release into the
circulation. OxLDL/b2GPI and immune complexes upregulate the macro-
phage expression of scavenger and FcgRI receptors and stimulate further
oxLDL/b2GPI uptake and rapid accumulation in lysosomes where danger
signals are processed supporting our speculation that in addition to oxLDL,
b2GPI contributes to the activation of inflammasomes. It is possible that
b2GPI-containing complexes mimic crystal structures or aggregated pep-
tides capable of activating inflammasomes. It is also possible that the rapid
transportation of b2GPI to lysosomes is an innocent bystander translocation
that nonetheless activates inflammasomes.

Emerging experimental evidence had suggested the occurrence of a low-
grade autoinflammatory process and immune activation in thrombotic primary
APS and premature atherosclerosis (Ames et al., 2008). Antibodies to b2GPI
derived from patients with primary APS induced the endothelial cell expression
of multiple proinflammatory genes, including adhesion molecules and receptors
(TNFa, IL-1 receptor 1, IL-18 receptor 1, E-selectin, ICAM, VCAM, etc.) and
cytokines/chemokines (IL-6, IL-1b, IL-8) (Hamid et al., 2007). The same
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markers have been associated with rapidly progressive atherosclerosis in
nonautoimmune populations. Outside the autoimmune setting, antiphospholipid
antibodies (anti-b2GPI and anti-oxLDL/b2GPI) as well as oxLDL/b2GPI
complexes have been demonstrated in patients with type 2 diabetes and
cardiovascular disease including acute coronary syndromes (ACS) (Lopez et al.,
2005; Ames et al., 2010). The presence of these antibodies in ACS was
associated with a 2.9-fold risk of adverse outcomes. Serum levels of oxLDL/
b2GPI complexes in higher quartiles positively correlated with the severity of
the disease assessed by angiography and with a 3.5-fold increased risk (Greco
et al., 2010). When both antibodies and complexes were present, the risk
increased 14-fold, suggesting a synergistic effect between oxLDL/b2GPI and its
antibodies.

6. SUMMARY AND CONCLUSIONS

Endogenous atherogenic danger signals capable of dysregulating an
inflammasome-induced IL-1b response may represent an early underlying
inflammatory mechanism at play in atherosclerotic cardiovascular diseases.
An atherogenic inflammasome/IL-1b response may be driven more by oxLDL
than b2GPI because oxLDL is likely generated before oxLDL/b2GPI com-
plexes; in either case, these two molecules may represent evolving danger
signals that initially stimulate only the innate immunity, but if left unhindered,
the latter may progress to an atherogenic adaptive immune response. Whether
or not b2GPI complexed with oxLDL activates the proinflammatory inflam-
masome/IL-1b pathway seems likely but remains to be verified.

Acute-phase proteins are among the factors that could hamper an
atherogenic adaptive response by oxLDL/b2GPI complexes. C-reactive pro-
tein (CRP), serum amyloid A, and components of the complement system are
considered soluble PRR innate immunity receptors capable of recognizing
distant pathogenic stimulus (exogenous danger signals) and able to activate
host inflammatory and phagocytic responses. We have demonstrated that
CRP can bind oxLDL or oxLDL/b2GPI, and reported circulating oxLDL/
b2GPI/CRP (and oxLDL/CRP) complexes in patients with primary APS and
type 2 DM (Greco et al., 2010; Tabuchi et al., 2007). An interesting question
is whether the interaction between CRP, oxLDL, and b2GPI indicates an
innate immune response developing in the arterial wall. How can inflam-
masome/IL-1b activation be assessed in the clinical laboratory? Perhaps in
addition to measuring IL-1b directly, levels of CRP, oxLDL, oxLDL/b2GPI,
or oxLDL/CRP may point to an inflammasome/IL-1b response.

When high serum levels of oxLDL/b2GPI are detected, the (cytoplasmic)
endogenous process may be so advanced that is already disseminated (sys-
temic) and detectable by other means, i.e., IMT, angiography, imaging, etc. If
an antibody response to any of these elements is developed, i.e., anti-oxLDL,
anti-b2GPI, or anti-oxLDL/b2GPI antibodies, the process had already reached
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the level of an adaptive immune response pushing toward full clinical disease
expression and possibly indicating adverse outcomes. The measurement of
these biomarkers could provide more specific information about an underlying
atherogenic inflammasome/IL-1b response. Intervention (prevention) at this
level may be more effective as has been shown with classical auto-
inflammatory diseases.

ACKNOWLEDGMENTS

This study was supported in part by grant-in-aid for scientific research from the Ministry of

Education, Culture, Sports, Science and Technology (Japan) and the Ministry of Health,

Labor and Welfare (Japan).

Disclosures

LRL is an employee (Medical Director) of Corgenix, Inc.

REFERENCES

Abbate, A., Kontos, M.C., Grizzard, J.D., Biondi-Zoccai, G.G., Van Tassell, B.W., Robati, R.,

Roach, L.M., Arena, R.A., Roberts, C.S., Varma, A., Gelwix, C.C., Salloum, F.N., Hastillo, A.,

Dinarello, C.A., Vetrovec, G.W., 2010. Interleukin-1 blockade with anakinra to prevent

adverse cardiac remodeling after acute myocardial infarction (Virginia Commonwealth Uni-

versity Anakinra Remodeling Trial [VCU-ART] Pilot study). Am. J. Cardiol. 105, 1371.

Akira, S., Uematsu, S., Takeuchi, O., 2006. Pathogen recognition and innate immunity. Cell

124, 783.

Ames, P.R., Antinolfi, I., Ciampa, A., Batuca, J., Scenna, G., Lopez, L.R., Delgado Alves, J.,

Iannaccone, L., Matsuura, E., 2008. Primary antiphospholipid syndrome: a low-grade auto-

inflammatory disease? Rheumatology (Oxford) 47, 1832.

Ames, P.R., Ortiz-Cadenas, A., Garcia-De La Torre, I., Nava, A., Oregon-Miranda, A.,

Batuca, J.R., Kojima, K., Lopez, L.R., Matsuura, E., 2010. Rosuvastatin treatment is associ-

ated with a decrease of serum oxidised low-density lipoprotein/beta2-glycoprotein I complex

concentration in type 2 diabetes. Br. J. Diabetes Vasc. Dis. 10, 292.

Bauernfeind, F., Horvath, G., Stutz, A., Alnemri, E.S., Macdonald, K., Speert, D., Fernandes-

Alnemri, T., Wu, J., Monks, B.G., Fitzgerald, K.A., Hornung, V., Latz, E., 2009. NF-kB

activating pattern recognition and cytokine receptors license NLRP3 inflammasome activa-

tion by regulating NLRP3 expression. J. Immunol. 183, 787.

Connat, J.L., 2011. Inflammasome and cardiovascular diseases. Ann. Cardiol. Angeiol. 60, 48.

Dinarello, C.A., 2009. Immunological and inflammatory functions of the interleukin-1 family.

Annu. Rev. Immunol. 27, 519.

Duewell, P., Kono, H., Rayner, K.J., Sirois, C.M., Vladimer, G., Bauernfeind, F.G., Abela, G.S.,
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Key Points

l Autoimmune diseases are associated with increased cardiovascular risk due
to inflammatory and immune processes adding to traditional risk factors
also affecting lipid metabolism.

l Proatherogenic lipid metabolism disturbances in autoimmune conditions
differ from disease to disease and vary with disease activity and drug
treatment.

l Lipoprotein serum levels alone have a limited value in cardiovascular risk
evaluation.

l Both lipoprotein level and function modifications in autoimmune diseases
are important for cardiovascular disease development and are currently
object of investigation.

l Treatment of lipid disturbances in autoimmune diseases is based on:
l control of disease activity, which should be obtained through a careful

choice of the less atherogenic drugs as possible;
l modulation of serum lipoprotein levels with healthy lifestyle/diet,

nutraceuticals, and drugs;
l modulation of lipoprotein functions with healthy lifestyle/diet, nutra-

ceuticals, and drugs.

1. INTRODUCTION

Autoimmune diseases are associated with increased cardiovascular (CV) risk
(Table 7.1), not only in consequence of specific disease-driven autoimmune
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processes targeting the vessels and the heart, but also because of accelerated
atherosclerosis (ATH). The latter itself is a complex multifactorial process
influenced by both classical and autoimmune diseaseeassociated risk factors.
Since the first reports of atherosclerotic lesions and ischemic heart disease in
young systemic lupus erythematosus (SLE) patients more than 40 years ago,
research has largely demonstrated that ATH plays a major role in the
premature CV disease (CVD) development, reported for most if not all
chronic autoimmune disorders (Shoenfeld et al., 2005).

Notwithstanding the increasing awareness of the problem, CVD preven-
tion and management in autoimmune disorders are still insufficient. This is
probably due to the lack of tailored algorithms or criteria for risk evaluation,
the complexity of CVD pathogenesis, and the paucity of controlled trials on
efficacy and safety of various treatment approaches in this patient population
(Hollan et al., 2015). For example, Corrales recently reported that more than
60% RA patients with an mSCORE between 2 and 4, corresponding to
moderate CV risk, present carotid artery plaques (Corrales et al., 2014),
instrumental finding considered equivalent to a previous CV event in CVD
prevention guidelines (Perk et al., 2012). In particular, the complex and
peculiar lipid metabolism disturbances demonstrated in autoimmune patients
raise uncertainty on the use of the classical lipid indexes for CV risk calcu-
lation and on the usefulness of lipid-lowering drugs.

TABLE 7.1 Reported Cardiovascular (CV) Risk Values Are From Literature

on the Basis of CV Events or of Carotid Plaques/Stenosis Detection.

Accelerated Atherosclerosis Markers Include Increased Carotid

Intima-Media Thickness, Reduced Flow-Mediated Dilation, Increased

Pulse Wave Velocity

Autoimmune Disease CV Risk (OR) ATH Markers

Rheumatoid arthritis 3e5 [

Systemic lupus erythematosus 2e10 [

Psoriatic arthritis 1.3e3 [

Systemic sclerosis 2e3 [

Dermatomyositis-polymyositis 2.2e3 [

Ankylosing spondilitis 1.2e1.5 [

Sjögren syndrome 2e3 [

Systemic vasculitides 2e4 [
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2. LIPID METABOLISM DISTURBANCES RELEVANT FOR
ATHEROSCLEROSIS AND CARDIOVASCULAR RISK IN
AUTOIMMUNE DISEASES

A wide spectrum of lipid metabolism abnormalities has been reported in
patients with autoimmune diseases, from classical dyslipidemia to unex-
pectedly low cholesterolemia and/or disturbances in circulating lipoprotein
functions.

Classic dyslipidemia can be the result of genetic milieu, incorrect diet and
lifestyle, or drugs such as glucocorticoids. Its prevalence differs among
diseases, being for example more frequent in SLE (Tselios et al., 2016; Ahmad
et al., 2014; Durcan et al., 2016) and in psoriatic arthritis (PA) (Patel et al.,
2011) than in rheumatoid arthritis (RA) (Lee et al., 2016) and showing
significant variability among patients with the same disease. High, normal, or
low total cholesterol (TC) and low-density lipoprotein cholesterol (LDL-C)
levels have been reported in different studies on SLE, RA, and systemic
sclerosis (SSc). This is possibly due, at least in part, to the fact that TC and
LDL-C levels generally fluctuate according to disease activity, being lower
during disease relapses as an effect of inflammation (Robertson et al., 2013)
and raising after treatment. Moreover, it has been demonstrated that TC and
LDL-C levels are inversely rather than directly associated to CV risk in active
RA, phenomenon called “RA lipid paradox” (Myasoedova et al., 2011).
Similarly, data on serum high-density lipoprotein cholesterol (HDL-C) levels
in autoimmune diseases are very much conflicting, including reports of both
normal and low HDL-C in active diseases and normal, low, and high values in
drug-induced disease remission (Akiyama et al., 2015).

The issue of lipid disturbances in autoimmune diseases is complicated by
the fact that intrinsic proatherogenic LDL potential may vary according to its
composition/oxidation and the occurrence of specific antibodies. For example,
circulating concentration of oxidized LDL (oxLDL) correlates with ATH
markers and CVD events and is increased in autoimmune diseases (Ahmad
et al., 2014). Anti-oxLDL antibodies may be either protective or proathero-
genic, depending on their characteristics, promoting oxLDL clearance via the
reticuloendothelial system or increasing oxLDL uptake in macrophages and
foam cell formation (de Carvalho et al., 2007).

There is established evidence that the antiatherogenic properties of HDL
are due to their capacity to induce antiinflammatory effects and promote
macrophage cholesterol efflux leading to cholesterol body disposal, both
activities being dependent on composition (Hahn and McMahon, 2008) and
not necessarily correlated to their measured circulating levels (Klancic et al.,
2016). Impaired cholesterol efflux capacity has been demonstrated in SLE and
RA (Ronda et al., 2014), in PA (Holzer et al., 2012), and in ankylosing
spondylitis (AS) (Gkolfinopoulou et al., 2015).
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For example, changes in antioxidant enzymes carried by HDL (Podrez,
2010) reduced sphingosine-1-phosphate HDL content (Levkau, 2015) and
serum anti-HDL antibodies (El-Lebedy et al., 2016; Rodrı́guez-Carrio et al.,
2016) might affect HDL function.

We can conclude that, for the time being, the use of TC and LDL-C serum
levels to evaluate CVD risk in autoimmune patients does not appear entirely
appropriate, unless the disease is steadily controlled. Only during disease
remission, in fact, it seems likely that the rule “the lower the better,” accepted
for the general population with respect to LDL-C, can be applied in autoim-
mune populations. Even stronger is the uncertainty on the utility of HDL-C
levels for CV risk evaluation in autoimmune diseases. It seems reasonable
considering very low HDL-C levels during disease remission as a risk factor,
while normal or high HDL-C levels should not necessarily be reckoned as
protective in autoimmune patients, until tests for HDL function evaluation will
be available in clinical practice.

Lipid metabolism management can be based at present on two kinds on
tools. The first one is using diet, nutraceuticals, and lipid-lowering drugs to
control serum TC, LDL-C, and HDL-C levels. In this regard, guidelines
recommending LDL-C target in autoimmune diseases are lacking, and
clinicians still refer to expert opinion in most cases. For example, a proposal
for LDL-C desirable levels in RA, according to the extent of disease
aggressiveness and comorbidities, has been recently released (Hollan et al.,
2015). The second available kind of tool to manage lipid metabolism in
autoimmune diseases is the amelioration of lipoprotein functions by nutra-
ceutical/drug use or by controlling the disease itself. However, as the various
drugs used to this last aim have different effects on lipid metabolism and CV
risk, it is important to establish the best pharmacologic treatment for each
autoimmune disease with respect to cardiovascular protection.

3. SERUM LIPID LEVEL CONTROL IN AUTOIMMUNE
DISEASES

3.1 Diet and Nutraceuticals

CVD prevention and treatment through a healthy lifestyle and diet is largely
recommended for the general population and for patients with proatherogenic
conditions such as diabetes mellitus and chronic renal failure. As physical
exercise and a healthy diet have antiinflammatory effects, these tools appear to
be particularly useful in autoimmune diseases and indeed many papers report
their beneficial effects in clinical studies. However, physical activity, diet
regimens, and available nutraceutical preparations include a huge spectrum of
possibilities and strong definitive evidence for each of them is lacking in most
cases. In general, there is agreement on the concept that hypercaloric Western-
style diets, characterized by high salt, animal fat, red meat, sugar-sweetened
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drinks, fried food, and low fiber, upregulate cellular proinflammatory path-
ways, promote a switch of gut microbiota toward a pattern affecting unfa-
vorably host metabolism, induce dyslipidemia, alter intestinal immunity, and
cause low-grade chronic systemic inflammation. On the contrary, low-calorie
diets rich in vegetables, fruit, legumes, fish, prebiotics, and probiotics act on
nuclear receptors and enzymes that downregulate the synthesis of proin-
flammatory molecules and restore or maintain a healthy symbiotic gut
microbiota (Riccio and Rossano, 2015).

Particular diet components and nutraceutical preparations have been
suggested to be beneficial for CVD prevention as well as for disease control
in autoimmune diseases, because of lipid-regulating, antioxidant, and anti-
inflammatory properties (Laev & Salakhutdinov 2015). Among these are:
vitamin D (Yang et al., 2013; Terrier et al., 2012; Lin et al., 2016); resveratrol
(Diaz-Gerevini et al., 2016); oil flavonoids such as terpenes, quinones, and
catechins; polyphenols (Laev & Salakhutdinov 2015); propolis (Schmitz
et al., 2015); omega-3 fatty acids (Ebrahimi et al., 2009); and fibers (Hartley
et al., 2016). Oral intake of probiotics (adequate amount of selected live
microorganisms) modulate the enteric flora and gut immune functions (Kang
and Im, 2015), leading to beneficial effects not only on inflammatory bowel
diseases but also on systemic autoimmune disorders such as RA (Zamani
et al., 2016), type 1 diabetes mellitus (Uusitalo et al., 2016), or eczematous
dermatitis (Kalliomaki et al., 2007). There is increasing evidence that pro-
biotics modulate particularly T cells phenotype and functions (Kang and Im,
2015; Owaga et al., 2015). Indeed, gut microbiota is at present considered a
pivotal element connecting immune functions, lipid metabolism, and diet
components.

In summary, low fat-high fiber diet and many nutraceuticals may reduce
TC and LDL-C serum levels (Rumawas et al., 2009). Conversely, diet seems to
have little (Rumawas et al., 2009) or no effect (Fogli-Cawley et al., 2007) on
HDL-C levels. In a recent study with a 16-year follow up, diet showed some
correlation with higher HDL-C levels based on a low sucrose intake (Sonestedt
et al., 2016). HDL-C levels are more clearly positively affected by regular
physical exercise (Kodama et al., 2007). However, as discussed earlier, studies
to establish the influence of diet and nutraceuticals on lipoprotein functions
would be very important.

It should be noted that randomized controlled trials aimed at establishing
the efficacy of diet and nutraceuticals on lipid metabolism modulation spe-
cifically in autoimmune diseases are lacking.

3.2 Total Cholesterol- and Low-Density Lipoprotein
Cholesterol-Lowering Drugs: Statins

Statins appear to be the drugs of choice to lower TC and LDL-C levels in
autoimmune patients for their multiple effects on inflammation and immune
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cells functions. They inhibit HMG-CoA reductase, the enzyme catalyzing the
conversion of 3-hydroxy-3-methylglutaryl-coenzyme A to L-mevalonic acid,
the rate-limiting step in cholesterol synthesis. The inhibition of cholesterol
synthesis increases LDL receptor expression in the liver, thus promoting serum
LDL-C clearance. However, mevalonate is a precursor of important isoprenoid
intermediates, such as farnesyl pyrophosphate and geranylgeranyl pyrophos-
phate, involved in posttranslational modification of a range of proteins,
including small GTPases (Ras, Rho, Rac) (Cai et al., 2015). These, in turn,
regulate endothelial nitric oxide synthase expression, vascular smooth muscle
cells migration and proliferation, reactive oxygen species generation, inflam-
matory cells infiltration, and foam cells formation (Cai et al., 2015). Thus,
statins modulate many intracellular processes potentially involved in both
immune system functions and CVD.

3.2.1 Potential and Proven Benefits of Statin Use in Patients With
Autoimmune Diseases

3.2.1.1 Effects on the Autoimmune Disease

Antiinflammatory and immune-regulating effects of statins have been related
to several intracellular mechanisms: inhibition of small GTPases (Cai et al.,
2015) as well as of the pathways dependent on peroxisome proliferator-
activated receptor a/g and phosphatidylinositol 3-kinase (PI3K)/Akt (Yano
et al., 2007); isoprenoid depletion (Jantzen et al., 2007); lipoprotein-associated
phospholipase A2 reduction (Zalewski and Macphee, 2005); and inhibition of
NF-kB (Meroni et al., 2001) and nicotinamide adenine dinucleotide phosphate
oxidase (Al-Shabrawey et al., 2008). The modulation of these signal trans-
duction pathways by statins in endothelial cells, vascular smooth muscle cells,
immune cells, and fibroblasts is the recognized mechanism of a large number
of effects on disease-related mechanisms. With respect to immune cell func-
tions, the final results are inhibition of differentiation, activation and Fc
receptor-mediated phagocytosis of macrophages, reduction of toll-like recep-
tor 4 and adhesion molecules expression, reactive oxygen species production,
and cytokine secretion. Statins inhibit T-cell activation and proliferation
through disruption of T-cell receptor and blockade of the signaling cascade.
They modulate Th1/Th2 differentiation; antagonize Th17-mediated response;
and inhibit IL-2, IL-4, and IFN-g production. Statins inhibit the proliferation
and differentiation of lipopolysaccharide-stimulated B cells.

In contrast to the large in vitro evidence pointing to a role for statins in
modulating autoimmune disease processes, the results from in vivo studies are
much more conflicting. Overall beneficial effects of statins on inflammation
and disease manifestations result from recent metaanalyses for RA (Xing
et al., 2015; Lv et al., 2015), SSc (Ladak and Pope, 2015), SLE (Sahebkar
et al., 2016), and PA (Mosiewicz et al., 2013). However, single studies often
report variable results, likely due to the differences in statin molecule and
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treatment regimens used, patient populations, concomitant pharmacologic
treatment, and considered parameters (Tselios et al., 2016).

3.2.1.2 Effects on Lipid Metabolism and Cardiovascular Disease

The efficacy of statins in controlling dyslipidemia and reducing CVD mani-
festations has been reported for RA (Danninger et al., 2014; Sheng et al., 2012),
PA, and AS (Semb et al., 2012). Improvement has been reported also on various
vessel function parameters used as ATH estimates in RA (Paraskevas, 2008).
More conflicting results have been published on carotid intima-media thickness
and other instrumental parameters after statin therapy in SLE patients, recently
revised by Tselios (Tselios et al., 2016). It is important to consider that results
may be influenced by many confounding factors such as the concomitant use of
proatherogenic drugs, inhomogeneous populations with respect to serum lipid
levels, or relatively low statin dosage in the various studies.

Until clear and specific international guidelines are available, the clinical
indication for statin use in autoimmune diseases should be established based
on the patient general profile in terms of disease activity, lipid levels,
comorbidities, and drug use, considering that the autoimmune disease itself is
a strong ATH risk factor. Suggestions for LDL-C targets have been given for
RA (Hollan et al., 2015) and SLE (Soubrier et al., 2013). In any case, statin
treatment should be added to a healthy diet and adequate physical exercise,
and attention should be paid to possibly use the less atherogenic drugs
available for the control of each disease. For example, high-dose and/or long-
term glucocorticoids induce dyslipidemia and promote macrophage choles-
terol accumulation (Greco et al., 2014); their use is an independent ATH risk
factor in autoimmune diseases (Wei and MacDonald, 2004; AmayaeAmaya
et al., 2013; Karp et al., 2008; Roubille et al., 2015). Nonsteroidal antiin-
flammatory drugs are associated with increased CV risk (Garcı́ Rodrı́guez
et al., 2011). The increase in serum levels of TC and LDL-C induced by
methotrexate and anti-TNFa or anti-IL6 agents has raised concern about a
possible proatherogenic action of these drugs. However, in most cases they
appear to reduce CV risk, possibly due to the predominance of the positive
effect of the antiinflammatory activity (Mäki-Petäjä et al., 2012; Bili et al.,
2014; Provan et al., 2015) and due to the amelioration of lipoprotein func-
tions (Ronda et al., 2015). Hydroxychloroquine has also been shown to
reduce CV risk in patients with RA (Sharma et al., 2016), as it was expected
on the basis of its antiinflammatory, immunoregulatory, and lipid-lowering
properties (Rainsford et al., 2015).

A number of plant-derived substances are currently used for their ability to
inhibit HMG-CoA reductase, the so-called natural statins, and for
additional antiinflammatory, lipid-regulating (Zimetti et al., 2015), and cell
functionemodulating activities (Patel, 2016) considered beneficial for ATH
(Pirro et al., 2016; Jin et al., 2016). Among these are monacolin K and
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berberine, the latter tested on a mouse model of collagen-induced arthritis
(Yang et al., 2004). However, specific studies are needed to assess their effi-
cacy for CVD prevention and safety in autoimmune diseases.

3.2.2 Potential Harms of Statin Use in Patients With Autoimmune
Diseases

Among the potential adverse effects of statins, particularly worrying for auto-
immune prone patients, is the reported association of statin treatment with
autoimmune disorders. For example, drug-induced lupus and the appearance of
antinuclear and anti-dsDNA antibodies have been described (Tselios et al.,
2016), with a latency of 12e18 months. Myasthenia gravis occurrence has also
been reported (Gale and Danesh-Meyer, 2014), as well as pemphigus erythe-
matosus relapse (Schiavo et al., 2014), dermatomyositis (Zaraa et al., 2011), and
anti-HMGCoA reductase antibody-positive autoimmune myositis (Kennedy
et al., 2016). The latter develops in genetically predisposed individuals
(Mammen et al., 2013) most often but not always (Allenbach et al., 2014) after
statin treatment. It does not recede with statin withdrawal alone, but requires
immunosuppressive treatment (Selva-O’Callaghan et al., 2015).

3.3 Total Cholesterol- and Low-Density Lipoprotein
Cholesterol-Lowering Drugs: Fibrates

Fibrates target and activate the nuclear receptor peroxisome proliferator-
activated receptor alpha (predominantly expressed in liver, kidney, heart,
and muscle), inducing many effects on lipid metabolism (Barter and Rye,
2016): reduction of serum triglyceride levels by inhibiting synthesis and
stimulating hydrolysis; reduction of very low-density lipoproteins and chylo-
microns production; reduction of apolipoprotein C-III synthesis; and increase
in serum HDL-C. With respect to LDL, fibrates promote a shift toward larger,
more buoyant particles that are less susceptible to oxidation and have an
increased affinity for the LDL receptor (Fazio and Linton, 2004). This results
in LDL-C serum reduction between 6% and 35% (Irvin et al., 2016).

Clinical trials to demonstrate the effect of fibrates on CVD manifestations
in patients without autoimmune diseases have given conflicting results, but
post hoc analyses indicate that major benefits in terms of CV events reduction
are obtained in patients with hypertriglyceridemia and low HDL-C serum
levels (Barter and Rye, 2016). No data are available on CV risk reduction by
fibrates in autoimmune patients. Because of lack of information and sub-
stantial side effects, including autoimmune thrombocytopenia (Agapakis and
Massa, 2015), fibrate use in autoimmune diseases is limited to patients with
severe hypertriglyceridemia. However, interest is arising on the possible
combined effects of these molecules on lipid metabolism and on inflammation
(van Eekeren et al., 2013). In fact, studies in humans and in animal models
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have shown the potential benefit of fibrates both on systemic (Shirinsky et al.,
2013) and articular manifestations of RA and osteoarthritis (van Eekeren et al.,
2013; Koufany et al., 2014).

3.4 High-Density Lipoprotein Cholesterol Increasing Drugs

HDL-C increasing drugs have been object of great interest in the attempt to
lower the so-called residual CV risk, still present despite optimal LDL-C
control. Fibrates and niacin have been demonstrated to increase HDL-C
together with decreasing CV risk (Birjmohun et al., 2005). However, later
reports showed more uncertain results (Remaley et al., 2014; Gomaraschi
et al., 2015); these agents also lower proatherogenic serum lipoproteins,
rendering conclusive information on the specific clinical impact of HDL-C
raising effect difficult to obtain (Kingwell et al., 2014). Moreover, studies
with these agents in most cases are performed in addition to statin treatment,
with a masking effect as a possible consequence. Cholesteryl ester transfer
protein (CETP) inhibitors have been shown to increase HDL-C and apolipo-
protein A-I levels as monotherapy and combined with statins (Nicholls et al.,
2015), but strong differences exist between the effects of the various mole-
cules, revised by Kingwell (Kingwell et al., 2014). Future studies should
clarify the possible benefits of this approach in autoimmune patients.

4. LIPOPROTEIN FUNCTION MODULATION IN
AUTOIMMUNE DISEASES

No specific pharmacological tool to ameliorate LDL or HDL functions is
available at present for generalized clinical practice. However, since the
importance of lipoprotein function for CVD development has been widely
recognized, data from in vitro and in vivo studies are emerging. For example,
some nutraceuticals, such as resveratrol (Voloshyna et al., 2016) or berberine
(Zimetti et al., 2015) have been shown to ameliorate cholesterol efflux capacity
of HDL. CETP inhibitors increase cholesterol efflux capacity of HDL through
lipoprotein remodeling (Kingwell et al., 2014; Brownell and Rohatgi, 2016).
Available data on fibrates differ with respect to the considered molecule,
ciprofibrate, fenofibrate, or bezafibrate, and the cell cholesterol transporter
involved in cholesterol efflux, indicating however an effect on HDL structure
and function (Brownell and Rohatgi, 2016). Apo AI, apo AI Milano, and
reconstituted HDL are currently under study as tools to increase cell cholesterol
efflux, as well as drugs stimulating apo AI synthesis (Remaley et al., 2014;
Brownell and Rohatgi, 2016; Kempen et al., 2016). Again, most of the available
data on humans are from studies performed in nonautoimmune subjects.

The choice of specific treatment protocols to control the autoimmune disease
may have consequences not only on lipoprotein levels, as discussed earlier, but
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also on lipoprotein functions. For example, methotrexate and the anti-TNFa
adalimumab have been shown to improve circulating LDL and HDL functions
relevant for cell cholesterol homeostasis (Ronda et al., 2015), while glucocor-
ticoids may affect negatively macrophage expression of receptors involved in
the interaction with serum lipoprotein (Greco et al., 2014).

REFERENCES

Agapakis, D., Massa, E., 2015. A case of fenofibrate-induced immune thrombocytopenia: first

report. P. R. Health Sci. J. 34 (3), 170e173.

Ahmad, H.M., Sarhan, E.M., Komber, U., 2014. Higher circulating levels of OxLDL % of LDL are

associated with subclinical atherosclerosis in female patients with systemic lupus erythema-

tosus. Rheumatol. Int. 34 (5), 617e623.

Akiyama, M., et al., 2015. Prevalence of dyslipidemia in Japanese patients with rheumatoid

arthritis and effects of atorvastatin treatment. Clin. Rheumatol. 34 (11), 1867e1875.

Allenbach, Y., et al., 2014. Anti-HMGCR autoantibodies in European patients with autoimmune

necrotizing myopathies: inconstant exposure to statin. Medicine 93 (3), 150e157.

Al-Shabrawey, M., et al., 2008. Role of NADPH oxidase and Stat3 in statin-mediated protection

against diabetic retinopathy. Invest. Ophthalmol. Vis. Sci. 49 (7), 3231e3238.

Amaya-Amaya, J., et al., 2013. Novel risk factors for cardiovascular disease in rheumatoid

arthritis. Immunol. Res. 56 (2e3), 267e286.

Barter, P.J., Rye, K., 2016. New era of lipid-lowering drugs. Pharmacol. Rev. 68 (2), 458e475.

Bili, A., et al., 2014. Tumor necrosis factor a inhibitor use and decreased risk for incident coronary

events in rheumatoid arthritis. Arthritis Care Res. 66, 355e363.

Birjmohun, R.S., et al., 2005. Efficacy and safety of high-density lipoprotein cholesterol-increasing

compounds: a meta-analysis of randomized controlled trials. J. Am. Coll. Cardiol. 45 (2),

185e197.

Brownell, N., Rohatgi, A., May 20, 2016. Modulating cholesterol efflux capacity to improve

cardiovascular disease. Curr. Opin. Lipidol. 27 (4), 398e407 [Epub ahead of print].

Cai, A., Zhou, Y., Li, L., 2015. Rho-GTPase and atherosclerosis: pleiotropic effects of statins.

J. Am. Heart Assoc. 4 (7), e002113.

de Carvalho, J.F., Sherer, Y., Shoenfeld, Y., 2007. The fine-tuning of anti-oxidized low-density

lipoprotein antibodies in cardiovascular disease and thrombosis. Thromb. Haemost. 98 (6),

1157e1159.

Corrales, A., et al., 2014. Carotid ultrasound is useful for the cardiovascular risk stratification of

patients with rheumatoid arthritis: results of a population-based study. Ann. Rheum. Dis. 73

(4), 722e727.

Danninger, K., Hoppe, U.C., Pieringer, H., 2014. Do statins reduce the cardiovascular risk in

patients with rheumatoid arthritis? Int. J. Rheum. Dis. 17 (6), 606e611.

Diaz-Gerevini, G.T., et al., 2016. Beneficial action of resveratrol: how and why? Nutrition 32 (2),

174e178.

Durcan, L., et al., 2016. Longitudinal evaluation of lipoprotein variables in systemic lupus ery-

thematosus reveals adverse changes with disease activity and prednisone and more favorable

profiles with hydroxychloroquine therapy. J. Rheum. 43 (4), 745e750.

Ebrahimi, M., et al., 2009. Omega-3 fatty acid supplements improve the cardiovascular risk profile

of subjects with metabolic syndrome, including markers of inflammation and auto-immunity.

Acta Cardiol. 64 (3), 321e327.

178 The Heart in Systemic Autoimmune Diseases



van Eekeren, I.C.M., et al., 2013. Fibrates as therapy for osteoarthritis and rheumatoid arthritis? A

systematic review. Ther. Adv. Musculoskelet. Dis. 5 (1), 33e44.

El-Lebedy, D., et al., 2016. Anti-apolipoprotein A-1 autoantibodies as risk biomarker for car-

diovascular diseases in type 2 diabetes mellitus. J. Diabetes Complications 30 (4), 580e585.

Fazio, S., Linton, M., 2004. The role of fibrates in managing hyperlipidemia: mechanisms of action

and clinical efficacy. Curr. Atheroscler. Rep. 6 (2), 148e157.

Fogli-Cawley, J.J., et al., 2007. The 2005 Dietary Guidelines for Americans and risk of the

metabolic syndrome. Am. J. Clin. Nutr. 86 (4), 1193e1201.

Gale, J., Danesh-Meyer, H.V., 2014. Statins can induce myasthenia gravis. J. Clin. Neurosci. 21

(2), 195e197.

Garcı́a Rodrı́guez, L.A., et al., 2011. NSAID use selectively increases the risk of non-fatal

myocardial infarction: a systematic review of randomised trials and observational studies.

PLoS One 6 (2), e16780.

Gkolfinopoulou, C., et al., 2015. Impaired antiatherogenic functions of high-density lipoprotein in

patients with ankylosing spondylitis. J. Rheumatol. 42 (9), 1652e1660.

Gomaraschi, M., et al., 2015. Effects of established hypolipidemic drugs on HDL concentration,

subclass distribution, and function. Handb. Exp. Pharmacol. 224, 593e615.

Greco, D., et al., 2014. Hydrocortisone directly promotes cholesterol accumulation in macro-

phages. Ann. Rheum. Dis. 73 (6), 1274e1276.

Hahn, B.H., McMahon, M., 2008. Atherosclerosis and systemic lupus erythematosus: the role of

altered lipids and of autoantibodies. Lupus 17 (5), 368e370.

Hartley, L., May Michael, D., Rees, K., January 7, 2016. Dietary fibre for the primary prevention

of cardiovascular disease. Cochrane Database Sys. Rev. 1, CD011472.

Hollan, I., et al., 2015. Prevention of cardiovascular disease in rheumatoid arthritis. Autoimmun.

Rev. 14 (10), 952e969.

Holzer, M., et al., 2012. Psoriasis alters HDL composition and cholesterol efflux capacity. J. Lipid

Res. 53 (8), 1618e1624.

Irvin, M.R., et al., March 21, 2016. A genome-wide study of lipid response to fenofibrate in

Caucasians: a combined analysis of the GOLDN and ACCORD studies. Pharmacogenet.

Genomics 26 (7), 324e333 [Epub ahead of print].

Jantzen, F., et al., 2007. Isoprenoid depletion by statins antagonizes cytokine-induced down-

regulation of endothelial nitric oxide expression and increases no synthase activity in human

umbilical vein endothelial cells. J. Physiol. Pharmacol. 58 (3), 503e514.

Jin, Y., Khadka, D.B., Cho, W.-J., 2016. Pharmacological effects of berberine and its derivatives: a

patent update. Expert Opin. Ther. Pat. 26 (2), 229e243.

Kalliomaki, M., et al., 2007. Probiotics during the first 7 years of life: a cumulative risk reduction

of eczema in a randomized, placebo-controlled trial. J. Allergy Clin. Immunol. 119 (4),

1019e1021.

Kang, H.-J., Im, S.-H., 2015. Probiotics as an immune modulator. J. Nutr. Sci. Vitaminol. 61,

S103eS105.

Karp, I., et al., 2008. Recent corticosteroid use and recent disease activity: independent de-

terminants of coronary heart disease risk factors in systemic lupus erythematosus? Arthritis

Rheum. 59 (2), 169e175.

Kempen, H.J., et al., 2016. Persistent changes in lipoprotein lipids after a single infusion of

ascending doses of MDCO-216 (apoA-IMilano/POPC) in healthy volunteers and stable

coronary artery disease patients. Atherosclerosis 255, 17e24.

Kennedy, N., Keating, P., O’Donnell, J., 2016. HMGCR-associated myositis: a New Zealand case

series and estimate of incidence. Int. Med. J. 46 (5), 622e625.

Treatment of Lipid Metabolism Chapter j 7 179



Kingwell, B.A., et al., 2014. HDL-targeted therapies: progress, failures and future. Nat. Rev. Drug

Discov. 13 (6), 445e464.

Klancic, T., et al., 2016. High density lipoprotein and metabolic disease: potential benefits of

restoring its functional properties. Mol. Metab. 5 (5), 321e327.

Kodama, S., et al., 2007. Effect of aerobic exercise training on serum levels of high-density li-

poprotein cholesterol: a meta-analysis. Arch. Intern. Med. 167 (10), 999e1008.

Koufany, M., Jouzeau, J., Moulin, D., 2014. Fenofibrate vs pioglitazone: comparative study of the

anti-arthritic potencies of PPAR-alpha and PPAR-gamma agonists in rat adjuvant-induced

arthritis. Biomed. Mater. Eng. 24 (1 Suppl.), 81e88.

Ladak, K., Pope, J.E., 2015. A review of the effects of statins in systemic sclerosis. Semin.

Arthritis Rheum. 45 (6), 1e8.

Laev, S.S., Salakhutdinov, N.F., 2015. Anti-arthritic agents: progress and potential. Bioorg. Med.

Chem. 23 (13), 3059e3080.

Lee, S., et al., 2016. Relationship between metabolic syndrome and rheumatoid arthritis. Korean J.

Fam. Med. 37 (1), 44e50.

Levkau, B., 2015. HDL-S1P: cardiovascular functions, disease-associated alterations, and thera-

peutic applications. Front. Pharmacol. 6, p243.

Lin, J., et al., 2016. Serum vitamin D level and rheumatoid arthritis disease activity: review and

meta-analysis. PLoS One 11 (1), e0146351.

Lv, S., et al., 2015. The impact of statins therapy on disease activity and inflammatory factor in

patients with rheumatoid arthritis: a meta-analysis. Clin. Exp. Rheumatol. 33 (1), 69e76.
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Key Points

l In comparison with the general population, patients affected by systemic
autoimmune diseases (SADs) are at significantly increased risk of car-
diovascular (CV) risk factors, CV events, and mortality.

l Various authors have favored the use of noninvasive tests to detect sus-
pected or known coronary artery disease, and/or study the valve lesions and
other structural and/or morphological abnormalities induced by SADs.

l CV imaging is a reliable means of screening, diagnosing, and following-up
CV involvement in patients with SADs, but new technologies such as
speckle tracking echocardiography and/or 3D ultrasonography are diag-
nostically more accurate.

l In addition to using instrumental diagnostic investigations, there is growing
evidence that plasma asymmetric dimethylarginine levels closely correlate
with CV disease in patients with autoimmune disorders.

1. INTRODUCTION

The most frequent systemic autoimmune diseases (SADs) are rheumatoid
arthritis (RA), systemic lupus erythematosus (SLE), primary antiphospholipid
syndrome (APS), systemic sclerosis, and systemic vasculitis. Patients with
SADs are at risk of increased cardiovascular (CV) morbidity and mortality that
is mainly due to enhanced atherosclerosis and only partially related to tradi-
tional CV risk factors (Knockaert, 2007; Riboldi et al., 2002). In particular, the
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CV disease occurs at a younger age than in the general population, and often
remains asymptomatic at least in the early stages (Tanasescu et al., 2009).

The excess CV morbidity and mortality (Gianturco et al., 2015) may be
explained by specific risk factors strictly related to autoimmune diseases, such
as chronic inflammation, disease duration and activity, and immunosuppres-
sive therapy with glucocorticoids, methotrexate, or antitumor necrosis factor a
(TNFa) (van Zonneveld et al., 2010). All of the components of the heart can be
affected by various pathogenetic mechanisms involving the valves, coronary
arteries, conduction system, myocardium, endocardium, and pericardium,
which lead to a wide range of clinical manifestations, including pericarditis,
myocarditis and myocardial fibrosis, rhythm and conduction disturbances,
coronaritis with ischemic heart disease, valvular diseases, pulmonary hyper-
tension, syncope, and diastolic or systolic heart failure (Turiel et al., 2009a,b).

A number of studies have shown that chronic inflammation plays an
important role in the development of atherosclerotic plaque (Sattar et al.,
2003) and endothelial dysfunction, a process in which a reduction in the
bioavailability of nitric oxide (NO) seems to be the primum movens (Arosio
et al., 2007). Asymmetric dimethylarginine (ADMA) is widely recognized as
the major endogenous inhibitor of NO-synthase and is considered an emerging
CV risk factor. High plasma ADMA levels have been found in patients
affected by SADs such as RA (Kiani et al., 2007; Turiel et al., 2009a,b).

Various authors have favored the use of noninvasive tests (Lee and
Boucher, 2001; Turiel et al., 2009a,b) to detect suspected or known coronary
artery disease (CAD), and/or study the valve lesions and other structural and/or
morphological abnormalities induced by SADs (Kerekes et al., 2012)
(Table 8.1). Furthermore, as underlined by international referral societies such
as EULAR, it is necessary to have guidelines for the diagnosis and manage-
ment of SAD patients in specialized and multidisciplinary centers (EULAR
Task Force, 2016) as an early diagnosis can significantly improve management
and provide insights into the prognosis. The choice of imaging technique
should be based on that which is considered to be the most reliable of the
techniques available at a given institution.

Awide range of cardiac manifestations have been described in RA patients
(Braunwald, 1997; Shoenfeld et al., 2005), and it is well known that their
incidence is also high in patients with SLE and APS (Cervera et al., 1992).
Two-dimensional (2D) echocardiography studies have shown that 57% of SLE
patients have valvular, myocardial, or pericardial abnormalities (Nihoyanno-
poulos et al., 1990; Omdal et al., 2001). In order to detect early disease, other
authors have also used stress echocardiography to investigate coronaries ab-
normalities. Turiel’s group has conducted a number of studies of RA patients
using transthoracic dipyridamole stress echocardiography with an evaluation
of coronary flow reserve (CFR), defined as the ratio between peak diastolic
velocity in the distal left anterior descending coronary artery (LAD) during
stress and at baseline. Hirata et al. (2007) have also used transthoracic
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dipyridamole stress echocardiography to study SLE patients, and found that
their coronary vasomotor function is impaired, thus supporting the view that
many of these young patients have subclinical coronary artery disease.

As CV damage in patients with autoimmune diseases is associated with
adverse outcomes, it is important to identify the patients at higher risk early in
order to improve their long-term prognosis. CV imaging is a reliable means of
screening, diagnosing, and following-up CV involvement in patients with
SADs, but new technologies such as speckle tracking echocardiography (STE)
and/or 3D ultrasonography (Fig. 8.1) are diagnostically more accurate.

This chapter will review the role of the cardiac imaging techniques
frequently used in patients with SADs.

2. TRANSTHORACIC ECHOCARDIOGRAPHY

This reliable, inexpensive, and noninvasive technique allows an accurate
evaluation of valve abnormalities, pericardial diseases, and ventricular wall
motion defects, whereas Doppler analysis is useful for studying left ventricular
diastolic filling, valve function, and pulmonary pressures.

TABLE 8.1 Diagnostic and Imaging Techniques for Assessing Cardiovascular

Involvement in Systemic Autoimmune Diseases

Evaluation of Sub-clinical Accelerated Atherosclerosis
1. Inflammatory risk factors: C-reactive protein (CRP), cytokines (TNFa; interleukin (IL)

1; IL-6; IL-18), etc.
2. Platelet and endothelial markers: fibrinogen, homocysteine, etc.
3. Vascular homeostasis and lipid metabolism: asymmetric dimethylarginine,

circulating endothelial cells, circulating endothelial progenitor cells, etc.

Measurement of Endothelial Function
1. Coronary arteries

Invasive: Assessment of coronary diameter by means of quantitative coronarography
or intravascular ultrasound
Noninvasive: Assessment of CFR by means of transthoracic or transesophageal
ultrasonography (US), magnetic resonance imaging (MRI), and positron emission
tomography (PET) after endothelium-dependent vasodilatory provocation

2. Peripheral circulation
Invasive: Strain gage plethysmography of an upper extremity after the intraarterial
infusion of an endothelium-dependent vasodilator
Noninvasive: Flow-mediated vasodilation (FMD) of the brachial artery measured by
means of US or MRI

Evaluation of General Atherosclerotic Burden
1. Arterial stiffness parameters

Pulse wave analysis: augmentation index (AIx)
Pulse wave velocity

2. Common carotid intima-media thickness (ccIMT) and carotid plaque analysis
3. Determination of coronary calcium content
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Rexhepaj et al. (2006) found significant differences in early diastolic flow
velocity (E), atrial flow velocity (A), and E/A ratios between RA patients and a
control group, thus suggesting that the former have subclinically impaired left
and right ventricular function when left ventricular thickness, size, and
myocardial performance indexes are still normal.

Interestingly, most studies have related valvulopathy to the presence of
antiphospholipid (aPL) antibody (Khamashta et al., 1990; Brenner et al., 1991;
Cervera et al., 1991; Galve et al., 1992); a number of TTE studies have shown
that cardiac involvement is also frequent in patients with primary APS (Giunta
et al., 1993; Metz et al., 1994).

There have been reports of a 32e38% prevalence of valve lesions, most
frequently involving left-sided valves, valvular rings, the chordae tendinae or
other parts of the ventricular or atrial endocardium (Hojnik et al., 1996). The
valvular lesions are characterized by diffuse leaflet thickening, sometimes to
the point of valve stenosis; these lesions are often associated with valvular
regurgitation.

The unusual manifestations of APS include intracardiac thrombosis (Cervera,
2000), which can occur in both primary and secondary APS, and is usually seen in
the clinical setting of left ventricular dysfunction. The thrombus can be found in
any of the chambers of the heart, but it may rarely be present as an intracardiac
mass simulating myxoma, and diagnosis can only be made by histology.

Noninfective endocarditis has been reported in many patients with SLE and
primary APS (Cervera, 2000), whomay present with fever, cardiac murmurs, valve
vegetations, negative blood cultures and high aPL levels. It is difficult to exclude
infective endocarditis in these patients, but CRP, a white blood cell count, and
echocardiography findings may be helpful in differentiating the two conditions.

Historically, left ventriclcular (LV) diastolic filling could only be deter-
mined on the basis of Doppler-derived mitral and pulmonary venous flow

FIGURE 8.1 Tridimensional view of mitral valve prolapse (P2).
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velocities, but now the most widely used parameter for assessing diastolic
function is E/E0, a form of integration between the old indices derived from
transmitral pulsed-wave (PW) Doppler analysis and the new parameters
assessed by means of tissue Doppler imaging.

An impaired relaxation pattern (grade 1 diastolic dysfunction) identifies
patients with early-stage heart disease, and appropriate therapy may avert
progression and functional disability. A pseudonormalized pattern (grade 2) is
a transitional phase between abnormal relaxation and restrictive physiology
and signifies increased filling pressures and decreased compliance. In this
phase, it is clinically helpful to reduce preload, optimize afterload, and treat
the underlying disease. A restrictive physiological pattern (grade 3e4) iden-
tifies advanced, usually symptomatic disease with a poor prognosis. Therapy is
aimed at normalizing loading conditions and improving the restrictive filling
pattern (grade 3 when reversible), although this may not be feasible in certain
heart diseases (grade 4 when irreversible).

Many patients have LV filling patterns that appear indeterminate or mixed.
In these cases, clinical information, left artrial (LA) and LV size, pulmonary
venous flow velocity, and altering preload by means of the Valsalva maneuver
help assess diastolic function and estimate diastolic filling pressure.

Patients with APS can also have isolated diastolic dysfunction. In a
Doppler echocardiography study of 10 consecutive patients with APS, Hasnie
et al. (1995) found a decrease in peak early filling velocity, the peak early to
atrial filling velocity ratio, and the mean deceleration time of early filling
velocity in comparison with the control group, although the patients’ LV mass,
systolic function, and ejection fractions were normal. These findings may
represent subclinical myocardial damage.

The prevalence of echocardiographic evidence of pericardial effusion is
about 15e20%, but its underlying mechanism, prognosis, and sequelae are not
yet known. Cardiac tamponade may rarely be observed in RA patients (Yousuf
et al., 2015), but is more likely in patients with SLE (Buppajamrntham et al.,
2014). It may also be a pediatric manifestation (Maharaj and Chang, 2015),
and various authors have used noninvasive imaging to study pediatric patients
(Mavrogeni et al., 2015).

Predominantly mitral and aortic valve abnormalities have been found in
61% of SLE patients (Roldan et al., 1996); the most frequent was valve
thickening, but the type of lesion frequently changes over time.

3. TRANSESOPHAGEAL ECHOCARDIOGRAPHY

Another very useful application of echocardiography in systemic autoimmune
diseases is the transesophageal approach, which is widely recognized as being
more sensitive than TTE in detecting valve lesions (Turiel et al., 2000) and
identifying intracardiac masses. Turiel et al. (2005) observed a large 61%
prevalence of valvular thickening or vegetations and/or potential embolic
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sources using a TEE in 56 patients with primary APS followed-up for 5 years.
The recent development of 3D TEE makes it possible to visualize cross-
sections of the mitral, aortic, and tricuspid valves, thus improving diagnostic
sensitivity in comparison with traditional 2D imaging (Plastiras et al., 2009).
The main advantages of the clinical applications of 3D echocardiography
include more accurate and reproducible assessments of LV volume, mass, and
ejection fraction; the more precise identification of wall motion abnormalities;
the possibility of studying the right ventricle; and a better understanding of
valvular and subvalvular abnormalities (Marsan et al., 2009).

The usefulness of TEE in identifying minimal cardiac abnormalities or
vegetations and intracardiac embolic sources is well known (Jafar et al., 1994;
Asherson and Cervera, 1991; Espinola-Zavaleta et al., 1999). Turiel et al.
(2000) found cardiac involvement (valvular thickening and/or regurgitation,
vegetations or masses, and potential embolic sources) in 33 out of 40 APS
patients (82%); the most frequent abnormality (63%) was mitral valve thick-
ening. They also demonstrated embolic sources in ten of the patients (25%):
seven showed marked spontaneous echocontrast (three of whom had mitral
stenosis) and noninfective vegetations (Libman-Sacks endocarditis) were
found in three (one on the aortic and two on tricuspid valves with severe
tricuspid regurgitation). The number of associated and/or recurrent thrombo-
embolic events was highest in the patients with anticardiolipin antibody titers
of >40 GPL units, who also presented more potential embolic sources
revealed by TEE than patients with anticardiolipin antibody titers of <40 GPL
units (c2 ¼ 10.03, p < .01).

The use of TEE should therefore be recommended in APS patients with
clinical findings and/or a high anticardiolipin antibody titer in order to define
their cardiac abnormalities more precisely, detect embolic sources (Black
et al., 1991), and establish appropriate antiplatelet and/or anticoagulant
therapy.

A recent TEE study of 30 unselected RA patients has shown that cardiac
involvement is extremely common, including echo-generating nodules on
mitral or aortic valves, frequent aortic atheromas, and mitral or aortic regur-
gitation (Guedes et al., 2001).

A number of authors now prefer real-time 3D TEE.

4. STRESS ECHOCARDIOGRAPHY

A pharmacological stress test is indicated for patients who cannot exercise
adequately because of rheumatological, orthopedic, vascular, or pulmonary
conditions.

There are various ways of evaluating CFR in such patients, of
which transthoracic stress echocardiography with dipyridamole is a simple,
noninvasive, and inexpensive method (Gaibazzi et al., 2010; Chiribiri et al.,
2013; Nakazato et al., 2013). CFR is assessed in the distal left anterior
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descending coronary artery and defined as the ratio between peak diastolic
velocity during stress and at baseline (Figs. 8.2 and 8.3). It is a highly
sensitive (>90%) diagnostic marker of CAD (Caiati et al., 1999; Hozumi
et al., 1998) and, when associated with regional wall motion analysis, it is
also highly specific (Rigo et al., 2003). It has been shown that a CFR value
of <2 accurately predicts the presence of coronary stenosis (Hozumi et al.,
1998). In the absence of epicardial coronary stenosis, an abnormal CFR
may reflect impaired coronary microcirculation in patients with a

FIGURE 8.2 Color Doppler signal in the distal left anterior descending coronary artery.

FIGURE 8.3 Example of coronary flow Doppler signal during dypiridamole-induced

hyperaemia. D, diastolic flow; S, systolic flow.
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reperfused myocardial infarction, arterial hypertension with or without left
ventricular hypertrophy, diabetes mellitus, hypercholesterolemia, syn-
drome X, hypertrophic cardiomyopathy, and other diseases (Dimitrow,
2002). CFR also has prognostic value insofar as a reduced CFR correlates
with a negative prognosis (Rigo et al., 2006), and it has been shown that not
only a binary (normal/abnormal) response in CFR, but also the continuous
spectrum of CFR values is a strong independent prognostic predictor in
patients with known or suspected CAD (Cortigiani et al., 2010).

Hirata et al. (2007) found a significant reduction in CFR in premenopausal
women with SLE compared with age- and gender-matched controls, and
concluded that microvascular impairment in SLE could be explained by the
functional endothelial alteration responsible for the decrease in vasodilation in
response to pharmacological stress. Turiel et al. (2009a,b) detected signifi-
cantly impaired CFR in 25 untreated patients with early RA (disease
duration <1 year and without antirheumatic therapy): the reduced CFR in the
absence of wall motion abnormalities at rest and during pharmacological stress
showed that coronary microcirculation involvement is present in early RA
(ERA) and associated with endothelial dysfunction. CFR cannot distinguish
micro- and macrovascular coronary disease, but it is important to assess its
additional diagnostic value over conventional wall motion analysis.

Ciftci et al. (2008) showed that RA patients have increased IMT and a
reduced CFR. Chung et al. found that patients with long-standing RA have a
higher prevalence of more severe coronary calcifications than those with ERA,
and Del Rincon et al. (2007) demonstrated that they are also more likely to
have ATS than healthy controls. The importance of recognizing and treating
patients in the early stages of RA is due to the risk that active disease may lead
to progressive joint and CV damage. Turiel et al. (2010) studied 25 ERA
patients before and after treatment with disease-modifying antirheumatic
drugs (DMARDs) and 25 healthy volunteers with no history or current signs of
CAD or other traditional risk factors. CFR was evaluated by means of
dipyridamole transthoracic stress echocardiography, and the IMT of the
common carotid arteries by means of carotid ultrasonography; ADMA levels
were also measured. CFR was significantly reduced in the ERA patients (six
of whom had a CFR of <2, which is consistent with potentially dangerous
coronary impairment), who also showed greater IMT and had higher
plasma ADMA levels. When the patients’ CFR was measured again after
18 months of DMARD treatment, it had significantly improved, probably
because of the drugs’ antiinflammatory effects. RA patients are at higher
risk of developing CV diseases than the general population and the noninva-
sive echo-Doppler evaluation of CFR can be used to detect early functional
damage (Sitia et al., 2010; Kerekes et al., 2012). Consequently, careful screening
for impaired coronary microcirculation is essential from the earliest stages
of RA even in the absence of any signs or symptoms of CV involvement
(Turiel et al., 2000).
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A number of published studies have shown that PsA patients without
conventional CV risk factors or clinically evident CV disease have endothelial
dysfunction and a higher prevalence of increased carotid artery IMT than
controls (Kimhi et al., 2007), and it was found subclinical cardiac involvement
in a group of 22 outpatients satisfying the ClASsification of Psoriatic ARthritis
study group criteria for PsA without a history of CV disease, who were
compared with 35 controls (Atzeni et al., 2011a,b). Although the patients
did not have any signs of, or risk factors for, CV disease; they had higher
ADMA levels and a significantly reduced CFR. The significant correlation
between the reduced CFR and increased ADMA levels may be indicative of
endothelial dysfunction and impaired coronary microcirculation and confirm
that active PsA is a risk factor for CV disease as recently demonstrated by
Wakkee and de Jong (2013).

Ahlehoff et al. (2010) conducted a cohort study of the entire Danish
population, including 34,371 subjects with mild psoriasis, 2621 with severe
disease, and 607 with PsA. CV events were more frequent in the psoriasis
patients, and the rate increased with disease severity and decreased with age at
the time of onset. The risk was similar in the subjects with severe skin
affection alone and those with PsA. Given the high CV burden mainly related
to endothelial dysfunction and ATS, an early diagnosis is clearly fundamental
in patients with PsA (Atzeni et al., 2011a,b).

Systemic sclerosis (SSc) is a multisystem disease characterized by vas-
culopathy typically affecting the small vessels, although macrovascular
involvement has also been demonstrated, and there is still controversy con-
cerning the predominant mechanism (Veale et al., 1995). In 2003, Montisci
et al. used the new noninvasive method of contrast (Levovist)-enhanced
transthoracic Doppler echocardiography during adenosine infusion in 27 SSc
pts without any evidence of ischemic heart disease and 23 controls and found
that LAD CFR was severely reduced in 14 of the patients.

Turiel et al. (2013) recently enrolled 20 patients fulfilling the American
College of Rheumatology criteria for SSc without any signs or history of
coronary artery disease, and 20 healthy volunteers, all of whom underwent
dypiridamole echocardiography and the calculation of CFR. The SSc patients
had a significantly lower CFR than controls, which seems to support the hy-
pothesis of subclinical CV involvement in subjects with diffuse SSc.

Finally, Vacca et al. (2013) confirmed these data in a group of 41 patients
with SSc who were asymptomatic for CAD using transthoracic Doppler
echocardiography with adenosine infusion to study the microcirculation, and
dobutamine stress echocardiography to search for LV wall motion abnor-
malities. CFR was reduced in 19 SSc patients, and 16 showed wall motion
abnormalities.

All of the earlier findings confirm the importance of using noninvasive
methods to detect abnormal coronary microcirculation at a subclinical stage.
CFR may be a useful marker of subclinical cardiac damage in SAD patients
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and allows the early detection of any preclinical involvement of the coronary
microcirculation.

In conclusion, as SAD patients are at higher risk of developing CV diseases
than the general population, it is essential to detect endothelial dysfunction and
impaired coronary microcirculation especially in asymptomatic subjects.
Coronary angiography remains the gold standard for diagnosing coronary
stenosis, but new, noninvasive, and more reliable diagnostic techniques have
been introduced into clinical practice to detect subclinical abnormalities in the
microcirculation. Echocardiography and its many variables (including CFR)
seems to be the most appropriate screening technique as it noninvasively,
reliably, sensitively, and specifically identifies preclinical cardiac involvement
in patients with SADs. Common carotid IMT measured by means of carotid
ultrasonography can provide additional information that is useful for strati-
fying CV risk in SAD patients, but increased IMT reflects a later stage of the
atherosclerotic process when anatomical changes have already occurred,
whereas impaired CFR is an earlier marker identifying functional damage. It is
therefore important to stress that a functional injury is potentially reversible,
and this allows a better prevention strategy than a later diagnosis made after
the occurrence of anatomical abnormalities. Its relatively low cost means that
measuring CFR can be considered a modern gold-standard for detecting and
controlling ATS in SADs patients even in this time of economic constraint.

5. TISSUE DOPPLER IMAGING

Tissue Doppler imaging (TDI) is a new modality that allows myocardial ve-
locities to be measured. It has so far been considered a reliable means of
assessing myocardial deformations, but this is limited by the fact that its angle
dependency means that only deformations along the ultrasound beam can be
derived from velocities, whereas the myocardium deforms simultaneously in
three dimensions (Dandel and Hetzer, 2009). Birdane et al. (2007) demon-
strated that RA patients showed significant impairment of TDI biventricular
diastolic functional parameters in comparison with healthy controls, depend-
ing on age and use of steroids.

TDI makes it possible to record the low Doppler shift frequencies of high
energy generated by ventricular wall motion that are purposely filtered out in
standard Doppler blood flow studies. It can be performed using pulsed
Doppler, 2D color Doppler, and M-mode color mode Doppler. Pulsed Doppler
tissue imaging offers a high level of temporal resolution and can therefore be
used to analyze the temporal relationship between myocardium systolic and
diastolic velocity waves. Color 2D Doppler provides a good level of spatial
resolution that allows the differentiation of the velocity profiles of the sub-
endocardial and subepicardial layers, but is limited by its poor temporal res-
olution. M-mode color-coded tissue imaging is characterized by a high level of
spatialetemporal resolution, but only samples a single line. Both 2D and
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M-mode color-coded tissue imaging require specific modifications of current
ultrasound machines.

Extensive work has been done over the last few years to demonstrate the po-
tential of TDI for assessing both systolic and diastolic function, and its use with
advanced analysis of left ventricular Doppler inflow will probably further extend
the frontiers of Doppler echocardiography assessment of diastolic function.

6. SPECKLE TRACKING ECHOCARDIOGRAPHY

In order to overcome the limitations of TDI, STE has been introduced to
evaluate myocardial strain along the longitudinal, circumferential, and
radial axes (Sitia et al., 2010a,b). This is a new technique that allows studies
of regional myocardial deformation (Leitman et al., 2004) expressed by
means of a dimensionless parameter, strain (ε), which is defined by the
Lagrangian formula as the percent change from the original dimension
(Pislaru et al., 2002). Furthermore, displacement reflects myocardial mo-
tion: if all parts of a myocardial segment have the same motion over a
defined period of time, the segment will change position (displacement) but
not shape (deformation) but, when different parts of a segment move
differently, it becomes deformed. The study of both ε and displacement
therefore makes it possible to discriminate the passive movement and
active contraction of each myocardial segment (Pavlopoulos and Nihoyan-
nopoulos, 2008) (Fig. 8.4). As described for the first time by Heimdal et al.

FIGURE 8.4 Systolic myocardial deformation after electromechanical activation. Left

ventriclcular longitudinal strain from the apical four-chamber view: time strain curves show a

negative end-systolic strain representing myocardial shortening during systole.
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(1998), tissue deformation occurs over time during the cardiac cycle, and
the rate of this deformation (the strain rate, SR) is equivalent to the velocity
gradient. Myocardial ε can be determined by both TDI and STE but, unlike
TDI, STE is angle independent and allows an accurate assessment of
segmental myocardial deformation using grayscale-based frame-by-frame
image analysis. Furthermore, myocardial ε can be tracked in two di-
mensions along the direction of the wall and not along the ultrasound beam
(Dandel and Hetzer, 2009), which means myocardial ε can be analyzed
along the three spatial axes of cardiac muscle physiology. After electro-
mechanical activation, systolic myocardial deformation takes the form of
longitudinal and circumferential shortening, and radial thickening, thus
making STE a reliable means of detecting early subtle cardiac involvement
in various clinical settings such as connective tissue diseases (Sitia et al.,
2009).

To the best of our knowledge, the study of Sitia is the first evaluating LA
function in SSc by means of STE strain analysis, although a number of papers
had previously described subclinical LVand right ventricle (RV) abnormalities
in SSc patients, using TDI parameters and strain rate imaging (Meune et al.,
2008; Mele et al., 2008; Kepez et al., 2008; Spethmann et al., 2012). Mele
et al. (2008) showed that TDI-derived myocardial systolic deformation indices
based on strain and strain rate analysis and the E/E0 ratio are valuable for
detecting cardiac involvement in asymptomatic SSc patients. D’Andrea et al.
(2005) further confirmed that STE imaging can detect early RV and LV
involvement, as well as CFR and brachial artery flow-mediated dilatation, as
signs of early vascular impairment in SSc. In another study, Schattke et al.
(2010) used isovolumetric acceleration, a new tissue Doppler parameter, to
detect early RV systolic impairment in SSc patients without pulmonary hy-
pertension. Kepez et al. (2008) found that SSc patients without pulmonary
hypertension or overt clinical cardiac involvement had reduced myocardial
strain and strain rate despite normal 2D, conventional Doppler and TDI pa-
rameters. Interestingly, Yiu et al. (2011) showed that subtle LV dysfunction
assessed by means of STE strain analysis is related to lower functional ca-
pacity and rhythm disturbances in patients with SSc, and Spethmann et al.
(2012) found that LV systolic impairment assessed by strain imaging is pri-
marily due to alterations in the basal LV segments in SSc patients with a
preserved LVEF.

None of the previous speckle tracking studies of SSc patients ever
addressed LA function or dimensions because they were focused on LVor RV
function. It is true that assessing LV and RV dysfunction is the main target of
cardiac assessment and represents the final result of all potential patho-
physiological impairments, but many of these alterations can be intercepted
earlier by detecting changes in LA regional mechanical characteristics and
function. A few previous studies had evaluated LA characteristics in SSc
patients: Dimitroulas et al. (2010) showed that LA volume may be a useful
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noninvasive marker for predicting high pulmonary artery pressure. Further-
more, impaired electromechanical LA function, including prolonged intra-/
interatrial electromechanical delay and greater P-wave dispersion in com-
parison with controls, has confirmed their greater risk of developing supra-
ventricular arrhythmias.

7. MYOCARDIAL CONTRAST ECHOCARDIOGRAPHY

Myocardial contrast echocardiography (MCE) is an emerging technique in
which microbubble contrast agents are visualized in the coronary microvas-
culature. MCE is an ideal means of noninvasive evaluation of acute coronary
syndromes (ACS) because it allows the portable, simultaneous assessment of
regional wall motion and myocardial perfusion. Recent advances in micro-
bubble contrast agents and ultrasound imaging technology have allowed new
clinical applications, and studies suggest it can play a promising role in
evaluating chest pain, establishing the diagnosis and prognosis of acute
myocardial infarction, assessing the success of reperfusion, and differentiating
myocardial stunning and myocardial necrosis. Potential future applications of
MCE in ACS include the detection of inflammation and ultrasound-induced
thrombolysis.

8. USEFULNESS OF BIOMARKERS OF ENDOTHELIAL
DYSFUNCTION

In the field of systemic autoimmune disease, a new challenge for cardiologists
is the early diagnosis of subtle cardiac abnormalities at a preclinical stage. In
addition to using instrumental diagnostic investigations, there is growing ev-
idence that plasma ADMA levels closely correlate with CV disease in patients
with autoimmune disorders. Increased levels have been demonstrated in a
number of pathological conditions characterized by a high CV risk, such as
hypercholesterolemia (Böger et al., 1998), hypertriglyceridemia (Lundman
et al., 2001), peripheral arterial disease (Böger et al., 1997), hypertension
(Surdacki et al., 1999), type 2 diabetes mellitus (Stühlinger et al., 2002), ACS
(Bae et al., 2005), and end-stage renal disease (MacAllister et al., 1996). Kiani
et al. (2007) have described higher ADMA levels among SLE patients, in
whom they seemed to be associated with coronary calcium and poor prog-
nosis. Turiel et al. (2009a,b) also found that increased plasma ADMA levels
in early RA patients free of antirheumatic therapy were associated with a
subclinical impairment of the coronary microcirculation. Interestingly, the
same authors (Turiel et al., 2010) observed that the improvement in inflam-
matory status and better control of disease activity induced by 18 months of
treatment with MTX or anti-TNFa agents significantly improved CFR. An
evaluation of arterial distensibility and stiffness represent good indices of
endothelial dysfunction and preclinical atherosclerosis: reduced arterial
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distensibility disturbs coronary perfusion and has been related to an increased
CV risk (Wang and Fitch, 2004). Yildiz (2010) has reported subclinical
impairment of aortic pulse wave velocity in patients with chronic inflamma-
tory rheumatic disorders such as SLE, RA, psoriasis, and systemic sclerosis,
which is mainly due to their chronic inflammatory status.

9. CAROTID ULTRASONOGRAPHY

9.1 Carotid Atherosclerosis

Elastic arteries, such as carotid arteries, are close to the skin and easily
accessible for ultrastructural investigation. Wall abnormalities can be assessed
using a 7 MHz linear array transducer for B-mode ultrasonography. The
ccIMT measured in the far wall is one of the most relevant indicators of
vascular aging(Virmani et al., 1991), and an IMT of >1 mm rather than
localized carotid atherosclerosis is considered to be a reliable indicator of
generalized atherosclerosis (Fig. 8.4) (Bots et al., 1997). Increased ccIMT
indicates a higher risk of myocardial infarction, peripheral arterial disease, and
stroke (Bots et al., 1996) but is only moderately sensitive in predicting future
cardiovascular events (Simon et al., 2007). The site of measurement is a
crucial element for standardization and reliability (Nambi et al., 2012) but,
although ccIMT assessments are considered to be quantitative, they do not
allow a fine ultrastructural analysis of the whole extra-cranial carotid system
(Stein et al., 2008). The presence of plaque in the carotid system or the
determination of total plaque area are considered to be better predictors of
future myocardial and cerebrovascular events than ccIMT (Spence 2002)
(Fig. 8.5), and the combined assessment of ccIMT and plaque detection is

FIGURE 8.5 Different intima-media thickness (IMT) measurements.
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recommended in asymptomatic adults at intermediate risk of cardiovascular
events (Greenland et al., 2010; Stein et al., 2008).

Increased ccIMT indicating atherosclerosis has been described in RA
(Shoenfeld et al., 2005; Gerli et al., 2005; Kumeda et al., 2002), and ccIMT
has become the most widely used indicator of subclinical atherosclerosis in
rheumatic diseases. Numerous cross-sectional studies have showed increased
ccIMT indicating accelerated atherosclerosis (Kerekes et al., 2011; Kerekes
et al., 2009a,b; Kramer and Giles, 2011; Gonzalez-Gay et al., 2008) in patients
with RA or AS (Bodnar et al., 2011; Gonzalez-Juanatey et al., 2009a,b; Peters
et al., 2009), and subclinical atherosclerosis has been detected in patients with
PsA, SLE, and SSc (Szücs et al., 2007; Gonzalez-Juanatey et al., 2006; Salmon
and Roman 2008). One small follow-up cohort study has supported the long-
term predictive power of ccIMT for future cardiovascular events in patients
with RA (Gonzalez-Juanatey et al., 2009a,b). As RA is an important risk factor
for atherosclerosis according to current guidelines, ccIMT might be a useful
for screening this patient population.

The reported effects of biological agents (primarily TNF blockers and
rituximab) on carotid atherosclerosis are inconsistent, depending on the type of
drug, treatment duration, and its clinical efficacy (Kitas and Gabriel, 2011;
Kerekes et al., 2009a,b, 2011; Sidiropoulos et al., 2009).

A number of studies have assessed early endothelial dysfunction in RA
patients by measuring FMD or nitroglycerine-mediated vasodilatation (NMD)
(Shoenfeld et al., 2005; Bergholm et al., 2002; Vaudo et al., 2004). FMD and
NMD respectively indicate endothelium-dependent and endothelium-
independent vasodilation (Lekakis et al., 1998; Corretti et al., 2002), and
both impaired (Bergholm et al., 2002) and normal FMD (Van Doornum et al.,
2003) have been reported in patients with rheumatic diseases.

Early endothelial dysfunction has been assessed by means of high-
resolution ultrasonography measurements of brachial artery FMD and NMD
(Corretti et al., 2002): the percentage increase from baseline in FMD induced
by reactive hyperemia was significantly lower in RA patients (5.3%) than in
healthy subjects (8.3%), whereas there was no difference in the percentage
increase in NMD after the administration of nitroglycerine in the patients
(18.3%) and controls (17.5%). Impaired FMD has been detected in young RA
patients with low disease activity (Bergholm et al., 2002). Similar observations
have been made in patients with SSc (impaired FMD% associated with normal
NMD%) (Szamosi et al., 2009), whereas both FMD% and NMD% are
impaired in SLE patients (Szekanecz and Shoenfeld, 2006; Kiss et al., 2006).

In terms of imaging, high ccIMT values are associated with impaired
FMD%. The early endothelial dysfunction indicated by FMD% may precede
the manifest atherosclerosis indicated by ccIMT, and more pronounced
endothelial dysfunction may lead to more accelerated atherosclerosis in RA
(Shoenfeld et al., 2005; Giles et al., 2006). High ccIMT values also correlate
with age and total cholesterol levels.
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Disease duration is significantly associated with impaired FMD%, and
there is a tendency for higher ccIMT values to be found in RA patients with a
longer disease duration. The role of age and disease duration in RA-associated
atherosclerosis has been confirmed by Peters et al. (2008), Stamatelopoulos
et al. (2009), Protogerou et al. (2008), and Vanhoutte (2009).

The measurement of ccIMT is a standard method of assessing overt
atherosclerosis (Kerekes et al., 2008; Sherer et al., 2007; Kanters et al., 1997);
PW velocity and the augmentation index (AIx) are parameters of arterial
stiffness and wave reflection.

There is a need for new diagnostic techniques that can predict early
endothelial dysfunction and overt atherosclerosis preclinically (Kerekes et al.,
2008; Corretti et al., 2002; Soltesz et al., 2009; Kerekes et al., 2012; Szekanecz
et al., 2016) (Fig. 8.6). These need to be rapid, reproducible, and applicable to

FIGURE 8.6 Carotid plaque.

FIGURE 8.7 3D carotid and aorta models.
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a relatively large number of patients, and should be able to identify patients at
high risk of CV morbidity and mortality easily and cost-effectively. The new
3D carotid and aortic approach will improve the likelihood of detecting pre-
clinical atherosclerosis (Fig. 8.7).

10. CONCLUSION

CV mortality and morbidity is increased in patients with SADs; invasive and
noninvasive imaging is a reliable means of screening, diagnosing, and
following-up CV involvement in patients with SADs.
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Szücs, G., Szekanecz, Z., Zilahi, E., et al., 2007. Systemic sclerosiserheumatoid arthritis overlap

syndrome: a unique combination of features suggests a distinct genetic, serological and

clinical entity. Rheumatology (Oxford) 46 (6), 989e993.

Szekanecz, Z., Kerekes, G., Végh, E., et al., 2016. Autoimmune atherosclerosis in 3D: how it

develops, how to diagnose and what to do. Autoimmun. Rev. pii:S1568e9972(16)30062-3

http://dx.doi.org/10.1016/j.autrev.2016.03.014.

Tanasescu, C., Jurcut, C., Jurcut, R., 2009. Vascular disease in rheumatoid arthritis: from sub-

clinical lesions to cardiovascular risk. Eur. J. Intern. Med. 20, 348.

Turiel, M., Muzzupappa, S., Gottardi, B., 2000. Evaluation of cardiac abnormalities and embolic

sources in primary antiphospholipid syndrome by transesophageal echocardiography. Lupus 9,

406e412.

204 The Heart in Systemic Autoimmune Diseases

http://dx.doi.org/10.1016/j.autrev.2016.03.014


Turiel, M., Sarzi-Puttini, P., Peretti, R., 2005. Five-year follow-up by transesophageal echocar-

diographic studies in primary antiphospholipid syndrome. Am. J. Cardiol. 96, 574.

Turiel, M., Atzeni, F., Tomasoni, L., et al., 2009a. Non-invasive assessment of coronary flow

reserve and ADMA levels: a case-control study of early rheumatoid arthritis patients. Rheu-

matology 48, 834.

Turiel, M., Sitia, S., Tomasoni, L., 2009b. Cardiac involvement in rheumatoid arthritis. Reuma-

tismo 61, 244.

Turiel, M., Tomasoni, L., Sitia, S., 2010. Effects of long-term disease-modifying antirheumatic drugs

on endothelial function in patients with early rheumatoid arthritis. Cardiovasc. Ther. 28, e53.

Turiel, M., Gianturco, L., Ricci, C., 2013. Silent cardiovascular involvement in patients with

diffuse systemic sclerosis: a controlled cross-sectional study. Arthritis Care Res. 65, 274.

Vacca, A., Montisci, R., Garau, P., 2013. Prognostic impact of coronary microcirculation abnor-

malities in systemic sclerosis: a prospective study to evaluate the role of non-invasive tests.

Arthritis Res. Ther. 15, R8.

Van Doornum, S., McColl, G., Jenkins, A., et al., 2003. Screening for atherosclerosis in patients

with rheumatoid arthritis: comparison of two in vivo tests for vascular function. Arthritis

Rheum. 48, 72.

Vanhoutte, P.M., 2009. Endothelial dysfunction: the first step toward coronary arteriosclerosis.

Circ. J. 73 (4), 595e601.

van Zonneveld, A.J., de Boer, H.C., van der Veer, E.P., 2010. Inflammation, vascular injury and

repair in rheumatoid arthritis. Ann. Rheum. Dis. 69 (Suppl. 1), i57.

Vaudo, G., Marchesi, S., Gerli, R., et al., 2004. Endothelial dysfunction in young patients with

rheumatoid arthritis and low disease activity. Ann. Rheum. Dis. 63, 31.

Veale, D.J., Collidge, T.A., Belch, J.J., 1995. Increased prevalence of symptomatic macrovascular

disease in systemic sclerosis. Ann. Rheum. Dis. 54, 853.

Virmani, R., et al., 1991. Effect of aging on aortic morphology in populations with high and low

prevalence of hypertension and atherosclerosis. Comparison between occidental and Chinese

communities. Am. J. Pathol. 139, 1119.

Wakkee, M., de Jong, E.M., 2013. Is psoriasis a dependent cardiovascular risk factor? Ned.

Tijdschr. Geneeskd. 157, A5417.

Wang, Y.X., Fitch, R.M., 2004. Vascular stiffness: measurements, mechanisms and implications.

Curr. Vasc. Pharmacol. 2, 379.

Yildiz, M., 2010. Arterial distensibility in chronic inflammatory rheumatic disorders. Open Car-

diovasc. Med. J. 4, 83.

Yiu, K.H., Schouffoer, A.A., Marsan, N.A., et al., 2011. Left ventricular dysfunction assessed by

speckle-tracking strain analysis in patients with systemic sclerosis: relationship to functional

capacity and ventricular arrhythmias. Arthritis Rheum. 63, 3969e3978.

Yousuf, T., Kramer, J., Kopiec, A., et al., 2015. A rare case of cardiac tamponade induced by

chronic rheumatoid arthritis. J. Clin. Med. Res. 7 (9), 720.

FURTHER READING

Atzeni, F.,, Sarzi-Puttini, P., Delfino, L., et al., 2004. Decreased coronary flow reserve in patients

with rheumatoid arthritis. Ann. Rheum. Dis. 63, S196.

Baillet, A., et al., 2016. Points to consider for reporting, screening for and preventing selected

comorbidities in chronic inflammatory rheumatic diseases in daily practice: a EULAR

initiative. Ann. Rheum. Dis. 75, 965.

Bijl, M.,, Brouwer, J., Kallemberg, G.G.M., 2000. Grand rounds from international lupus centres.

Cardiac abnormalities in SLE: pancarditis. Lupus 9, 236.

Cardiac Imaging Techniques in Systemic Autoimmune Diseases Chapter j 8 205



Candell-Riera, J.,, Armadans-Gil, L., Simeon, C.P., 1996. Comprehensive noninvasive assessment

of cardiac involvement in limited systemic sclerosis. Arthritis Rheum. 39, 1138.

Chung, C.P.,, Oeser, A., Raggi, P., et al., 2005. Increased coronary artery atherosclerosis in

rheumatoid arthritis: relationship to disease duration and cardiovascular risk factors. Arthritis

Rheum. 52, 3045.

Daza, L.,, Aguirre, M., Jimenez, M., et al., 2007. Common carotid intima-media thickness and von

Willebrand factor serum levels in rheumatoid arthritis female patients without cardiovascular

risk factors. Clin. Rheumatol. 26, 533.

del Rincon, I.,, Williams, K., Stern, M.P., 2001. High incidence of cardiovascular events in a

rheumatoid arthritis cohort not explained by traditional cardiac risk factors. Arthritis Rheum.

44, 2737.

Del Rincon, I.,, Williams, K., Stern, M.P., et al., 2003. Association between carotid atherosclerosis

and markers of inflammation in rheumatoid arthritis patients and healthy subjects. Arthritis

Rheum. 48, 1833.

Deswall, A., Follansbee, W.P., 1996. Cardiac involvement in scleroderma. Rheum. Dis. Clin. North

Am. 22, 841.

Eichenberger, A.C.,, Schuiki, E., Kochli, D.V., 1994. Ischaemic heart disease: assessment with

gadolinium-enhanced ultrafast MR imaging and dipyridamole stress. J. Magn. Reson.

Imag. 4, 425.

Ferri, C.,, Di Bello, V., Martini, A., 1998. Heart involvement in systemic sclerosis: an ultrasonic

tissue characterisation study. Ann. Rheum. Dis. 57, 296.

Ferri, C.,, Bernini, L., Bongiorni, M.G., 1985. Noninvasive evaluation of cardiac dysrhythmias,

and their relationship with systemic symptoms, in progressive systemic sclerosis. Arthritis

Rheum. 28, 1259.

Follansbee, W.P.,, Curtiss, E.I., Rahko, P.S., 1985. The electrocardiogram in systemic sclerosis

(scleroderma). Study of 102 consecutive cases with functional correlations and review of the

literature. Am. J. Med. 79, 183.

Gerli, R., et al., 2007. Precocious atherosclerosis in rheumatoid arthritis: role of traditional and

disease-related cardiovascular risk factors. Ann. NY Acad. Sci. 1108, 372.

Ghaffary, S., 1999. Detection and management of coronary artery disease in patients with rheu-

matological disorders. Rheum. Dis. Clin. North Am. 25, 657.

Gonzalez-Juanatey, C.,, Llorca, J., Testa, A., et al., 2003. Increased prevalence of severe sub-

clinical atherosclerotic findings in long-term treated rheumatoid arthritis patients without

clinically evident atherosclerotic disease. Medicine 82, 407.

Goodson, N., 2002. Coronary artery disease and rheumatoid arthritis. Curr. Opin. Rheumatol.

14, 115.

Hannawi, S.,, Haluska, B.,, Marwick, T.H., Thomas, R., 2007. Atherosclerotic disease is increased

in recent-onset rheumatoid arthritis: a critical role for inflammation. Arthritis Res. Ther. 9,

R116.

Ishida, R.,, Murata, Y., Sawada, Y., 2000. Thallium-201 myocardial SPET in patients with collagen

disease. Nucl. Med. Commun. 21, 729.
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Key Points

l Cardiovascular involvement in systemic inflammatory diseases is highly
heterogeneous, with manifestations affecting different heart structures.
New instruments now allow an early diagnosis and prompt treatment.

l Cardiac magnetic resonance imaging has emerged as a noninvasive means
of accurately and reproducibly assessing myocardial anatomy and
function.

l Computed tomography is a noninvasive tool, which is highly sensitive in
detecting coronary artery disease and evaluating pericardial disease.

l Right heart catheterization is a fundamental means to confirm a diagnosis
of pulmonary arterial hypertension in patients with SADs.

l Endomyocardial biopsy is still the gold standard for the diagnosis of
myocarditis.

1. INTRODUCTION

Systemic inflammatory diseases are associated with an increase in cardio-
vascular (CV) morbidity and mortality. The relationship between systemic
inflammatory diseases and heart disease can only partially be explained by
traditional CV risk factors, which are highly prevalent among subjects with
inflammatory diseases. That prominent role is played by the immuno-mediated
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inflammatory pattern, which is activated in systemic inflammatory diseases,
and the potentially unfavorable CV and metabolic effects caused by steroidal
and nonsteroidal antiinflammatory drugs. Cardiovascular involvement in sys-
temic inflammatory diseases is highly heterogeneous, with manifestations
affecting the pericardium, cardiac muscle, endocardium and valves, conduc-
tion system, coronary arteries, pulmonary arterioles, great and small vessels of
the systemic circulation, with an increased risk of major cardiovascular and
cerebral complications.

The advances made in increasingly accurate instruments now allow an
early diagnosis and prompt treatment. This chapter will describe the current
role of two noninvasive [cardiac magnetic resonance imaging (CMRI) and
coronary computed tomography (CT)] and two invasive methods (right heart
catheterization and endomyocardial biopsy).

2. CARDIAC MAGNETIC RESONANCE IMAGING

Over the last 15 years, CMRI has emerged as a noninvasive means of accu-
rately and reproducibly assessing myocardial anatomy and function and has
become the gold standard for measuring the ejection fraction and left and right
ventricular volumes (Gosh-Dastidar et al., 2016; Semelka et al., 1990). It can
reveal myocardial lesions in patients with mixed connective tissue disease
(CTD) and cardiac symptoms requiring further cardiac investigation and/or
treatment, including myocardial infarction, inflammation, widespread sub-
endocardial fibrosis, and perfusion defects (Mavrogeni et al., 2015). It can also
be used to assess myocardial viability in patients with ischemic cardiomy-
opathies, to detect intraventricular thrombi and constrictive pericarditis, to
quantify valve dysfunction and iron overload (T2*), to diagnose congenital
heart disease and interstitial fibrosis in dilated and infiltrative cardiomyopa-
thies, and to assess patients with suspected arrhythmogenic right ventricular
dysplasia/cardiomyopathy.

2.1 Cardiac Magnetic Resonance Imaging Techniques

2.1.1 Cine Imaging

Steady-state free precession is the sequence of choice for cine imaging
because of its clear definition of endocardial and epicardial borders.

2.1.2 T2-Weighted Imaging

T2-weighted (T2W) short-tau inversion recovery (STIR) imaging is a sequence
sensitive to increased myocardial water content and thus allows the delineation of
areas of myocardial edema. The increased mobile water content associated with
edema appears hyperintense on T2W-STIR images (Abdel-Aty and Schulz-
Menger, 2007) and it has been shown that the quantification of myocardial edema
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using tissue signal thresholds closely correlates with ischemic time (Aletras et al.,
2006; Abdel-Aty and Schulz-Menger,, 2007). Myocardial edema may be present
after any form of myocardial injury, including myocardial ischemia, acute
infarction, myocarditis, sarcoidosis, and trauma (Abdel-Aty et al., 2007).

2.1.3 First-Pass Myocardial Perfusion Imaging

This technique tracks the transit of a contrast agent through the cardiac
chambers and its perfusion in the myocardium (McAlindon et al., 2015). It is
mainly used in conjunction with a stressor to evaluate the presence of inducible
perfusion defects (a surrogate for inducible myocardial ischemia), which
appear as hypointense areas lacking contrast perfusion because of significant
coronary stenosis. The images are often acquired at the time of peak stress and
during rest for purposes of comparison. The most widely used stressors are
vasodilators such as adenosine and dypyridamole. In patients with acute cor-
onary syndromes, resting first-pass perfusion can be used to assess the presence
of early microvascular obstruction as a marker of microvascular damage.

2.1.4 Late Gadolinium Enhancement Imaging

One of the unique properties of CMRI is its ability to characterize tissue by
means of late gadolinium enhancement imaging (LGE) because of the inherent
relative differences in the distribution volume of gadolinium (Gd) in normal
and abnormal myocardium (Arheden et al., 1999; Rolf et al., 2009). Gd is
normally confined to the extracellular and interstitial space (e.g., it does not
penetrate intact myocardial cell membranes) but changes in the interstitium,
such as infiltration or fibrosis, do increase its volume of distribution and allow
a larger amount of Gd to penetrate into the tissue. T1-weighted (T1W) CMRI
early after Gd administration is used to assess myocardial perfusion during its
“first-pass” entry into the myocardial microcirculation, whereas late imaging
(10e20 min after Gd administration) allows washout from the myocardial
circulation. The myocardial signal is nullified by the use of an inversion pulse,
leaving the normal myocardium looking black and areas of abnormal
myocardium appearing relatively bright due to the residual Gd in the tissue
(Kim et al., 2003; Weaver and McCrohon, 2008). Myocyte necrosis leads to
the loss of cell membrane integrity, thus allowing the intracellular accumu-
lation of Gd as occurs in the LGE imaging of patients with myocardial
infarction (Thygesen et al., 2007) (Fig. 9.1).

2.2 Clinical Role and Indications for Cardiac Magnetic
Resonance Imaging

2.2.1 Ischemic Cardiomyopathy

CMRI is now considered the gold standard for assessing myocardial viability.
Numerous studies have shown that left ventricular (LV) dysfunction in patients
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with coronary artery disease (CAD) may be a reversible phenomenon related
to myocardial stunning or myocardial hibernation, thus establishing that not all
dysfunctional myocardium in ischemic heart disease is irreversible
(Bucciarelli-Ducci et al., 2006). LGE CMRI allows the differentiation of
viable and nonviable myocardium and identifies the segments that could
benefit from revascularization. It has recently been demonstrated that CMRI in
patients with symptomatic CTD and normal echocardiography findings can
assess disease acuity and identify vasculitis, myocarditis, and myocardial
infarction (Mavrogeni et al., 2014).

2.2.2 Interstitial Fibrosis

Diffuse interstitial or replacement myocardial fibrosis is a common feature of a
many cardiomyopathies. Myocardial fibrosis leads to impaired diastolic and
systolic function and is associated with adverse cardiovascular events. CMRI
can characterize the extent of replacement fibrosis and may have prognostic
value in various cardiomyopathies.

2.2.3 Infiltrative Cardiomyopathies

Infiltrative cardiomyopathies, which may present with systolic or diastolic
heart failure, arrhythmias or sudden cardiac death, can be difficult to diagnose.
CMRI accurately assesses ventricular morphology and allows the imaging of
abnormal areas of myocardium with particular LGE patterns that correlate
with the underlying infiltrative diagnosis (Mahrholdt et al., 2005). Such
conditions include sarcoidosis, CTD, endomyocardial fibrosis, and amyloid
infiltration (Ichinose et al., 2008; Hamilton-Craig et al., 2008) (Fig. 9.2).

FIGURE 9.1 Cardiac magnetic resonance. A patient with a nonrecent anterior myocardial

infarction. Late enhancement imaging shows transmural infarction in the left anterior descending

artery territory.
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2.2.4 Valve Dysfunction

CMRI can assess anatomical mechanisms and quantify severity. Echocardio-
graphic measurements of regurgitation may be inaccurate, particularly in
dilated ventricles (Schwammenthal et al., 1994), but the 3-dimensional volu-
metric nature of CMRI helps to overcome the heterogeneity and eccentricity of
regurgitant jets (D’Ancona et al., 2008).

2.2.5 Arrhythmogenic Right Ventricular Dysplasia

CMRI is the best imaging technique for assessing RV free wall contraction
abnormalities, and is particularly valuable in patients with suspected
arrhythmogenic RV dysplasia (Jain et al., 2008; Sen-Chowdhry et al., 2006).

2.2.6 Constrictive Pericarditis

This condition is notoriously difficult to diagnose as the echocardiographic
and invasive hemodynamic findings are often subtle. CMRI accurately
assesses pericardial thickness using double and triple inversion recovery
sequences and can noninvasively demonstrate ventricular interdependence
(Fig. 9.3).

2.2.7 Inflammatory Vasculitis

Vasculitis (as in the case of giant cell arteritis, Takayasu arteritis, idiopathic
aortitis, polyarteritis nodosa, Behçet diseasem and Churg-Strauss syndrome)
can lead to devastating complications, including blindness, renal failure, aortic
rupture, and heart failure as a result of a variety of end-organ effects. A
delayed diagnosis significantly contributes to poor outcomes, but CMRI (with
and without exogenous contrast medium) offers various noninvasive

FIGURE 9.2 Cardiac magnetic resonance. Cardiac amyloidosis before and after Gadolinium

administration.
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angiography and vessel wall imaging techniques. The usefulness of these
techniques in patients with inflammatory vasculitis comes from the fact that
they can accurately delineate the presence and extent of the disease at the time
of initial presentation and they allow ongoing dialogue between CMRI spe-
cialists and the clinicians responsible for its diagnosis and long-term man-
agement (Raman et al., 2012).

3. COMPUTED TOMOGRAPHY

CT has evolved into such a potent means of diagnosis that it is now impossible
to imagine clinical practice without it. It has become very important for
cardiologists as it is widely available, easy to use, noninvasive, and highly
sensitive in detecting coronary artery disease and evaluating pericardial
diseases, pericardial fluid, and pericardial neoplasms. As coronary arteries are
small, high resolution is critical for assessing their lumens, but the spatial and
temporal resolution of modern multidetector row CT systems (and their vol-
ume coverage) are sufficient to allow their robust imaging in many patients
(Halliburton et al., 2012).

Radiation doses are a matter of concern and special measures need to be
taken to avoid unnecessarily high doses when CT is used for coronary artery
imaging (Hausleiter et al., 2010). Recent advances in scanner technology and
image sequencing have addressed this issue in randomized clinical trials,
which indicate that coronary CT angiography (CTA) will play a greater role
in assessing CAD in the years to come (Markham et al., 2016). Coronary
artery CT can be performed without using contrast (coronary calcium
scoring) or after an intravenous injection of an iodinated contrast agent
(coronary CTA).

FIGURE 9.3 Cardiac magnetic resonance. On the left is a four chamber view of the ventricles

showing a thickened pericardium (arrows). On the right is a short axis view of the same patient.
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3.1 Coronary Calcium Scoring

Multidetector row CT without contrast can detect calcified coronary lesions,
which are usually quantified using the “Agatston score” (Agatston et al.,
1990). With the exception of patients with renal failure (who may have medial
calcification), coronary calcium is exclusively due to coronary atherosclerosis,
and correlates with its extent (O’Rourke et al., 2000), although its correlation
with the degree of luminal narrowing is poor. Even severe calcification may
not cause luminal stenosis, which therefore cannot be ruled out on the grounds
of a low calcium score in symptomatic subjects, especially when they are
young and the symptoms are acute (Marwan et al., 2009).

3.2 Coronary Computed Tomography Angiography

After the intravenous injection of a contrast agent, CT can visualize the cor-
onary artery lumen provided that it is at least 64-slice CT, and the patients are
carefully selected and prepared (Fig. 9.4). Coronary CTA should only be
considered in the case of nonobese patients with a favorable calcium score
who are in sinus rhythm, have a heart rate �65 b.p.m. (preferably �60 b.p.m.),
and can hold their breath adequately (Abbara et al., 2009). If necessary, the use
of short-acting b-blockers or other heart rateelowering medication is
recommended. As the specificity of coronary CTA decreases with increasing
amounts of coronary calcium (Budoff et al., 2008; Brodoefel et al., 2008; Chen
et al., 2011), and it has been found that the prevalence of coronary artery
stenosis is high in symptomatic subjects with an Agatston score of >400

FIGURE 9.4 Cardiac computed tomography: a severe left anterior descending artery stenosis.
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(van Werkhoven et al., 2010), it is reasonable not to proceed with coronary
CTA if the score is >400 (Meijs et al., 2009). However, at individual patient
level, per segment calcification affects diagnostic accuracy more than calcium
(Vavere et al., 2011), and the effect calcium on the accuracy of coronary CTA
is less pronounced in patients with low heart rates and when modern CT
systems are used (Alkadhi et al., 2008; Westwood et al., 2013). If no calcium
score is obtained and calcifications are only seen on the completed coronary
CTA scan, it may be prudent to refrain from trying to quantify stenosis in areas
of extensive calcifications and call the test “unclear.”

Multicenter studies using 64-slice CT have found a sensitivity of
95e99% and a specificity of 64e83% in patients with suspected CAD, as
well as negative predictive values of 97e99% for the identification of sub-
jects with at least one coronary artery stenosis revealed by invasive coronary
angiography (Budoff et al., 2008; Meijboom et al., 2008). Meta-analyses of
smaller trials confirm the high sensitivity (98e99%) and negative predictive
values (99e100%), and the lower specificity (82e89%) and positive pre-
dictive values (91e93%) (Paech and Weston, 2011). Severe coronary cal-
cium negatively affects the accuracy of coronary CTA (Brodoefel et al.,
2008; Vavere et al., 2011). The role of the imaging in coronary stents has
been demonstrated, but partial volume effects and artifacts caused by metal
frequently prevent adequate visualization of the coronary lumen inside them.
The assessment of coronary artery bypass grafts is highly accurate, but there
are limitations concerning the detection of stenosis at the site of the anas-
tomosis to the coronary artery and in the peripheral run-off vessels (Ropers
et al., 2006; Weustink et al., 2009). Registry data confirm an excellent
prognosis if coronary CTA demonstrates the absence of coronary artery
stenosis (Min et al., 2011; Chow et al., 2011).

The diagnostic performance of coronary CTA is very accurate in subjects
in the lower range of intermediate pretest probability for the disease (Paech
and Weston, 2011; Meijboom et al., 2007) and so it may be useful in ruling out
coronary stenosis in such patients. If they have the characteristics described
earlier, good image quality and reasonably low radiation exposure can be
expected if appropriate technology and expertise are available. However,
coronary CTA cannot rule out functional CAD.

The developments in coronary CTA, such as CT-FFR (fractional flow
reserve) need further validation (Min et al., 2012).

3.3 Pericardial Disease

Pericardial disease is frequently encountered in clinical practice and may be
present alone or associated with other systemic disorders such as autoimmune
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diseases. Recognizing pericardial disease can be relatively easy, particularly if
the clinical manifestation is typical (e.g., acute pericarditis and an audible
friction rub, reported retrosternal pain exacerbated by inspiration, or being in
the supine position). However, pericardial disease can also be associated with
nonspecific symptoms and equivocal physical findings that can be difficult to
diagnose. In this setting, CT may be very useful as it is the most accurate
means of imaging to detect the calcified tissue that is very frequent in chronic
pericarditis (Cosyns et al., 2014) (Fig. 9.5).

The more common diagnostic CT findings in pericardial disease are:

l thickened pericardial layers becoming enhanced after the administration of
contrast medium;

l abnormalities involving the entire pericardium;
l variable amounts of pericardial fluid;
l thickened pericardial layers and pericardial calcification (Fig. 9.6);
l possible extension of the fibrocalcific process to the adjacent myocardium;
l compression of cardiac contents by a rigid, deformed pericardium;
l fluid accumulation in the pericardial sac and/or pericardial sinuses; and
l a pericardial width of >4 mm, regarded as an abnormal amount of fluid.

FIGURE 9.5 Cardiac computed tomography: thickened pericardium (arrows).
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4. RIGHT HEART CATHETERIZATION

Pulmonary hypertension (PH) is defined as an increase in mean resting
pulmonary arterial pressure (PAPm) �25 mmHg as assessed by means of right
heart catheterization (RHC) (Hoeper et al., 2013). Normal resting PAPm is
14 � 3 mmHg, with an upper limit of 20 mmHg (Kovacs et al., 2009); the
clinical significance of PAPm values of between 21 and 24 mmHg is not clear
(Hoeper et al., 2013).

Pulmonary arterial hypertension (PAH) is one of the major complications
of CTDs such as systemic sclerosis (SSc), systemic lupus erythematosus, and
mixed CTD (Khanna et al., 2013; Hao et al., 2014), and PAH associated with
CTD is the second most prevalent type of PAH after idiopathic PAH in
Western countries (Coghlan, 2013). SSc (particularly its limited variant) is the
main CTD associated with PAH in Europe and the USA (Khanna et al., 2013;
Hao et al., 2014) and the prevalence of precapillary PH in SSc patients ranges
from 5% to 12% (Khanna et al., 2013; Hachulla et al., 2009, 2005; Avouac
et al., 2010). In such patients, PH may occur in association with interstitial
lung disease or be due to an isolated pulmonary vascular disease, which may
affect the precapillary arterioles (PAH) and postcapillary venules as in
pulmonary veno-occlusive disease (Humbert and Hassoun, 2014; Gunther
et al., 2012). These patients may also have pulmonary venous hypertension
due to left heart disease (Humbert and Hassoun, 2014; Fox et al., 2013; Hoeper
et al., 2006). It is therefore essential to determine which hemodynamic
mechanism is involved in each patient because precapillary PH [pulmonary
artery wedge pressure (PAWP) �15 mmHg] alone must be treated with
specific drugs: endothelin receptor antagonists; phosphodiesterase type 5

FIGURE 9.6 Cardiac computed tomography: pericardial calcification.

218 The Heart in Systemic Autoimmune Diseases



inhibitors and guanylate cyclase stimulators; prostacyclin analogues; and
prostacyclin receptor agonists (Galie et al., 2015).

RHC allows the hemodynamic evaluation of the right heart and pulmonary
artery circulation, including capillary wedge pressures. It allows to measure
the cardiac output and the pulmonary vascular resistances and to detect
intracardiac shunts.

It is a fundamental tool to confirm a diagnosis of PAH and to assess the
risk. When performed at dedicated centers, this invasive procedure is asso-
ciated with low morbidity and mortality rates (1.1% and 0.055%, respec-
tively) (Hoeper et al., 2006). RHC is carried out antegrade through the
inferior or superior vena cava, with percutaneous entry through the femoral,
subclavian, jugular, or antecubital vein. The widely used balloon flotation
(Swan-Ganz) catheter (Fig. 9.7) is between 50 and 125 cm long and has
proximal and distal hubs, a balloon inflation valve with a syringe, and a
thermistor connector. The distal tip is equipped with a balloon and end-hole,
while the proximal injection port is 30 cm from the distal lumen and the
thermistor just proximal to the balloon. It is both flexible and flow directed
but, when the femoral approach is used, fluoroscopic guidance is almost
always necessary to advance into the pulmonary artery and obtain pulmonary
capillary wedge position. It is also important to measure LV end-diastolic
pressure to avoid the misclassification of patients with high PAWP when
this is unexpected and may be incorrect (age<65 years; no left heart disease
or valvulopathy; no risk factors for heart failure with preserved ejection
fraction; a normal sized left atrium and absence of echocardiographic markers
of high LV filling pressures).

The most frequent complications of RHC are nonsustained atrial and
ventricular arrhythmias. Major complications are infrequent but include

FIGURE 9.7 Swan-Ganz catheter.
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pulmonary infarction, pulmonary artery, or right ventricle perforation and
infection.

5. ENDOMYOCARDIAL BIOPSY

Myocarditis is an inflammatory disease of the myocardium caused by various
infectious and noninfectious triggers. Systemic autoimmune diseases such as
Churg-Strauss syndrome (Vinit et al., 2010) or hypereosinophilic syndrome
(Loeffler disease) (Corssmit et al., 1999) can be associated with eosinophilic
myocarditis. In the case of cardiac sarcoidosis (Nunes et al., 2010) and giant cell
myocarditis (Cooper, 2005), which are rare causes of inflammatory myocardial
disease, early diagnosis and treatment significantly improve prognosis. The
diagnostic gold standard is still the endomyocardial biopsy (EMB).

5.1 Biopsy Technique

An EMB is mainly performed via the internal jugular or, less frequently, sub-
clavian vein, although the advent of long, flexible bioptome devices permits a
femoral venous approach with similar efficacy. An LV biopsy is rarely per-
formed, but can be obtained via an arterial approach, and is indicated in the case
of suspected cardiac sarcoidosis or myocarditis with primary LV involvement
(Ardehali et al., 2005). It can be performed using disposable or reusable bio-
ptomes (Figs. 9.8 and 9.9). Monitoring should include electrocardiographic
rhythm, blood pressure, and pulse oximetry. The most widely used devices for
the internal jugular vein approach are the stiff-shafted Caves-Schulz Stanford
bioptome and the floppy-shafted King bioptome. EMB usually is performed
safely under fluoroscopic guidance, but echocardiographic guidance can help
visualize the biopsy location, which is important to confirm that the same site is
not repeatedly biopsied (Copeland et al., 1984; Miller et al., 1988).

FIGURE 9.8 Cordis disposable bioptome. Forceps jaws (arrow).
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First of all, a 7e9F sheath is introduced using Seldinger technique. Then a
7e9F bioptome is advanced to reach the right atrium and then, using counter-
clockwise rotation, the right ventricle through the tricuspid valve. The
presence of ventricular premature beats and the absence of further advance
indicates that the bioptome has reached the myocardium. The bioptome is then
withdrawn slightly from the endocardium and the forceps jaws are opened,
after which the bioptome is readvanced to the endocardium and the forceps are
closed. Slight traction is felt when the device is removed. Because the right
ventricular free wall is thin, obtaining biopsy specimens from this area is
dangerous; consequently, biopsy samples should be taken from the interven-
tricular septum (Ardehali et al., 2005). Between four and six samples should
be taken for pathological analysis.

5.2 Complications

All decisions regarding an EMB should consider the complications associated
with the procedure. The risks include myocardial perforation with pericardial
tamponade, arrhythmias, heart block, pneumothorax, arterial puncture,
pulmonary embolization, nerve block or injury, hematoma, damage to the
tricuspid valve, the creation of an arteriovenous fistula, and deep venous
thrombosis. The reported complication rates vary from <1% to as much as 6%
(Yilmaz et al., 2010; Chimenti and Frustaci, 2013). The overall safety of EMB
was validated in a series of nearly 6800 patients (Sekiguchi and Take, 1980):
the incidence of complications was 1.2%, with perforation occurring in 0.42%
and death in 0.03% of cases. Myocardial perforation can usually be managed
conservatively with careful clinical and echocardiographic monitoring,
although pericardiocentesis and/or thoracotomy may be required in rare cases.

FIGURE 9.9 Stanford Caves-Shulz reusable bioptome.
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6. CONCLUSION

CV complications are rather frequent in patients with SADs and may signif-
icantly increase mortality and morbidity. These invasive and noninvasive
techniques are reliable means for screening, diagnosing, and following up CV
manifestations in this complex group of patients. All these tools must be used
keeping in mind the probability to obtain significant clinical information,
balancing the usefulness and the potential procedural risks, particularly when
radiological or invasive procedures are planned.
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Chapter 10

Cardiac Diseases in
Rheumatoid Arthritis

R. Agca, M. Heslinga and M. Nurmohamed
Amsterdam Rheumatology and Immunology Center and Reade, Amsterdam, The Netherlands

Key Points

l Rheumatoid arthritis (RA) is a chronic systemic autoinflammatory disorder
that is associated with an increased cardiovascular (CV) morbidity and
mortality, mainly caused by atherosclerotic disease, but nonatherosclerotic
traditional rheumatic heart disease also contributes.

l In patients with RA, traditional risk factors for cardiovascular disease
(CVD) are more often present.

l Inflammation substantially contributes to the increased CV risk, indepen-
dent of traditional CV risk factors.

l Awareness of the heightened CV risk and timely initiation of CV risk
management, next to optimal control of inflammation with antiin-
flammatory therapy, is necessary to reduce the occurrence of CVD in
patients with RA.

l CV risk assessment should be performed regularly in these patients
according to existing recommendations for prevention and management of
CVD in the general population and in patients with inflammatory joint
disorders.

1. INTRODUCTION

1.1 Rheumatoid Arthritis

Rheumatoid arthritis (RA) is the prototype systemic autoimmune disease. It
affects approximately 1% of the general population worldwide (Gabriel and
Michaud, 2009). The prevalence varies across different populations and
increases with age. Disease onset is typically in the fourth, fifth, or sixth
decade of life, with a predominance in women (i.e., female to male ratio
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2e3:1). RA is characterized by a chronic symmetric inflammation of synovial
joints leading to severe pain, major disability, and premature death. The
systemic inflammation of RA can involve extraarticular tissues including the
skin, bowels, lungs, kidneys, nervous system, and also the cardiovascular
system (Gabriel and Michaud, 2009). The etiology of RA is unknown. The
interplay between several genetic and environmental risk factors is suggested
to play a role in susceptibility, development, and progression of this disease
(Symmons, 2002). It is suggested that the incidence and severity of RA has
declined over the past few decades (Doran et al., 2002; Silman, 2002), but
some studies report an increased incidence and prevalence in women in the last
decennium (Cross et al., 2014; Myasoedova et al., 2010). Possible explana-
tions are the use of new-generation oral contraceptives with lower doses of
synthetic estrogen, a slower decline of smoking rate in women and vitamin D
deficiency (Myasoedova et al., 2010). Early and optimal antiinflammatory
therapy is expected to decrease the extraarticular effects of RA. Nonetheless,
mortality rates remain high and cardiovascular disease (CVD) is thought to be
one of the major contributing factors.

1.2 Mortality in Rheumatoid Arthritis

RA is associated with progressive joint damage, functional disability,
increased mortality rates, and decreased quality of life. The majority of
studies from around the world report increased standardized mortality ratios
(SMRs) in RA ranging from 0.9 to 2.7 in comparison with the general
population (Table 10.1). A large proportion of these deaths is attributable to
CVD (Solomon et al., 2003; Sparks et al., 2015; Turesson et al., 2004). A
recent metaanalysis of 14 observational cohort studies showed a relative risk
of 1.48 (95% CI 1.36e1.62) for a first ever cardiovascular (CV) event in RA
patients, predominantly caused by an increased risk of myocardial infarction
(MI), cerebrovascular accidents (CVA), and congestive heart failure (CHF)
(Avina-Zubieta et al., 2012). A small proportion of RA patients dies of other
causes, such as pulmonary disease, infection, renal disease, gastrointestinal
disorders, lymphoproliferative disorders, and lung cancer (Naz and
Symmons, 2007) more frequently than the general population. Some studies
suggest that the disease course of RA has become milder in recent years as a
result of advances in (earlier) therapeutic treatment, but CVD-related mor-
tality has remained equally elevated over the past 5 decades (Meune et al.,
2009). Cardiac involvement in RA can be of atherosclerotic or non-
atherosclerotic origin (Fig. 10.1). As both types of CVD have clinical im-
plications for these patients, an understanding and awareness of these
extraarticular manifestations of RA is vital for clinicians to timely initiate CV
risk management in these patients in daily clinical practice. In this chapter, an
overview of the recent literature regarding both atherosclerotic and non-
atherosclerotic cardiovascular manifestations of RA will be presented.
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TABLE 10.1 Mortality Studies in Rheumatoid Arthritis

Study/Reference Inclusion Period n SMR CV Mortality

England et al. (2016)/England
et al. (2015)

2003e2013 1652 (men) 1.97 Excess CV death

Sparks et al. (2015) 1976 e2012 964 (women) 1.40 Excess CV death

Humphreys et al. (2014) 1990e2011 2517 1.22 (overall) Excess CV death in antibody-
positive subgroup

1.39 (antibody-positives)

Kuo et al. (2013) 2002e2007 15,967 1.25 No excess CVD deaths

Lassere et al. (2012)/Lassere et al.
(2013)

1990e1994 608 1.65 Excess CV death

Gonzalez et al. (2007) 1955e1995 822 1.35 Not reported

Young et al. (2006)/Young et al.
(2007)

1986e2004 1429 1.27 Excess CV death

Goodson et al. (2005) 1981e2002 1010 1.45 (males) Excess CV death

1.84 (females)

Pincus et al. (2004) 1985e1995 1378 1.6 Not reported

Thomas et al. (2003) 1981e2000 33,318 2.07 (males) Excess CV death

1.97 (females)

Gabriel et al. (2003) 1955e1994 609 1.27 Not reported

Wolfe et al. (2003) (Stanford) 1965e1990 886 3.08 Excess CVD deaths

Mikuls et al. (2002) 1986e1997 158 1.52a Excess CVD deaths

Peltomaa et al. (2002) 1986e1989 87 0.93 No excess CVD deaths
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TABLE 10.1 Mortality Studies in Rheumatoid Arthritisdcont’d

Study/Reference Inclusion Period n SMR CV Mortality

Bjornadal et al. (2002) 1964e1995 46,917 2.03 Excess CVD deaths

Riise et al. (2001) 1978e1982 187 2.0 No excess CVD deaths

Chehata et al. (2001) 1981e1985 309 1.65 Not reported

Martinez et al. (2001) 1989e1998 182 1.85 Excess CV death

Kroot et al. (2000)/Kroot et al.
(2001)

1985e1997 622 No increased mortality No excess CVD deaths

Kvalvik et al. (2000) 1977 147 1.49 Excess CV deaths in females

Lindqvist and Eberhardt (1999) 1985e1989 183 0.87 No excess CVD deaths

Sokka et al. (1999) 1983e1989 135 1.28 No excess CVD deaths

Symmons et al. (1998) 1968e1974 448 2.7 Excess CVD deaths

Wållberg-Jonsson et al. (1997) 1979 606 1.57 Excess CVD deaths

Callahan et al. (1996) 1980e1990 1384 1.54 Not reported

Wolfe et al. (1994) (Santa Clara) 1978e1979 305 2.18 Excess CVD deaths

Wolfe et al. (1994) (Saskatoon) 1966e1974 905 2.24 Excess CVD deaths

Wolfe et al. (1994) (Wichita) 1973e1990 1405 1.98 Excess CVD deaths

Jacobsson et al. (1993) 1965e1989 2979 1.28 Excess CVD deaths

van Schaardenburg et al. (1993) 1980e1986 130 1.69 Excess CVD deaths

Reilly et al. (1990) 1957e1963 100 1.4 Excess CVD deaths

aRelative risk of mortality is described in this study instead of SMR.
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2. ATHEROSCLEROTIC CARDIOVASCULAR DISEASE IN
RHEUMATOID ARTHRITIS

2.1 Introduction

In the last decade inflammation has been linked to atherogenesis and the
development of atherosclerotic lesions (Blake and Ridker, 2001). Nowadays,
atherosclerosis itself is regarded as an inflammatory process with inflamma-
tory cells involved in all its stages (Libby et al., 2002; Ross, 1999). In this
section a literature overview will be presented of atherosclerotic cardiovas-
cular disease in RA. The role of traditional and novel CV risk factors and the
inflammation inherent to RA will be discussed.

2.2 Epidemiology

The magnitude of the increased CV risk in RA has been investigated in several
studies. A recent metaanalysis of observational cohort studies comprising over
40,000 patients from different parts of the world showed an overall 48%
(pooled RR 1.48, 95% CI 1.36e1.62) increased risk of a first ever CV event
in RA patients, mainly caused by an increased risk of MI (pooled RR 1.68,
95% CI 1.40e2.03), CVA (pooled RR 1.41, 95% CI 1.14e1.74), and CHF
(pooled RR 1.87, 95% CI 1.47e2.39) (Avina-Zubieta et al., 2012). In this
metaanalysis, RA patients had a higher risk of MI (overall 68%) than stroke
(overall 41%) when compared to the general population, while there are also
studies that report a nonsignificant trend for an increased stroke risk in these
patients (Levy et al., 2008; Solomon et al., 2003; Turesson et al., 2004). Only
one study described a significant increased risk of CHF in RA patients when
compared to controls, most evident in rheumatoid-factor positive patients
(Nicola et al., 2005). Heterogeneity was statistically significant for the
included studies in this metaanalysis, with no statistically significant increased
risk of CVD in the included inception cohorts, most probably due to a shorter
RA duration, less severe disease, and a shorter follow-up. A prospective Dutch
study from 2009 also demonstrated a two-fold increased risk of CV events in
RA independent of traditional CV risk factors (Peters et al., 2009). The CV
risk was equal to that in diabetes mellitus (DM) type 2 (Peters et al., 2009).
Similar results were found in a Danish nationwide study in 2011 (Lindhardsen
et al., 2011). Several studies suggest that the disease course of RA has become
milder in recent years as a result of developments in therapeutic strategies, but
CVD-related mortality has remained high in RA patients when compared to
the general population (Meune et al., 2009; Widdifield et al., 2015). Under-
recognition and undertreatment of CV risk factors or a lack of optimal disease
control by medication might be the reason for this. Another plausible expla-
nation is that the favorable effects of antiinflammatory therapy on CV risk
may only be evident after decades of treatment. It is presumed that control of
inflammation with optimal antirheumatic therapy should reduce CV risk in
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these patient. Recently published cohort studies with extended follow-up
investigating incident CVD are lacking. There is a need for continuous
high-quality large population-based studies on CV morbidity and mortality in
RA patients over time to investigate the prevalence/incidence of CVD in RA.

2.3 Etiology of Ischaemic Heart Disease in Rheumatoid
Arthritis

The development of CVD is associated with several risk factors in the general
population (Dawber, 1980). These risk factors are shown in Table 10.2. The
conventional CV risk factors are more often present in patients with RA, but
cannot fully explain the excess morbidity and mortality found in RA pop-
ulations. The chronic inflammation inherent to RA is suggested to play an
important role in the development and progression of atherosclerosis and
might explain the excess CV risk in these patients. In addition, some novel risk
factors have been associated to CVD development in recent years.

2.3.1 Traditional Cardiovascular Risk Factors

Traditional risk factors for CVD (Table 10.2) are more often present in patients
with RA (Peters et al., 2009). These modifiable and nonmodifiable risk factors

FIGURE 10.1 Factors contributing to cardiovascular diseases in rheumatoid arthritis.
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contribute to the excess CV risk in RA, but for some risk factors this contri-
bution is different than in the general population. In this section, we discuss the
effects of these risk factors in RA.

2.3.1.1 Hypertension

A cross-sectional study of 400 second-care patients with RA identified
hypertension in 70.5% of these patients, but only 60.6% were receiving
antihypertensive therapy (Panoulas et al., 2007). Most of them had suboptimal
blood pressure control and hypertension was undiagnosed and untreated in the
remaining 39.6%. The international COMORA study reported a hypertension
prevalence of 40.4% in RA patients, but there was no control group in this
study (Dougados et al., 2014). A metaanalysis from 2011 reported no signifi-
cant difference in blood pressure between RA patients and the general
population (Boyer et al., 2011). However, some studies published after this
metaanalysis did report an increased prevalence of hypertension in patients
with RA (Protogerou et al., 2013; van Halm et al., 2009). This disparity in study
results might be due to underrecognition and undertreatment of hypertension in
patients with RA, or due to differences in the definition of hypertension (Boyer
et al., 2011; Gonzalez et al., 2008; Panoulas et al., 2007). A possible
explanation for an elevated blood pressure in RA might be the use of certain
antiinflammatory agents, such as corticosteroids and nonsteroidal antiin-
flammatory drugs (NSAIDs). Also, inflammatory cells involved in the etiology
of RA itself might cause endothelial dysfunction and peripheral vascular
resistance (Wong et al., 2003). Currently, there is some evidence suggesting
that certain antirheumatic agents, such as TNF-a inhibitors (TNFi) can have
positive effect on blood pressure in these patients (Sandoo et al., 2011a).

TABLE 10.2 Traditional Risk Factors for Cardiovascu-

lar Diseases

Nonmodifiable Age

(male) Gender

Family history of CVD

Modifiable Smoking

Physical inactivity

Obesity

Hypertension

Dyslipidemia

Insulin resistance/diabetes mellitus
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2.3.1.2 Smoking

Smoking is acknowledged as a risk factor for CVD development. This risk is
dose and duration dependent without a lower limit for detrimental effects in
the general population (Perk et al., 2012). It is suggested that smoking
increases CV risk by affecting endothelial function, platelet function, and
vasomotor function through reactive oxygen species triggering inflammatory
processes in the arterial wall (Perk et al., 2012). Any type of smoking is a risk
factor for the development of RA (Costenbader et al., 2006; Sugiyama et al.,
2010; Wolfe, 2000) and the amount of duration seems to be associated with
severity (Saag et al., 1997). Smoking is more prevalent in RA patients
compared to controls (Boyer et al., 2011; Solomon et al., 2003; Stolt et al.,
2003). However, the contribution of smoking to CV risk in RA is less well-
established (Gonzalez et al., 2008). Smoking is associated with RA-related
factors that are associated with CV outcomes themselves, such as rheuma-
toid factor (RF) and anti-citrullinated protein anibody (ACPA) positivity
(Klareskog et al., 2011; Wolfe, 2000), rheumatoid nodules (Wolfe, 2000),
response to TNFi (Abhishek et al., 2010; Hyrich et al., 2006), and rheumatoid
cachexia (Stavropoulos-Kalinoglou et al., 2008). These interactions make it
difficult to determine the exact contribution of smoking to CV risk in RA.

2.3.1.3 Lipids

In the general population high serum levels of total cholesterol (TC), low-
density lipoprotein cholesterol (LDLc), and triglycerides (TG) and low
serum levels of high-density lipoprotein cholesterol (HDLc) are associated
with an increased CV risk. RA patients with active disease have low TC and
LDLc levels, while their CV risk is increased (Boyer et al., 2012; Myasoedova
et al., 2011). Simultaneously, HDLc decreases during disease flares in these
patients, with possible negative effects of inflammation on the antiatherogenic
properties of HDLc and LDLc (Boyer et al., 2012). This proatherogenic
change in lipids might be a possible explanation of the increased CV risk in
these patients. In addition, certain lipid particles are capable of influencing
inflammatory pathways; for example, HDLc is able to intervene in the inter-
action between T-cell lymphocytes and macrophages. Thus, in certain
circumstances HDLc becomes a modifier of inflammation (Burger and Dayer,
2002). Antirheumatic therapy decreases inflammation and generally normal-
izes the lipid profile in RA. HDLc levels generally improve with treatment
(Navarro-Millan et al., 2013), but LDLc and TC levels generally also increase
in serum. However, it is unlikely that the increase in TC and LDLc levels after
antiinflammatory treatment translates into an increased CV risk in these
patients due to a concomitant increase of HDLc. This increase in lipids is thus
a reflection of a good response to therapy. Moreover, HDL efflux function may
improve with antiinflammatory therapy even in the absence of quantitative
changes in lipids. Still, the clinical relevance of short-term changes in lipid
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particles protein content on CV outcomes remains to be determined. Dysli-
pidemia can effectively be treated with statins to reduce CV risk in RA equal
to the general population (Rollefstad et al., 2015; Schoenfeld et al., 2015). In
addition, statins have antiinflammatory effects and may reduce CV risk even
further in RA when combined with antirheumatic therapy (Maki-Petaja et al.,
2007). Another important issue to acknowledge is that the earlier mentioned
changes in lipids in active RA could lead to a possible underestimation of CV
risk in these patients. Thus, lipid levels should be assessed in periods of
remission and if that is not possible when the disease activity is low or stable.
If this is also not possible, the total cholesterol HDLc ratio is recommended for
CV-risk estimation as this is a more stable lipid marker under inflammatory
conditions (Peters et al., 2010b; Toms et al., 2011). The TC/HDLc ratio cor-
relates better with C-reactive protein levels and the subsequent CV event risk
in comparison to TC or HDLc alone (Peters et al., 2010b; Toms et al., 2011).

2.3.1.4 Insulin Resistance and Diabetes Mellitus

Insulin resistance (IR) is increased in RA when compared to the general
population and associated with elevated serum levels of C-reactive protein
(CRP), erythrocyte sedimentation rate (ESR), interleukin-6, and tumor
necrosis factor a (Liao and Solomon, 2013). However, data regarding the
prevalence of type 2 DM in RA are conflicting. It is not clear whether DM and
RA are associated in a pathophysiological way. The association of both IR and
DM with CV risk in RA appears to be similar to that in the general population
(Baghdadi et al., 2015).

2.3.1.5 Physical Activity

Patients with RA are more physically inactive on average when compared to
controls and this is associated with an increased CV risk (van den Berg et al.,
2007). Exercise reduces CV risk in the general population, possibly through
reduction of inflammation. One study described beneficial effects of exercise
on serum CRP levels in the general population (Ford, 2002). Although there
are not many studies investigating the effects of exercise on CV risk in RA, it
is presumable that exercise might also have beneficial effects on the CV risk in
these patients. There is no evidence that the effects of exercise would differ in
patients with RA when compared to the general population. A recent study
indeed shows beneficial effects of exercise therapy on vascular function,
cardiorespiratory fitness, and CV risk in RA (Stavropoulos-Kalinoglou et al.,
2013).

2.3.1.6 Body Weight and Composition

It is unclear whether body mass index (BMI) differs between patients with RA
and the general population. A high BMI is associated with an increased CV
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risk. In the same manner, a low BMI is also associated with an increased CV
risk in RA (van Halm et al., 2009). Patients with RA have more body fat for a
given BMI when compared to controls (Giles et al., 2010). In active RA, lean
body mass or muscle mass is commonly lost while fat mass is preserved or
increased (Summers et al., 2010). This is also known as rheumatoid cachexia.
One study in patients with RAwith active disease reported lower BMI and fat-
free mass in patients with disease flares when compared to healthy controls,
which disappeared after treatment (Binymin et al., 2011). In most patients with
RA the BMI remains stable over the course of the disease while fat-free mass
is lost and fat mass is increased. Therefore, BMI may not give an accurate
assessment of the CV risk in these patients. Restoring lean body mass in these
patients has been shown to be possible with high-intensity resistance training
and this has beneficial effects on the CV risk (Lemmey et al., 2009).

2.3.2 Other Cardiovascular Risk Factors

Several other risk factors have been associated with CVD risk in recent years
such as high-sensitivity CRP, fibrinogen, homocysteine, and lipoprotein-
associated phospholipase. Although these risk markers have shown to be
independently associated with CV risk, they have only limited additional value
when they are added to CV risk assessment tools such as the SCORE
algorithm (Perk et al., 2012) together with high costs in general. The most
recent European Cardiology guideline for CVD prevention in clinical practice
advises to use these biomarkers only for refined risk assessment in patients
with an unusual or moderate CV risk.

Next to these biomarkers of CVD, thyroid disease has been identified as
another contributor to CV risk. Autoimmune hypothyroidism is a common
disease with an estimated prevalence of up to 2% in the general population
(Canaris et al., 2000; Vanderpump et al., 1995). The prevalence of
hypothyroidism is increased in RA (Raterman et al., 2012). Autoimmune
hypothyroidism and RA often coexist and this has been associated with an
increased CV risk in females compared to euthyroid RA females (Raterman
et al., 2008). Hypothyroidism and inflammatory arthritis are independently
associated with an elevated CV risk and this CV risk is amplified in patients
when both rheumatoid arthritis and hypothyroidism are present (Raterman
et al., 2012). This might be due to detrimental effects of inflammation on
endothelial function, leading to oxidative stress and accelerated atheroscle-
rosis. Assessment of thyroid function and consequent treatment of thyroid
disorders might improve CV risk in patients with RA.

Another new area of interest is that of lipidomics. Hyperlipidemia is a
well-recognized risk factor for CVD in the general population. In RA, the
“classic” hyperlipidaemic phenotype is rarely observed. Therefore, other lipid
measurements such as HDL lipid and protein composition and HDL size
distribution but also measurements of HDL functionality reflected by the
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capacity to efflux cholesterol from different tissue depots might be a better
reflection of the pro- or antiatherogenic status of these molecules, leading to
an improved risk assessment in RA populations. Lipoproteins comprise a
continuum of particles that have different sizes, densities, and apolipoprotein
and lipid composition. The distribution of these subfractions differs between
individuals, even if their conventional lipid profiles (i.e., TC, HDLc and
LDLc levels) are similar and this might translate into different cardiovascular
risk profiles. For example, reduced levels of large HDL2 subfractions are
thought to be associated with CVD. HDLc is known for its atheroprotective
properties, which rely directly on its capacity to promote cholesterol transport
from the peripheral tissues, including macrophages, to the liver for excretion
into the faeces via the bile. Recently, the capacity of HDLc to efflux
cholesterol has been linked to CV risk. Additionally, a cross-sectional study
evaluated HDLc function in the context of disease activity in RA and found
that RA patients with a high level of disease activity had impaired HDL efflux
(Charles-Schoeman et al., 2012). The most prominent difference is the
presence of SAA on HDL, which interferes with normal efflux capacity.
Contemplating these results, it has been proposed that HDL efflux capacity
might be a good marker for CVD prediction, especially in RA.

2.4 Inflammation and Cardiovascular Disease in Rheumatoid
Arthritis

Traditional CV risk factors are important contributors to the CV risk in RA
patients. Despite this fact, adjustment for these risk factors still results in an
increased absolute CV risk in patients with RA when compared to the general
population (Gonzalez et al., 2008). The increased CV morbidity and mortality
found in RA cannot be explained by traditional CV risk factors alone. Indeed,
a study from 2009 demonstrated that RA is associated with an increased risk of
CV events, independent of traditional risk factors (Peters et al., 2009). A
plausible explanation is the inflammatory pathogenesis of both RA and
atherosclerosis. Atherosclerosis is regarded as an inflammatory process, with
inflammatory cells involved in all its stages (Libby et al., 2002; Ross, 1999).
The mechanisms behind formation, progression, instability, and rupture of an
atherosclerotic plaque resemble the mechanisms behind the development of
synovitis. High-grade systemic inflammation appears central to the CV risk in
patients with RA (Sattar et al., 2003) and a higher inflammatory burden with
an increased number of disease flares has been associated with an increased
CV risk in patients with RA (Myasoedova et al., 2016). Chronic inflammation
enhances endothelial dysfunction and induces maladaptive remodeling of the
vascular wall, resulting in plaque instability and rupture (van Sijl et al., 2012).
The link between inflammation and atherosclerosis was first established in the
general population where CRP levels are associated with CV risk (Kaptoge
et al., 2010). In RA patients, markers of active inflammation, including levels
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of CRP, erythrocyte sedimentation rates, number of involved joints and disease
activity scores, as well as disease severity or cumulative inflammation
(estimated by radio-graphic scores), have all been linked to cardiovascular risk
(Kremers et al., 2008; Liang et al., 2009; Maradit-Kremers et al., 2007; Rho
et al., 2009). The endothelium plays a central role in vascular function by
producing vasoactive factors and regulating interactions between the vessel
wall and circulating blood cells and homeostasis. In this respect nitric oxide is
one of the most important mediators, and its regulation can be disrupted by
inflammation (Lerman and Zeiher, 2005). Studies assessing peripheral
vascular function and morphology, which correlate with coronary circulation,
showed that both vascular function and morphology are altered in patients with
RA (Sandoo et al., 2011b). Not only blood vessel function can be affected in
RA, the composition of the atherosclerotic plaque also has a role in the
incidence of cardiovascular disease in patients with RA. In patients with RA
coronary plaques are more frequent, more severe, and more prone to rupture
(Karpouzas et al., 2014). Higher rheumatic disease activity is associated with
increased plaque vulnerability (Semb et al., 2013). Additionally, patients with
RA have worse outcomes after acute coronary syndrome, with increased and
earlier recurrence of MI and an increased risk of death (Douglas et al., 2006).
These histological features of coronary artery disease in patients with RA
suggest that the mechanisms responsible for cardiovascular morbidity and
mortality are different in patients with RA compared with the general
population.

Another possible link between inflammation and increased risk of car-
diovascular disease is a hypercoagulable state, as the immune and coagulation
systems are linked: inflammation can lead to activation of coagulation, but
coagulation also considerably affects the inflammatory activity (Zoller et al.,
2012). The inflammatory cytokine network induces several prothrombotic
conditions like insulin resistance, dyslipidaemia, endothelial dysfunction,
activation of the extrinsic coagulation system, and the impairment of the
fibrinolytic pathway. In addition, the inflammatory response is augmented and
perpetuated by these alterations in coagulation. This two-way reciprocity has
been established in several pathologic conditions, including atherosclerosis.
Previous studies have reported several blood parameters reflecting a
protrombotic state in RA (Beinsberger et al., 2014). These include platelet
mass, markers of platelet activation, markers of inflammation and leukocyte
activation, and markers of coagulation and fibrinolysis. In normal hemostasis,
the vessel-wall prevents adhesion of platelets and leukocytes to the endothe-
lium by the production of inhibitory mediators and the absence of cellular
adhesion molecules (Versteeg et al., 2013). Inflammation causes damage to the
vessel wall, exposing the subendothelial collagen and tissue factor, leading to
platelet activation and formation of fibrin, which leads to formation of a
thrombus. Platelets are considered important mediators in the process of
vascular inflammation and atherosclerosis, as they interact with leukocytes by
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producing a range of thrombotic and inflammatory molecules; the adhesion
and aggregation of platelets play a central role in the development of MI after
plaque rupture. Increased platelet mass is associated with cardiovascular
disease, and several studies have shown an increased platelet count in patients
with RA. In RA patients with active disease, enhanced expression of
expression platelet activation markers (i.e., platelet aggregation, activation of
integrin aIIbb3, and increased expression of CD63 and P-selectin) had been
reported, as well as elevated markers of thrombin generation and fibrin turn-
over (Beinsberger et al., 2014). Elevated plasma levels of fibrinogen, von
Willebrand factor, thrombin generation markers such as thrombin-
antithrombin complexes, prothrombin fragments 1 þ 2 (F1þ2), tissue plas-
minogen activator, plasminogen activator inhibitor-1, and D-dimer have been
demonstrated in RA patients. Increased antithrombin levels accompanied by
attenuated fibrinolysis have also been reported in RA. In conclusion, RA can
be considered as a prothrombotic state, which explains partly why patients
with RA are at an increased risk of thromboembolic cardiovascular events
(Chung et al., 2014).

2.5 Cardiovascular Risk Assessment in Rheumatoid Arthritis

The CV risk is elevated in patients with RA compared to the general popu-
lation due to both traditional CV risk factors as well as the detrimental effects
of chronic inflammation. The CV risk is even comparable to the risk excess
found in patients with type 2 DM. This necessitates implementation of optimal
CV risk assessment and management methods as part of routine usual care in
these patients. The European League Against Rheumatism (EULAR)
convened a task force in 2009 to critically appraise the existing literature on
CV risk in inflammatory joint disorders, including RA, and to formulate CV
risk management recommendations for these patients (Peters et al., 2010a).
The key elements of CV risk management in RA are the identification of CV
risk factors, determining a 10-year risk with available CV risk algorithms such
as the SCORE (Conroy et al., 2003) or Framingham (D’Agostino, Sr. et al.,
2008) prompt treatment of modifiable risk factors for CVD when the calcu-
lated CV risk exceeds a certain value and optimal reduction of RA disease
activity. CV risk estimation in RA should be done according to existing
guidelines, such as the ESC guideline for CVD prevention in clinical practice
(Perk et al., 2012). This guideline describes the use of earlier-mentioned risk
algorithm SCORE for the calculation of a first ever CV event in the general
population. The SCORE algorithm includes age, gender, smoking status, blood
pressure, and total cholesterol or TC/HDLc ratio (Perk et al., 2012). However,
these commonly used risk estimation tools for the general population usually
produce an inaccurate estimation of CV risk in patients with RA (Arts et al.,
2015a; Gomez-Vaquero et al., 2013). Therefore, in 2009 the EULAR task
force recommended a multiplication factor of 1.5 when using existing risk
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estimation algorithms for patients with RA. This recommendation was based
on the available literature at that time (Peters et al., 2010a). It was argued that
this multiplication factor also did not accurately reclassify patients into more
appropriate risk categories, but alternative methods have not produced better
estimations of the CV risk in these patients (Corrales et al., 2013; Gomez-
Vaquero et al., 2013). Therefore, with the lack of superior prediction models
for this population, the most evidence-based method of calculating the CV risk
in these patients is the use of a multiplication factor of 1.5. There is still a lack
of validated RA-specific CV risk algorithms with a proven efficacy.

There are some issues with risk assessment in patients with active disease
or a disease flare as some risk factors are influenced by inflammation as well as
antiinflammatory therapy. Therefore, risk estimation during active disease
produces distorted results. Lipid measurements, for example should ideally be
performed during disease remission or low disease activity. When this is not
possible, the TC/HDLc ratio is the best parameter for CV risk estimation in
these patients. During periods of high-grade inflammation this value is the
most stable and it has a better correlation with CRP levels than TC or HDLc
individually (Peters et al., 2010b; Toms et al., 2011). Also, risk assessment
should be repeated after major changes in antirheumatic therapy as this
influences both CV risk and CV risk factors.

2.5.1 Added Value of Novel Biomarkers and Imaging

Several novel and RA specific disease markers, such as ACPA and RF posi-
tivity, functional disability, and severe extraarticular manifestations have been
associated with CVD risk (Cambridge et al., 2013; Goodson et al., 2002;
Heliovaara et al., 1995; Radovits et al., 2010), but their additional value to
existing risk estimation models remains to be determined. In a large registry
study consisting of 10,156 RA patients with established disease with a median
follow-up of 22 months markers of RA disease severity did not improve the
predictive value of CV risk estimation tools (Solomon et al., 2010). Also,
adding new risk factors to the SCORE algorithm did not improve the
predictive capacity for patients with RA (Arts et al., 2015b). The QRISK2, a
CV risk assessment calculator for the general population, does include RA as
an independent risk factor, but tends to overestimate the CV risk in RA (Arts
et al., 2015a). The Reynolds risk score has CRP levels incorporated in the
algorithm (Ridker et al., 2007), but it is not clear whether the CRP levels of
patients with coexistent RA can be incorporated and regarded as a prognostic
marker in the same way as in the general population.

Several imaging modalities are available for the detection of coronary
artery disease (CAD) in symptomatic patients. The performance of these tests
depends on the clinicians pretest estimates of disease, the pretest probability
(PTP), which is influenced by the prevalence of the disease in a certain pop-
ulation and the clinical features of the patient (Montalescot et al., 2013). The
post-test probability will be the most accurate when this method is used for an
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individual patient. The presence of coronary atherosclerosis in symptomatic
patients can be objectified by the use of invasive techniques like the invasive
coronary angiography (golden standard) and noninvasive techniques such as
exercise electrocardiogram testing, stress echocardiography, or radionuclide
scintigraphy (Montalescot et al., 2013). In patients with a low PTP for CAD,
other causes for the complaints should be investigated. Patients with symptoms
of unstable angina or a high PTP of disease have established disease and
should be treated accordingly. In patients with an intermediate or moderate
PTP for CAD noninvasive testing is useful to establish whether CAD is sig-
nificant or nonsignificant. In addition to the earlier-mentioned modalities that
are used in standard care, several other tests are available for this purpose.

Magnetic resonance imaging is a promising tool for detecting coronary
atherosclerosis, but the sensitivity and specificity of this technique is still not
high enough for screening. Calcification in the coronary arteries as an indi-
cation of atherosclerosis can also be measured by means of a coronary calcium
score (CAC-score) detected on a computed tomography scan. However, a
CAC-score gives an indication of neither the stability of an atherosclerotic
plaque nor the degree of stenosis in the diseased artery, as the specificity for
the presence of a >50% stenosis is only 50%. The CAC-score does have a very
high negative predictive value, thus a low CAC-score rules out significant
CAD. However, it is possible to have a significant stenosis in the absence of
calcifications in the coronary arteries, especially in unstable angina or non-ST
elevation MI and in younger patients. Arterial disease can also be detected by a
carotid ultrasound. Severe atherosclerosis in one arterial territory has been
associated with atherosclerosis in other arteries in the general population
(O’Leary et al., 1999). With carotid ultrasound the intima-media thickness
(IMT) of the carotid artery can be measured and significant atherosclerosis
could be detected early in seemingly healthy individuals. An increased IMT is
associated with CV risk and value of 0.9 mm is considered as abnormal (Perk
et al., 2012). RA patients with bilateral carotid plaques have an increased risk
of a future acute coronary syndrome (4.3 per 100 person years, 95% CI
2.9e6.3) when compared to RA patients without carotid plaques (1.1 per 100
person years, 95% CI 0.6e1.7) (Ajeganova et al., 2012; Evans et al., 2011).
Carotid artery disease is considered to be equivalent to CAD and lipid
lowering therapy is recommended (Perk et al., 2012). In addition, carotid
ultrasound has been shown to reclassify a considerable proportion of patients
with RA into a more appropriate CV risk category (Corrales et al., 2014; Perk
et al., 2012). However, screening for carotid plaques is currently not routinely
recommended for patients with RA.

2.6 Treatment

There is increasing evidence that cumulative disease activity as well as the
number of disease flares over time contribute to CV risk in RA (Myasoedova
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et al., 2016; Zhang et al., 2014). In addition, both inflammation and anti-
rheumatic therapy modify certain CV risk factors. In this section, we will
discuss antiinflammatory therapy and its influence on CV risk and CV risk
factors in patients with RA.

2.6.1 Antiinflammatory Therapy and Cardiovascular Risk

Antirheumatic therapy of RA starts with disease-modifying antirheumatic
drugs (DMARDs). These medications are capable of reducing disease
symptoms by interfering with the systemic inflammatory process in RA.
Several types of DMARDs are used in the treatment of RA, including
conventional synthetic DMARDs (csDMARDs), targeted synthetic
DMARDs (tsDMARDs), and biological DMARDs (bDMARDs). An over-
view of DMARDs is presented in Table 10.3. Antiinflammatory therapy
starts with csDMARDs, usually with methotrexate alone or combined with
sulfasalazine or hydroxychloroquine or (bridging) glucocorticosteroids. If

TABLE 10.3 Medications Used in the Treatment of Rheumatoid Arthritis

Group Examples

NSAIDs Diclofenac

Ibuprofen

Naproxen

Meloxicam

Nabumetone

Celecoxib

Etoricoxib

Conventional synthetic DMARDs Methotrexate

Hydroxychloroquine

Sulfasalazine

Leflunomide

Tumor necrosis factor alpha inhibitors* Infliximab (i.v)

Etanercept

Adalimumab

Golimumab
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within 6 months remission according to the ACR-EULAR criteria is not
achieved (Smolen et al., 2014), a different csDMARD combination is tried
or bDMARDs, generally TNFi, are initiated. Proper randomized clinical
trials on CVoutcomes have not yet been published in RA patients groups but
observational studies have shown beneficial effects of csDMARDs and TNFi
on lipid profile, insulin resistance, metabolic syndrome, and IMT in patients
with RA (Ristic et al., 2010). Treatment with csDMARDs and TNFi
generally increases all lipid components in the serum (i.e., TC, HDLc,
LDLc, TG), but predominantly HDLc. This results in a beneficial TC/HDLc-
ratio (Peters et al., 2007). Treatment with tocilizumab and tofacitinib may
cause sustained elevations of lipids, probably die to interleukin-6 inhibition,
which can be reduced effectively with statin therapy (Souto et al., 2015).
Glucocorticosteroids are known to rapidly and effectively reduce the
inflammation of RA, but they are known to induce side-effects like impaired
glucose tolerance, dyslipidaemia, obesity, and hypertension. Indeed, studies
have described a dose-dependent increase in CV risk with corticosteroid
therapy (Ajeganova et al., 2014; Avina-Zubieta et al., 2013; del Rincon
et al., 2014). Still, reducing high-grade inflammation in patients with RA
who have active disease may reverse this negative effect. Also, the role of
low daily doses of corticosteroids in the development of CV events is not
clear. In view of CVD prevention, the lowest dose possible should be

TABLE 10.3 Medications Used in the Treatment of Rheumatoid

Arthritisdcont’d

Group Examples

Certoluzumab pegol

T cell costimulation inhibitor* Abatacept

Anti-B cell agent* Rituximab (i.v.)

Interleukin-6 receptor blocking monoclonal
antibody*

Tocilizumab i.v. or s.c.

Interleukin-1 inhibitor* Anakinra

Targeted synthetic DMARDs Tofacitinib

Glucocorticosteroids, oral, or intraarticular Prednis(ol)on

Methylprednisolon

Triamcinolon

Dexamethason

)biological disease-modifying antirheumatic drugs (bDMARDs).
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prescribed for the shortest duration in accordance with the EULAR
recommendation on management of glucocorticoid therapy in this respect
(Duru et al., 2013). NSAIDs are also used in the treatment of some RA
symptoms. A recent metaanalysis reports that overall NSAIDs have a
negative effect on CV outcomes in patients with RA (Roubille et al., 2015),
but these results were mainly observed due to the use of rofecoxib in this
study. Rofecoxib has been withdrawn from the market in 2004. There is
some evidence that NSAIDs might have a less pronounced CV risk
increasing effect in patient with RA when compared to the general popu-
lation (Lindhardsen et al., 2013). NSAIDs have antiinflammatory properties
and they might improve physical function in patient with RA. Therefore,
they might have some beneficial effects on CV risk. Thus, NSAIDs can be
prescribed as recommended in national guidelines for the general population
in patients with RA. Generally, this means that NSAIDs should be used with
caution or that they are contraindicated in this population, may be with the
exception of naproxen. Diclofenac and ibuprofen are contraindicated in
patients with a history of CHF (NYHA class IIeIV), ischemic heart disease,
cerebrovascular disease, or peripheral arterial disease (EMA PRAC
Recommendation Diclofenac, 2013; EMA PRAC Recommendation
Ibuprofen, 2015). Some observational studies suggest that paracetamol is
associated with a dose-dependent increase in CV risk, but this needs to be
further investigated (Roberts et al., 2016). An increased intake of paracet-
amol might just be a reflection of a higher degree of pain due to the un-
derlying disease, which is the actual cause of the higher CV risk. A recent
study from 2015 suggests that proton-pump inhibitors (PPIs) might also be
associated with adverse cardiovascular outcomes, but further research is
needed to confirm this effect of PPIs (Shah et al., 2015).

2.6.2 Treatment of Cardiovascular Risk Factors and
Cardiovascular Disease in Rheumatoid Arthritis

In the general population CV risk is calculated with risk algorithms, which
estimate a 10-year risk of a first ever CV event using values like gender, age,
smoking status, blood pressure, and total cholesterol and/or other lipids.
Patients who exceed a certain threshold of CV risk and patients with estab-
lished CVD should be treated for all CV risk factors that are present according
to existing national guidelines, just like in the general population. Next to
prompt treatment of CV risk factors, reduction of inflammation by optimal
antiinflammatory therapy is necessary to reduce CV risk in these patients. The
presence of CV risk factors such as blood pressure, lipid levels, and insulin
resistance should be checked regularly. At the very least, some form of CV
screening should be done at the diagnosis of RA and it should be repeated after
major changes in antiinflammatory therapy. Also, CV risk assessment should
be performed every few years according to available guidelines on prevention
and management of CVD. Antihypertensive agents can be used as in the
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general population and there is no evidence for a preferred antihypertensive
agent in patients with RA. Statins are also as effective as in the general
population and should be used according to general population guidelines
(Rollefstad et al., 2015; Schoenfeld et al., 2015). There is no evidence that
statins may be less effective in patient with RA and during certain types of
antiinflammatory treatment. Indeed, statins have antiinflammatory effects and
may reduce CV risk even further in RA when combined with antirheumatic
therapy (Maki-Petaja et al., 2007). In addition, patients should be informed
about lifestyle changes that can lower CV risk. Smoking cessation should be
advised and where possible patients should be referred to centers where
evidence-based smoking cessation programs are available, even if they have
failed previously. As physical inactivity is common in RA with adverse CV
effects (Hernandez-Hernandez et al., 2014; Metsios et al., 2009; van den Berg
et al., 2007), patients should be advised to exercise. High-intensity exercise is
not contraindicated in RA and should be encouraged (Lemmey et al., 2009).
Physical activity that is enjoyable for the patients and that can be sustained
should be recommended. Finally, a healthy diet should be recommended as
part of a healthy lifestyle following national guidelines available on this
subject. The Mediterranean diet appears to be the healthiest diet in cardio-
vascular terms, and it is characterized by a high intake of vegetables, legumes,
fruits, cereals, and fish, while consumption of red meat is limited. Olive oil is
the most important source of fat in this diet. The Mediterranean diet is asso-
ciated with a reduction in the incidence of CVevents in the general population
(Estruch et al., 2013). In addition, this diet may have a suppressive effect on
disease activity in RA patients (Skoldstam et al., 2003). In which way lifestyle
interventions can best be advocated to patients remains elusive. Generally, the
most effective way to communicate lifestyle interventions to patients is to link
the provided information with behavioral education (Iversen et al., 2010). If
such an approach is effective regarding lifestyle modifications in patients with
RA is to be determined, although a randomized controlled trial evaluating this
approach showed improved behavioral intentions in RA patients receiving
cognitive behavioral patient education compared to those that did only receive
information (John et al., 2013).

3. NONATHEROSCLEROTIC CARDIOVASCULAR DISEASE

Recent reports of studies in the field of cardiovascular disease in RA have
mainly focused on the incidence of atherosclerotic and ischaemic events rather
than nonischaemic CVD. However, patients with RA and other inflammatory
joint disorders are not just at increased risk for ischaemic CV events,
nonischaemic cardiac involvement is also common, and RA can affect nearly
all components of the heart. A range of cardiac manifestations can present
during the course of RA, although cardiac manifestations often remain clini-
cally silent (Kitas et al., 2001).
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In the past, data on traditional rheumatoid heart disease have been
generated from autopsy and imaging (mostly echocardiographic) studies, and
some of these were carried out decades ago. Traditional and clinically overt
rheumatoid heart disease is rare nowadays, possibly related with the intro-
duction of improved RA treatment strategies. However, recent developments
in cardiac imaging suggest that microvascular disease and myocarditis are still
common, as is cardiac autonomic neuropathy, particularly during active phases
of the disease (Mavrogeni et al., 2009).

Traditional cardiac manifestations include pericarditis, cardiomyopathy,
myocarditis, cardiac amyloidosis, arrhythmia, and valve diseases, but also
vasculitis of the coronary arteries and CHF (Table 10.4). This section discusses
the epidemiological aspects of these traditional rheumatoid heart diseases in
more detail.

3.1 Pericardial Disease

3.1.1 Introduction

Pericarditis is the most common form of cardiac involvement in RA, although
clinically evident cases are rare as pericardial involvement in RA is usually
clinically silent. It is observed secondary to the underlying inflammatory
process and patients with active RA and other extraarticular manifestations are
affected most frequently (Voskuyl, 2006).

3.1.2 Prevalence

As rheumatoid pericarditis rarely causes clinically overt disease, the true
prevalence is difficult to establish and varies according to the method of
assessment. Pericarditis is mostly an incidental discovery on autopsy or by
echocardiography as clinical evidence of pericarditis is considerably
less frequent than prevalences reported by autopsy or echocardiographic
findings.

Clinically evident RA pericarditis generally affects �10% of patients with
severe RA, including patients with asymptomatic pericardial effusions

TABLE 10.4 Traditional Cardiac Manifestations of

Rheumatoid Arthritis

Pericardium

Myocardium

Endocardium and heart valves

Conducting system and autonomic nervous system

Coronary arteries and vascular tree
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(Gordon et al., 1973). In autopsy and echocardiographic studies (Table 10.5), a
higher prevalence of pericardial disease in RA is reported. Autopsy studies
report prevalence ranging up to 50%, although a trend towards lower rates is
seen in most recent studies (Bely et al., 1992; Bonfiglio and Atwater, 1969;
Cathcart and Spodick, 1962; Koivuniemi et al., 2013). Almost all studies
include small number of patients and thus carry a risk of selection bias, as
patients are usually selected from a hospital setting, pointing to more severe
disease. Numerous echocardiographic studies have been carried out in RA
cohorts and the reported prevalence of echocardiographic pericardial effusion
ranges from 1% to 30% (Dawson et al., 2000; Guedes et al., 2001; Maione
et al., 1993; Mody et al., 1987; Nomeir et al., 1979; Tlustochowicz et al., 1997;
Wislowska et al., 1999).

It is worth mentioning that the majority of studies have been performed
decades ago, and the prevalence nowadays is not exactly known. It is likely
that the prevalence of pericarditis in RA is reducing as a result of improved
treatment strategies.

TABLE 10.5 Pericardial Disease in Rheumatoid Arthritis

Method of

Assessment N

Reported

Prevalence

Bonfiglio and Atwater
(1969)

Autopsy 50%

Bely et al. (1992) Autopsy 169 2%

Cathcart and Spodick
(1962)

Autopsy

Koivuniemi et al. (2013) Autopsy 369 27%

Guedes et al. (2001) Echocardiography
(trans-oesophageal)

30 13%

Nomeir et al. (1979) Echocardiography 30 20%

Mody et al. (1987) Echocardiography 101 6%

Maione et al. (1993) Echocardiography 39 7%

Tlustochowicz (1997) Echocardiography 100 26%

Wislowska et al. (1999) Echocardiography 70 4%

Dawson et al. (2000) Echocardiography 143 1%

Mavrogeni et al. (2013) MRI 20 6/13

Turesson et al. (2007) Medical records 81 (severe
extraarticular RA)

16%
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3.1.3 Etiology of Pericardial Involvement in Rheumatoid Arthritis

RA pericarditis occurs most frequently in seropositive patients with severely
destructive and nodular RA, as is the case with other extraarticular features of
RA(Voskuyl et al., 1996). It has also been reported to occur more frequent in
male patients; however, results from different studies have been contradictory.
In the majority of RA patients pericarditis develops during the course of RA,
but it may also proceed the onset of arthritis and be the first symptom of an
autoimmune disease (Voskuyl et al., 1996). Therefore, establishing the etiol-
ogy of pericarditis in patients presenting with pericardial effusion may aid in
diagnosing RA at early stage.

Other potential etiologies of pericarditis are infection, acute MI, use of
certain medications, and trauma, and must be ruled out.

3.1.4 Mortality

As pericarditis in RA is usually asymptomatic, it does not seem to signifi-
cantly contribute to excess mortality. However, in patients with extraarticular
manifestations and more severe disease mortality is markedly increased
compared to patients with milder disease (Turesson et al., 2002). Pericarditis
itself is associated with a high morbidity and mortality in patients with
constrictive pericarditis or rapidly progressive effusive pericarditis, but these
cases are rare. The prognosis of RA patients with clinical pericarditis ap-
pears to be mostly impaired in the first year after diagnosis (Hara et al.,
1990).

3.1.5 Pathology

Normal pericardium consists of a two-layered sac that folds over the surface of
the heart. The visceral pericardium is the thin visceral inner layer and lies
adherent to the myocardium. The parietal pericardium, the thicker outer layer,
is contiguous with the inner layer and both layers are separated by pericardial
fluid that is secreted by the inner layer. The most prominent feature of peri-
carditis is the accumulation of (usually exudative) pericardial fluid in the sac,
resulting in pericardial effusion: usually a clear exudate containing neutrophils
with a high protein and low glucose content (Hara et al., 1990). Long-standing
effusions may contain cholesterol crystals. Persistent chronic inflammation
thickens the pericardium, which ultimately may result in constrictive peri-
carditis leading to restriction of cardiac filling, although this is rarely seen.
Pericardial calcification is also a seldomly observed consequence of chronic
pericarditis.

3.1.6 Clinical Manifestations

Pericarditis is often clinically silent as only a small fraction of patients have
symptoms. The most common symptom is a pleuritic chest pain: an acute and
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sharp pain that is relieved by leaning forward. In constrictive disease cardiac
tamponade, signs of hemodynamic compromise or even shock can develop and
require immediate intervention. A pericardial friction rub occurs in up to 40%
of patients (Kitas et al., 2001).

3.1.7 Diagnostic Investigations

Electrocardiographic changes are present in approximately 90% of patients
with acute pericarditis, and include ST-segment elevation and depression in the
PR-segment (Troughton et al., 2004). Laboratory evaluation should include
markers of inflammation, cardiac markers as creatine, and troponin-I. Peri-
cardial effusion and thickening may be seen on echocardiographic evaluation
and transthoracic echocardiography should always be performed. Pericardial
effusion can also be diagnosed by chest radiography.

In some cases, pericardiocentesis is indicated: in cases with refractory
effusion that show signs of hemodynamic compromise, or if the effusion is
suspected to be purulent, tuberculous, or neoplastic.

3.1.8 Differential Diagnosis and Management

In all patients who present with acute chest pain, other causes of chest pain
should be ruled out, including MI and pulmonary embolism. In RA patients
pericarditis is most likely to be autoinflammatory, but infective causes of
pericardial effusion should be considered and cultures may be necessary.

Most cases of pericarditis can be treated in the outpatient clinic. If there is
any doubt on the etiology, or if refractory or severe disease is present, a
cardiologist consultation is recommended.

NSAIDs are usually first-line treatment, as it relieves pain and dampens
inflammation. Colchicine is often used in the treatment of pericarditis in non-
RA patients. Glucocorticosteroids can also be used, especially in more severe
cases and in autoreactive causes (Adler et al., 2015).

It is important that in RA, pericarditis is a manifestation of active disease.
Thus, RA treatment should be intensified to control the active disease.

3.2 Endocardial Involvement in Rheumatoid Arthritis

3.2.1 Valvular Disease

Echocardiographic and autopsy studies show a high prevalence of valvular
involvement in RA, although clinically overt disease is rare (Bacon and
Gibson, 1974). Endocardial involvement is thought to be a consequence of
systemic aspecific inflammation, and all valves may be involved. Thickening
and calcification of valves occur mainly at the base of the valves and granu-
lomatous lesions may develop, leading to valve regurgitation. As this is a
slowly developing process it does not cause any symptoms in most patients as
the ventricles adapt without decompensating.
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3.2.2 Coronary Arteritis

Coronary arteritis is another cardiac manifestation that rarely presents as
clinical disease but is frequently reported in RA autopsy studies, affecting up
to 20% of cases (Bonfiglio and Atwater, 1969). Small and medium intra-
myocardial vessels are usually affected, and this may lead to small infarctions
causing patchy myocardial necrosis. Epicardial vessel arteritis has also been
reported as a nonocclusive arteritis, and if this leads to MI is not known
(Morris et al., 1986).

3.3 Myocardial Involvement and Conduction System
Abnormalities in Rheumatoid Arthritis

Myocarditis in RA can be focal or diffuse, granulomatous, and nonspecific.
Nonspecific myocarditis is frequently asymptomatic and its clinical signifi-
cance is not known. The conduction system may be affected leading to con-
duction abnormalities. Several types of conduction abnormalities have been
reported in RA patients, ranging from cardiac arrhythmias to complete heart
block possibly due to disruption of the atrioventricular node by rheumatoid
granulomata (Ahern et al., 1983; Goldeli et al., 1998).

4. CONCLUSION

RA is associated with an increased risk of mortality with SMRs ranging
from 0.9 to 2.7 as compared to the general population. CVD is the main
reason for premature death in these patients, which is mostly of athero-
sclerotic origin. Nonatherosclerotic traditional rheumatic heart disease also
contributes, although clinically overt and severe cases are rare nowadays,
presumably related to the development of improved RA treatment strate-
gies. The excess CV risk in patients with RA is accounted to both an
increased prevalence of traditional CV risk factors as well as the detri-
mental effects of chronic systemic inflammation. Early diagnosis of RA
could lower CV risk. More importantly, awareness of this heightened CV
risk is vital for clinicians as well as patients with RA to timely initiate CV
risk management in daily clinical practice, next to optimal treatment of
inflammation with antiinflammatory therapy. CV risk assessment and
management should be performed in accordance to existing guidelines for
the general population and for patients with inflammatory joint diseases,
including RA, to reduce CV risk.
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Key Points

l Cardiac abnormalities are common in systemic lupus erythematosus (SLE)
patients. Nowadays they are usually mild or asymptomatic and are
frequently recognized by noninvasive tests such as echocardiography and
cardiac magnetic resonance imaging.

l Pericarditis is the most common manifestation, usually mild and rarely
complicated by cardiac tamponade.

l Lupus myocarditis, although rare, is usually associated with high lupus
disease activity and high-risk mortality; therefore a prompt and aggressive
treatment is required.

l The most characteristic valvular lesion in SLE patients is atypical verru-
cous endocarditis (Libman-Sacks endocarditis), which rarely leads to he-
modynamically significant valvular abnormalities requiring surgical
treatment.

l Severe conduction tissue involvement is very rare in SLE patients.
Congenital heart block can occur in 1e2% of newborns from anti-SSA and
anti-SSB positive mothers.

l Atherosclerosis in SLE patients is premature and accelerated, being one of
the most important cause of mortality in SLE patients. Chronic inflam-
mation and the recruitment of several immunological cells promote for-
mation and progression of atherosclerotic plaques as well as the
development of complications.

1. INTRODUCTION

Systemic lupus erythematosus (SLE) is a chronic autoimmune disease of un-
known etiology, characterized by the production of autoantibodies by
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autoreactive B cells. Autoantibodies are able, through several mechanisms, to
induce inflammatory changes in various organs and systems including skin,
musculoskeletal, hematopoietic and nervous systems, kidney, lung, blood
vessels, and heart. In SLE, all the cardiac structures can be involved: pericar-
dium, endocardium and valves, myocardium, coronary arteries, and conduction
tissue (Doria et al., 2005a,b; Garcia et al., 2014; Miner and Kim, 2014).

In the past the diagnosis of SLE was frequently made in severe and life-
threatening cases where cardiac abnormalities were rather frequent, serious,
and often leading to death. Therefore, cardiac changes were frequently found
in post-mortem examinations (Harvey et al., 1954; Estes and Christian,
1971). Nowadays, using more sensitive diagnostic tools, that is, antinuclear
and other autoantibody tests, it is possible to diagnose SLE in earlier stages
of the disease. Thus, cardiac manifestations are diagnosed earlier and more
often are mild and asymptomatic, frequently (>50% of cases) recognized by
echocardiography (D’Cruz et al., 2001; Kao and Manzi, 2002; Shazzad et al.,
2013) and other noninvasive tests, including computer tomography (CT) and
magnetic resonance imaging (MRI) (Mavrogeni et al., 2016).

2. PERICARDIAL INVOLVEMENT

Pericarditis is one of the most characteristic manifestations of the disease and
is included in the ARA/ACR and SLICC classification criteria for SLE (Petri
et al., 2012; Tan et al., 1982).

2.1 Prevalence

The prevalence of pericardial involvement varies between 11% and 83%
(Tables 11.1 and 11.2). This variability depends on the type of the study: post-
mortem, clinical, or echocardiographic. In post-mortem studies, the frequency
of pericardial involvement varies between 47% and 83% (Gross, 1940; Kong
et al., 1962; Ropes, 1976). Echocardiography finds pericardial abnormalities
(effusion or thickening of the layers) in between 11% and 54% of SLE patients
(Table 11.1).

2.2 Histopathologic Findings/Pathogenesis

In necropsy studies, the pericardium was involved by acute and chronic in-
flammatory changes. Acute pericarditis can be serofibrinous or fibrinous; the
latter form is also found post-mortem, although less frequently than it was in
the precorticosteroid era (Bulkley and Roberts, 1975). In chronic pericarditis,
the fibrous or fibrofibrinous aspects prevail and the pericardial space may be
obliterated by fibrous adhesions (Kong et al., 1962). Very large effusions,
leading to cardiac tamponade and constrictive pericarditis (Jacobson and Reza,
1978) are very rare.
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The granular deposition of immunoglobulin and C3, demonstrated by
direct immunofluorescence in surgical specimens of pericardial tissues from
SLE patients (Jacobson and Reza, 1978; Bidani et al., 1980), supports the role
of immune complexes in the development of pericarditis.

2.3 Clinical Features

The most frequent symptoms of pericarditis are tachycardia, dyspnea, pre-
cordial, or substernal chest pain that is emphasized by breathing, coughing,
swallowing, and worsened when lying flat. At clinical examination, an increase

TABLE 11.1 Prevalence of Pericarditis in Systemic Lupus Erythematosus

(SLE) Patients: Echocardiographic Studies

Reference No. Patients No. Positive (%)

Collins et al. (1978) 17 6 (35)

Ito et al. (1979) 48 22 (46)

Chia et al. (1981) 21 5 (23)

Klinkhoff et al. (1985) 47 10 (21)

Badui et al. (1985) 100 39 (39)

Doherty et al. (1988) 50 21 (42)

Crozier et al. (1990) 50 27 (54)

Leung et al. (1990a,b) 75 28 (37)

Kahl (1992) 395 75 (19)

Ramonda et al. (1992) 35 15 (43)

Cervera et al. (1992) 70 19 (27)

Sturfelt et al. (1992) 75 14 (19)

Rantapää-Dahlquist et al. (1997) 50 20 (40)

Castier et al. (2000) 325 107 (33)

Gentile et al. (2000) 91 19 (21)

Falcão et al. (2002) 70 8 (11)

Shahin et al. (2004) 62 12 (19)

Smiti et al. (2009) 97 38 (39)

Yu and Li (2011) 85 22 (26)

Shazzad et al. (2013) 50 20 (40)

Total 1813 527 (29)
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TABLE 11.2 Prevalence of Anatomical Valvular Abnormalities in Systemic

Lupus Erythematosus (SLE): Echocardiographic Studies of Valvular

Abnormalities

Reference

Patients

No.

Verrucae

No. (%)

Thickening

No. (%)

Association

with aPL

Klinkhoff et al. (1985) 47 0 (0) 10 (21) e

Galve et al. (1988) 74 7 (9) 6 (8) e

Crozier et al. (1990) 50 0 (0) 3 (6) e

Khamashta et al.
(1990)

132 9 (7) 5 (4) Yes

Nihoyannoupoulos
et al. (1990)

93 8 (9) 18 (19) Yes

Leung et al. (1990a,b) 75 9 (12) 7 (9) Yes

Cervera et al. (1992) 70 3 (4) 12 (17) Yes

Sturfelt et al. (1992) 75 3 (4) 17 (23) Yes

Ong et al. (1992) 40 1 (2.5) 15 (38) No

Ramonda et al. (1992) 35 1 (3) 2 (6) No

Giunta et al. (1993) 75 0 (0) 9 (12) Yes

Metz et al. (1994) 52 3 (6) 4 (8) No

Roldan et al. (1996) a 69 30 (43) 35 (51) e

Rantapää-Dahlquist
et al. (1997)

50 0 (0) 5 (10) No

Omdal et al. (2001) a 35 12 (34) 10 (29) No

Leszczy�nski et al.
(2003)

52 1 (2) 11 (21) Yes

Perez-Villa et al.
(2005)

61 4 (7) 16 (26) Yes

Moyssakis et al.
(2007)

342 38 (11) 14 (4) Yes

Yu and Li (2011) 85 0 (0) 15 (18) e

Total 1513 129 (8) 214 (14)

aPL, Antiphospholipid antibodies.
aTransesophageal echocardiography.
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of the cardiac area and/or pericardial rub is the classical finding, but rarely found
in the modern era (Ropes, 1976; Cervera et al., 1993; D’Cruz et al., 2001).

Pericardial involvement appears more frequently during SLE relapses
(Ramonda et al., 1992), and it is often associated with the involvement of other
serous layers, leading to polyserositis.

The complications of pericarditis are rare. If the effusion is very large, it
can lead to cardiac tamponade. This occurs in 1e2.5% of patients with peri-
carditis, considering all cases including asymptomatic ones (Doherty and
Siegel, 1985; Kahl, 1992; Castier et al., 2000) and in up to 16% of cases with
overt clinical manifestations (Kahl, 1992; Buppajamrntham et al., 2014).

Constrictive pericarditis is even more rare (Lustig et al., 2014; Oh et al.,
2012). Purulent pericarditis, with or without tamponade (Doherty and Siegel,
1985), is extremely rare too; it represents an infectious complication of
immunosuppressive therapy and it is often due to Staphylococcus aureus.

2.4 Diagnostic Investigations

Large pericardial effusion can be recognized by standard chest X-ray, which
documents the widening of the cardiac silhouette. Mild effusions and other
abnormalities of the pericardial layers are demonstrated by echocardiography
(Smiti et al., 2009; Yu and Li, 2011; Shazzad et al., 2013). Many patients with
pericardial effusion and/or thickening of a moderate extent are asymptomatic
(Doherty et al., 1988).

Pericardial effusion can be better defined using other investigations such as
CT and MRI (Kruzliak et al., 2013).

Like pleural and synovial fluids, pericardial fluid in lupus patients is an
inflammatory exudate and very seldom is hemorrhagic. Acidity is high, which
allows its differentiation from the effusion due to renal insufficiency, traumas,
or idiopathic effusion (Kindig and Goodman, 1983). In the pericardial exudate
antinuclear antibodies, anti-double stranded (ds) DNA antibodies, low levels
of complement, immune complexes, and rheumatoid factor may be detectable;
glucose levels are normal (Moder et al., 1999).

2.5 Treatment

Nonsteroidal antiinflammatory drugs and/or corticosteroids (prednisone
0.5 mg/kg/day) are effective in mild pericarditis. In more severe cases or in
tamponade a higher dose of corticosteroid is necessary, often given as an
intravenous bolus (such as 1 g of methylprednisolone daily for 3 days).

In patients with recurring pericarditis chronic immunosuppression with
azathioprine, methotrexate, mycophenolate mofetil, or, in refractory cases,
belimumab or rituximab are recommended (Muangchan et al., 2015). High-
dose intravenous immunoglobulins (IVIG) (Meissner et al., 2000) and
colchicine (Morel et al., 2015) have also been suggested.
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Invasive procedures such as pericardiocentesis, pericardial window, or
pericardial stripping are rarely needed.

3. MYOCARDIAL INVOLVEMENT

The most characteristic feature of myocardial involvement in SLE is
myocarditis. However, myocardial dysfunction may be the result of other
noninflammatory features including ischemic heart disease, hypertension,
renal failure, valvular disease, and toxicity from medications, especially
cyclophosphamide and chloroquine (Moder et al., 1999; D’Cruz et al., 2001;
Kao and Manzi, 2002). Myocardial dysfunction may progress to dilated car-
diomyopathy, characterized by enlargement of all chambers, or hypertrophic
cardiomyopathy involving the left ventricle (Kao and Manzi, 2002). This last
feature typically develops in patients with long-standing hypertension.

3.1 Prevalence

The prevalence of lupus myocarditis has very much decreased since the
introduction of steroid therapy (Kong et al., 1962; Bulkley and Roberts, 1975;
Ropes, 1976) and nowadays clinically overt myocarditis is uncommon.

In post-mortem studies myocarditis prevalence varied from 7% to 50%
(Badui et al., 1985; Doherty and Siegel, 1985; Bulkley and Roberts, 1975;
Bidani et al., 1980; Roberts and High, 1999).

The prevalence of clinical manifestations due to myocarditis in the years
50se80s was 10% (Harvey et al., 1954; Estes and Christian, 1971; Ropes,
1976; Badui et al., 1985; Dubois and Tuffanelli, 1964; Borestein et al., 1978).
Recent epidemiologic data report a lower prevalence of clinically overt
myocarditis: from 0.5% in an early lupus cohort (disease duration �2 years)
(Garcia et al., 2014) to 6.1% in a more recent study (Du Toit et al., 2016).

3.2 Histopathologic Findings/Pathogenesis

Histological findings include small foci of fibrinoid necrosis with infiltrates of
plasma cells and lymphocytes and, more rarely, diffuse interstitial inflamma-
tory changes. Hematoxylin bodies, monocyte infiltrates, and foci of myocyte
necrosis have also been found; however, this last feature is rare. In patients
treated with corticosteroids, the finding of small foci of myocardial fibrosis is
common (Bulkley and Roberts, 1975; Doherty and Siegel, 1985; Bidani et al.,
1980; Fairfax et al., 1988).

Immunofluorescence studies demonstrate fine granular immune complexes
and complement deposition in the walls and perivascular tissues of myocardial
blood vessels (Bidani et al., 1980). Moreover, foci of immune deposits are
observed along or within the myocyte bundles (Bidani et al., 1980). These
observations support the hypothesis that lupus myocarditis is primarily an
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immune complex-mediated vascular phenomenon. However, the association
between myocarditis and some circulating autoantibodies including anti-Ro/
SSA (Logar et al., 1990), anti-U1RNP (Borenstein et al., 1978; Lash et al.,
1986; Du Toit et al., 2016), and antiheart (Das and Cassidy, 1973) antibodies
has been reported. Although there are evidences supporting the role of anti-Ro/
SSA in the fetal development of myocarditis, the pathogenetic effects of these
antibodies in adult myocarditis remain uncertain.

3.3 Clinical Features and Outcome

The signs and symptoms are similar to those of myocarditis due to other causes,
that is, viral myocarditis (Wijetunga and Rockson, 2002): fever; dyspnea;
palpitations; resting tachycardia, which is disproportionate to the patient’s body
temperature; cardiomegaly; gallop rhythms; rarely extrasystoles or other
arrhythmias; increase of creatine phosphokinase (CPK), particularly CPK-MB;
and troponin release (Feldman and McNamara, 2000). Myocarditis can prog-
ress to ventricular dysfunction, dilated cardiomyopathy, and heart failure. Heart
failure can develop if other factors such as valvulitis, pericarditis, anemia, and
hypertension concomitantly occur (Del Rio et al., 1978; Borenstein et al., 1978;
Berg et al., 1985; Badui et al., 1985).

Lupus myocarditis is usually associated with high lupus disease activity,
lupus nephritis, lymphopenia, and anti-U1RNP positivity. Mortality due to
myocarditis remain high (43%) and it is associated with low ventricular
function at diagnosis shown by echocardiography (Du Toit. et al., 2016).

3.4 Diagnostic Investigations

Diagnosis of myocarditis largely depends on clinical suspicion rather than on
definitive diagnostic tests.

Nonspecific ST-T wave changes, conduction abnormalities, frequent pre-
mature complexes, and supraventricular and ventricular tachycardia may be
noted on the electrocardiogram (ECG) (Estes and Christian, 1971; Borenstein
et al., 1978; Badui et al., 1985).

Echocardiography is a useful and widely used procedure (Feldman and
McNamara, 2000). It is able to show findings that, although unspecific, are
indicative of myocardial inflammation and/or dysfunction. The most relevant
findings are global, regional, or segmental wall motion abnormalities; decreased
ejection fraction; increased chamber size; and diastolic dysfunction (Klinkhoff
et al., 1985; Doherty et al., 1988; Crozier et al., 1990; Leung et al., 1990a,b;
Nihoyannopoulos et al., 1990; Sturfelt et al., 1992; Giunta et al., 1993; Du Toit
et al., 2016). MRI with T1-weighted early gadolinium enhancement,
T1-weighted late gadolinium enhancement, and T2-weighted imaging is an
emerging and very helpful tool in supporting a diagnosis of myocarditis (Yilmaz
et al., 2013; Mavrogeni et al., 2016) because it offers a noninvasive detection of
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changes in myocardial tissue composition and well correlates with findings from
endomyocardial biopsy (Mavrogeni et al., 2009; Yilmaz et al., 2013).

Endomyocardial biopsy represents the gold standard for the diagnosis of
myocarditis. This invasive procedure is useful not only in confirming the
diagnosis of lupus myocarditis, but also in ruling out other causes of cardio-
myopathy (Feldman and McNamara, 2000; Lopez-Ruiz and Uribe, 2014;
Mavrogeni et al., 2016). Moreover, it can give some information about the
severity and the extent of cardiac involvement (Fairfax et al., 1988).

3.5 Treatment

Myocarditis, although mild, has to be treated immediately with high-dose
corticosteroids (Moder et al., 1999; Wijetunga and Rockson, 2002). In the
most severe forms it is necessary to use intravenous pulse corticosteroid
(methylprednisolone 0.5e1 g/day for three consecutive days) followed by high
doses of oral prednisone. The use of immunosuppressants, cyclophosphamide
or azathioprine is particularly recommended for patients in whom active
myocarditis has been histologically confirmed (Fairfax et al., 1988;
Naarendorp et al., 1999; Du Toit et al., 2016). There are some report indicating
a beneficial effect of intravenous IVIG (Disla et al., 1993; Sherer et al., 1999).
Finally, in case of severe and/or refractory myocarditis, rituximab was suc-
cessfully used as add on therapy (Aggarwal et al., 2012; Du Toit et al., 2016).

In patients with heart failure additional supportive pharmacologic therapy,
such as inotropes, afterload-reducing agents, and diuretics are used; moreover,
factors which can worsen heart failure such as anemia, hypertension, and in-
fections have to be resolved.

4. VALVULAR INVOLVEMENT

Anatomical and functional valvular abnormalities have been described in SLE
(Moder et al., 1999; D’Cruz et al., 2001; Kao and Manzi, 2002; Leszczy�nski
et al., 2003; Perez-Villa et al., 2005,Yu and Li, 2011; Shazzad et al., 2013).
Libman-Sacks endocarditis (Libman and Sacks, 1924), also termed “atypical
verrucous endocarditis,” is the most characteristic lesion.

4.1 Prevalence

In necroscopic studies the prevalence of valvular abnormalities ranges be-
tween 13% and 74% (Kong et al., 1962; Dubois and Tuffanelli, 1964; Estes
and Christian, 1971; Bulkley and Roberts, 1975; Lehman et al., 1989). Some
authors have suggested that the frequency of valvular abnormalities decreased
after the introduction of corticosteroids in treatment. A study by Doherty and
Siegel (1985) showed that the prevalence of these lesions was 59% before the
use of corticosteroids and 35% after their introduction.
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In Table 11.2 the prevalence of valvular verrucae and thickening observed
in transthoracic and transesophageal echocardiography are reported.

4.2 Histopathologic Findings/Pathogenesis

Libman-Sacks endocarditis is characterized by ovoid verrucae, rather flat,
smaller than those observed in rheumatic fever or in bacterial endocarditis,
with a diameter ranging from 1 to 4 mm, consisting of fine granular material.
The verrucae can be isolated, but they tend to gather together forming
blackberry-shaped areas. These lesions can occur in any valve, but are
observed more frequently in the mitral valve, on both surfaces of the valve.
The simultaneous involvement of several valves is not uncommon.

In most post-mortem studies vegetations were observed in the recess be-
tween the posterior valvular leaflet and the ventricular wall (Doherty and
Siegel, 1985), a location differing from that observed in infectious endo-
carditis, in which they are mostly found on the atrial aspect of the valve
(Harvey et al., 1954; Bulkley and Roberts, 1975).

In a more recent study (Eiken et al., 2001), considering a surgical popu-
lation, vegetations were found along the closing edges of the leaflets and along
the atrial surfaces, without any involvement of the ventricular aspectda
pattern differing from that previously reported in post-mortem investigations.

Although rare, the vegetations can occur in chordae tendinae, papillary
muscles, and the parietal endocardium.

Histologic studies have shown two types of lesions (Bulkley and Roberts,
1975): (1) active lesions which consist of fibrin clumps, focal necrosis, and
mononuclear cell infiltrates and (2) healed lesions characterized by vascular-
ized fibrous tissue sometimes associated with calcifications; calcification of
the mitral ring has also been described (Bulkley and Roberts, 1975; Barzizza
et al., 1987; Doherty et al., 1988). These lesions have different prognostic
implications. The active lesions have been more frequently observed in young
patients with recent disease onset (Galve et al., 1988). These lesions can
induce mild valve regurgitation, but they generally do not lead to a hemody-
namically significant valvular lesion.

The healed lesions are found in patients with long-standing disease and
who have taken corticosteroids for a long time. Healed lesions are frequently
associated with functional valve abnormalities, especially valvular insuffi-
ciency (Doherty and Siegel, 1985).

According to some authors (Galve et al., 1988; Carette, 1988) cortico-
steroid therapy can heal the valvular lesion with consequent retraction of the
cusps and, in turn, valvular defect. Other authors (Doherty et al., 1988)
did not observe any relationship between corticosteroid use and valvular
abnormality.

The association between valvular abnormalities and antiphospholipid an-
tibodies (aPL) has been reported (Ford et al., 1988; Chartash et al., 1989;
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Nesher et al., 1997; Leszczy�nski et al., 2003; Perez-Villa et al., 2005)
(Table 11.2). Indeed, it has been shown that valvular lesions were more
frequently observed in SLE patients with aPL syndrome (APS) or positive
aPL than in those without (Vianna et al., 1994; Leszczy�nski et al., 2003;
Perez-Villa et al., 2005; Moyssakis et al., 2007).

Pathogenetic mechanism involved in the development of verrucous
valvular abnormalities has not been fully elucidated. There are two major
pathogenetic hypothesis. The primum movens could be represented by a
thrombus. According to this hypothesis, aPL and antiendothelium antibodies
could bind to endothelial cells, which lead to their activation and, in turn,
platelet aggregation and thrombus formation (Simantov et al., 1995; Del Papa
et al., 1999; Yazici et al., 2001; Kaplanski et al., 2000). Alternatively, the
primum movens could be immune complex deposition between the endothe-
lium and the basal membrane, followed by the infiltration of inflammatory
cells (Shapiro et al., 1977; Bidani et al., 1980; Ziporen et al., 1996; Amital
et al., 1999).

4.3 Clinical Features

Verrucous endocarditis is generally asymptomatic and only occasionally leads
to a cardiac murmur (Ropes, 1976; Straaton et al., 1988). In fact, the verrucae
are near the edge of the valves and therefore do not tend to deform the closing
line, even when they are very large and protrude into the cardiac chambers.

It is rather common to find cardiac murmurs in SLE patients. It can be soft,
holosystolic, and of low tone, but occasionally it can be strong and rough,
perceptible at the left cardiac thrust and/or at the base. However, it is difficult
to evaluate the cause of a “cardiac murmur” in SLE patients because of the
coexistence of fever, tachycardia, and anemia.

The prevalence of complications due to verrucous endocarditis is low: le-
sions are hemodynamically significant in only 3e4% of cases, making surgical
treatment necessary in 1e2%. The indication for valve replacement rises to 9%
in the subset of patients with valvular abnormalities (Roldan et al., 1996).
Anatomical abnormalities are generally found in the mitral and aortic valves.
Mitral and/or aortic insufficiency are more frequent than stenosis of the same
valves (Harvey et al., 1954; Ropes, 1976; Elkayam et al., 1977; Thandroyen
et al., 1978; Kinney et al., 1980; Doherty and Siegel, 1985; Roldan et al., 1996;
Perez-Villa et al., 2005,Yu and Li, 2011, Shazzad et al., 2013).

Among the complications of verrucous endocarditis, infectious endo-
carditis, embolism, and rupture of chordae tendinae have to be considered. The
prevalence of infectious endocarditis is 4.9% in post-mortem surveys and 1.3%
in clinical studies (Doherty and Siegel, 1985). It was observed in 3 (7%) out of
45 patients with valvular disease in the study of Roldan et al. (1996). It is
facilitated by dental surgical treatments carried out without an appropriate
antibiotic prophylaxis. In the setting of such surgical procedures, antibiotics
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should be taken by all SLE patients with valvular abnormalities (including
mitral prolapse), especially if they are taking immunosuppressants (Klinkhoff
et al., 1985; Doherty and Siegel, 1985; Comens et al., 1989; Luce et al., 1990).
Fever, cardiac murmur, and splinter hemorrhages are common clinical mani-
festations in infectious endocarditis.

Stroke or peripheral embolism were observed in 13% of patients with
valvular abnormalities (Roldan et al., 1996). It has also been suggested that
positive aPL could increase the risk of cardioembolism (Fox et al., 1980).
Finally, the rupture of chordae tendinae has occasionally observed (Kinney
et al., 1980).

Jensen-Urstad et al. (2002) reported a close association between valvular
abnormalities and cardiovascular disease (CVD) as well as raised levels of
homocysteine and triglycerides in SLE patients. Therefore, patients with
valvular disease should be screened for clinical and subclinical atherosclerotic
features. Moreover, it has been suggested that the presence of Libman-Sacks
endocarditis in patients with SLE is associated with a higher risk for
embolic CVD indicating that Libman-Sacks endocarditis may be a source of
cerebral emboli (Roldan et al., 2013).

4.4 Diagnostic Investigations

Echocardiography has been shown to be much more sensitive than clinical
examination in the detection of Libman-Sacks endocarditis and/or its com-
plications. This procedure allows the visualization of verrucae, thickening and
calcification of valvular rings, and, when it is completed by Doppler investi-
gation, can show valvular regurgitation (Table 11.2) (Kahan et al., 1985;
Klinkhoff et al., 1985; Galve et al., 1988; Crozier et al., 1990; Leung et al.,
1990a,b; Khamashta et al., 1990; Nihoyannopoulos et al., 1990; Sturfelt et al.,
1992; Ramonda et al., 1992; Cervera et al., 1992; Ong et al., 1992; Giunta
et al., 1993; Metz et al., 1994; Perez-Villa et al., 2005,Yu and Li, 2011,
Shazzad et al., 2013; Roldan et al., 2015). The transesophageal technique is
more sensitive than the transthoracic one in revealing these abnormalities
(Roldan et al., 1996; Shively, 2000; Omdal et al., 2001; Roldan et al., 2008).

4.5 Treatment

Since Libman-Sacks endocarditis is clinically silent in the majority of cases,
generally it is not treated. When it is found in an early active stage, corti-
costeroids (prednisone 1 mg/kg/day) are recommended, especially if aPL
results are negative. It has been reported that valvular abnormalities
frequently resolved over time (Roldan et al., 1996). Although no direct
relationship between treatment and changes in valvular disease was
demonstrated, these data support the hypothesis that active valvular lesions
may be modifiable by therapy.
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When endocarditis is detected at a later stage during the course of the
disease, careful clinical surveillance is necessary and, if the lesion becomes
hemodynamically significant, valve surgery is needed (Comens et al., 1989;
Hakim et al., 2001). It is necessary to carefully evaluate the type of surgical
treatment: valve repair, replacement with mechanical valve, or replacement
with bioprosthetic porcine graft. Valve repair is a more conservative surgical
treatment with no need for anticoagulation. It is a feasible and effective pro-
cedure in young patients with relatively stable SLE and/or APS and localized
valve abnormalities caused by Libman-Sacks endocarditis (Bouma et al.,
2010). However, valve repair often leads to repeated surgery and later valve
replacement (Hakim et al., 2001).

Valve replacement in patients with SLE is generally uneventful and makes
surgery a feasible option without posing a major risk to patients with
compensated organ dysfunction (Morin et al., 1996; Foroughi et al., 2014).
SLE patients who need valve surgery have, in the majority of cases, an
associated APS, which itself requires anticoagulation. Bioprosthetic porcine
valves have also been hindered by complications such as valvulitis relapse
(Gordon et al., 1996). Therefore, mechanical valve replacement seems to be
the best choice in lupus patients.

5. CORONARY ARTERY INVOLVEMENT

Angina pectoris and acutemyocardial infarction (MI)were rare in SLE patients in
50s (Harvey et al., 1954). Following the improvement of the survival of SLE
patients (Doria et al., 2006), they become the most frequently observed compli-
cations occurring in about 10%of patientswith long-standing disease (Fernández-
Nebro et al., 2015). Interestingly, in a cohort of patients with early SLE (within
15 months of diagnosis) the prevalence of MI is 1.6% (Urowitz et al., 2016).

5.1 Prevalence and Risk Estimation

In post-mortem studies, a significant narrowing of coronary arteries was
observed in 25e45% of cases (Bulkley and Roberts, 1975; Haider and
Roberts, 1981; Fukumoto et al., 1987).

The risk of developing CVD is eight-fold higher in women with SLE than
controls; in addition, patients with SLE have an overall standardized incidence ratio
of MI of 2.31 (Bengtsson et al., 2012). Manzi’s study (Manzi et al., 1997) shows a
50-fold increased risk of MI in women aged between 35 and 44 years of age.

In carotid ultrasound studies coronary artery disease (CAD) is reported
with a prevalence ranging from 16% to 40% (Manzi et al., 1999; Svenungsson
et al., 2001; Roman et al., 2003; Doria et al., 2003; Thompson et al., 2008) and
in coronary-CT studies the prevalence of coronary calcifications ranges from
7.2% to 28% (Romero-Dı́az et al., 2012; Plazak et al., 2011; Manger et al.,
2003).
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Abnormalities of the coronary circulation have been reported in 40% of
SLE patients using scintigraphy with Tallium-201 (Hosepund et al., 1984;
Bruce et al., 2000a,b; Ishida et al., 2000) and even a higher percentage using
single photon emission computed tomography dual isotope myocardial
perfusion imaging (DIMPI) (Schillaci et al., 1999; Sun et al., 2001).

5.2 Histopathology/Pathogenesis

Different mechanisms can play a part in the development of CAD. These
include atherosclerosis, coronary arteritis, thrombotic events with or without
aPL, vasospasm, or embolization of valvular material, and hypertension
(Bulkley and Roberts, 1975; Doherty and Siegel, 1985; Meller et al., 1975;
Rosenthal et al., 1980; Pritzker et al., 1980; Lerman et al., 1982; Englund and
Lucas, 1983; Matayoshi et al., 1999).

Histologically, two major findings occur: (1) large transmural infarctions:
in this case a remarkable reduction of the lumen of at least one of the three
major extramural coronary arteries has been reported, more frequently due to
atherosclerotic plaque and more seldom to embolism; (2) small areas of ne-
crosis, detectable only histologically, adjacent to small intramural coronary
arteries, the lumen of which appear restricted, and walls infiltrated by in-
flammatory cells.

The lesions of the major coronary arteries are predominantly of an athero-
sclerotic nature and, histologically, are not different from those seen in non-SLE
subjects. In patients with SLE it has been shown that chronic inflammation
(cytokines) and several immune cells, including, T-lymphocytes and macro-
phages, promotes not only the initiation and progression of the atherosclerotic
lesion, but also the development of complications. The most common is the
complete rupture of the plaque’s fibrous cap, which allows prothrombotic tissue
factor to contact coagulation factors in the bloodstream. In addition, the acti-
vated cells into the plaque, including endothelial cells and smooth muscle cells,
produce considerable amounts of plasminogen activator inhibitor-1, which is a
powerful inhibitor of the endogenous fibrinolytic enzymes such as urokinase
and tissue-type plasminogen activator (Libby and Ridker, 2006).

The minor coronary arteries can be affected by a vasculitic process. His-
tologically, a fibrinoid reaction of the intima and the media layers with partial
interruption of the elastic layer, swelling and scaling of the endothelial cells
(which can be followed by thrombosis), and perivascular inflammatory in-
filtrates of lymphocytes and plasma cells can be detected. The evolution is
toward healing sclerosis of all the arterial layers and fibrous hyperplasia of the
intima with remarkable reduction of the lumen.

Another mechanism that has been hypothesized to lead to coronary
thrombus formation is a superficial erosion of the endothelial cells, possibly
caused by endothelial apoptosis or desquamation (Libby and Ridker, 2006).
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5.3 Clinical Features and Outcome

The clinical manifestations of CAD in SLE are angina pectoris and MI. The
distinction between atherosclerosis and coronary vasculitis is difficult, but of
key importance for therapeutic decisions. Ischemia due to vasculitis is more
frequent in young people with active disease, often of short duration. More-
over, in these patients the detection of vasculitic abnormalities in other organs
is not uncommon; however, the absence of these last features does not rule out
coronary arteritis (Wilson et al., 1992). Ischemia due to atherosclerosis,
although occurring earlier in SLE patients than in the normal population,
affects more frequently older SLE patients, with long-standing disease, long
period of corticosteroid intake, and, usually, quiescent disease at the time of
the cardiovascular event.

Ischemic cardiopathy could be due to APS (Asherson et al., 1989; Murpy
and Leach, 1989; Leung et al., 1990a,b; MacGregor et al., 1992; Kattwinkel
et al., 1992), and in this case could develop at any age and in any stage of the
disease course.

5.4 Outcome

Urowitz et al. (1976) described a bimodal distribution of the causes of death in
SLE: an “early” peak due to SLE severity/activity or infections and a “late”
peak due to atherosclerotic CAD; this trend has been confirmed in other
studies too (Rubin et al., 1985; Abu-Shakra et al., 1995). Further studies found
that acute MI was the cause of death in between 3% and 25% of SLE patients
(Jonsson et al., 1989; Wallace et al., 1981; Rosner et al., 1982; Cervera et al.,
1999; Bruce et al., 2000a,b).

5.5 Traditional and Nontraditional Risk Factors for Premature
Atherosclerosis in SLE Patients

Early atherosclerotic lesions cannot be explained by Framingham risk factors
alone, that is, age, male sex, arterial hypertension, hypercholesterolemia, dia-
betes, obesity, sedentary life, and smoke (Manzi et al., 1999; Esdaile et al.,
2001; Rahman et al., 1999; Bruce et al., 1999). Thus, premature atherosclerosis
observed in patients with SLE has been attributed to complex interactions be-
tween traditional risk factors and factors associated with the disease per se or its
treatment (Ward, 1999; Bruce et al., 2000a,b; Roman et al., 2001; Svenungsson
et al., 2001; Roman et al., 2003; Doria et al., 2003; Doria et al., 2005a,b;
Thompson et al., 2008; Lòpez-Pedrera et al., 2010; Thacker et al., 2012).

5.5.1 Traditional Risk Factors

Many studies have shown abnormality of lipids in SLE patients with an in-
crease of total cholesterol, very low-density lipoprotein, and triglycerides and
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a decrease of HDL and LDL cholesterol. These abnormalities seem to be
influenced by disease activity (Ilowite et al., 1988; Borba and Bonfa, 1997;
Borba et al., 1998), corticosteroid therapy (Ettinger et al., 1987; MacGregor
et al., 1992; Petri et al., 1992b; Leong et al., 1994), nephrotic syndrome
(Leong et al., 1994), and diabetes mellitus. The prevalence of diabetes in SLE
patients is approximately 7% (Manzi et al., 1997; Petri et al., 1992a) and that
of metabolic syndrome 16% (Parker et al., 2012). A beneficial effect of
hydroxychloroquine on the lipid profile in SLE patients has also been reported
(Wallace et al., 1990; Petri et al., 1994; Iaccarino et al., 2013), with a reduction
of total cholesterol, LDL, and triglycerides.

Other studies (Clarke et al., 1991; Fermo et al., 1995; Petri et al., 1996;
Manzi et al., 1999; Petri et al., 1992b; Petri, 2000a; Doria et al., 2003) have
shown an important role of hypertension, sedentary life style, and hyper-
homocysteinemia in the development of atherosclerosis. Hypertension can be
secondary to renal involvement, corticosteroid therapy, and insulin resistance
induced by corticosteroid therapy, and, therefore, it is a common feature in SLE
patients. A study by Petri et al. (1996) has also shown that corticosteroids and
nephropathy could lead to an increase of homocysteine, which is significantly
associated with arterial thrombosis and vascular events such as TIA and stroke.

5.5.2 Nontraditional Risk Factors

Besides cumulative dosage and/or length of corticosteroid therapy, disease
duration, high disease activity, and damage accrual (Gladman and Urowitz,
1987; Petri et al., 1992a; Petri et al., 1994; Manzi et al., 1997; Manzi et al.,
1999; Petri, 2000a, 2000b; Doria et al., 2003), some other inflammatory and
immunologic parameters have been recently proposed, which could contribute
to the development of atherosclerotic plaque.

Some markers of acute phase response, especially high-sensitivity
C-reactive protein, increased C3 serum levels, and high white blood cell
count were found to be associated with clinical or subclinical atherosclerosis
in SLE. Cytokines, including interferon (IFN)-a and INFg, tumor necrosis
factor (TNF)-a, interleukin (IL)-6, IL-17, and B-lymphocytes stimulator,
which are involved in the pathogenesis of SLE are also considered pivotal
factors in CAD development by various mechanisms: IFNa leads to endo-
thelial dysfunction by decreasing the number of endothelial progenitor cells;
TNFa enhances hypertriglyceridemia and promotes atherosclerosis-related
inflammation leading to IL-6 and IFNg overexpression (Lòpez-Pedrera
et al., 2010; Iaccarino et al., 2013). On the other hand, Pentraxin 3 was
significantly associated with SLE activity but not with carotid atherosclerosis
(Shimada et al., 2014).

Among autoantibodies, aPL can contribute to the development of the
atherosclerotic plaque. Some studies pointed out that aPL cross-react with
oxidized LDL (Vaarala et al., 1993). LDL contains phospholipids and apoli-
poprotein B, which could become “antigenic” after lipoprotein oxidation.
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According to another hypothesis, b2GPI could bind oxidized LDL turning
them into a target for anti-b2GPI antibodies (Bruce et al., 2000a,b; Witztum,
1994; Matsuura et al., 1994). It has been suggested that b2GPI can prevent the
uptake of oxLDL by macrophages via scavenger receptors and anti-b2GPI
antibodies bind b2GPI facilitating the uptake of oxLDL by macrophages via
Fcg receptor (Bassi et al., 2007). Although controversial, other autoantibodies
such as anti-HSP65 and anti-oxidized LDL (Shoenfeld et al., 2001; Bassi
et al., 2007) have been suggested to be associated with the development of
atherosclerotic plaque.

5.6 Diagnostic Investigations

Resting and exercise ECG represent standard noninvasive techniques that can
be used to routinely investigate CAD in SLE.

Moreover, several advances in nuclear cardiac imaging have emerged in
the last decades. Thallium-201 scintigraphy was the first technique used for
detecting perfusion abnormalities in SLE patients (Hosepud et al., 1984;
Bruce et al., 2000a,b; Ishida et al., 2000). More recently, the technique of
DIMPI has been introduced, which employs two isotopes: thallium-201 and
technetium 99m sestamibi (Schillaci et al., 1999; Sun et al., 2001). This
technique has several advantages in comparison with thallium scintigraphy
including a better image resolution. However, both thallium scintigraphy and
DIMPI are more sensitive than specific; therefore their results have to be
considered with caution.

Coronary scanning by electron beam CT detects coronary calcification,
which is considered to be a marker of coronary atherosclerosis (Von Felt, 1999).

In some cases angiography can be useful in differentiating coronary
vasculitis from atherosclerosis. In fact, aneurysms and/or rapidly progres-
sive narrowing of coronary arteries, showed by serial angiographies,
although not pathognomonic, support the diagnosis of coronary vasculitis
(Homcy et al., 1982; Englund and Lucas, 1983; Wilson et al., 1992;
Nobrega et al., 1996).

For the investigation of subclinical atherosclerosis, carotid color Doppler
ultrasonography (US) has been widely used (Manzi et al., 1999; Roman et al.,
2001; Svenungsson et al., 2001; Doria et al., 2003; Thompson et al., 2008).
Although carotid US directly investigates only the carotid artery, this tech-
nique provides an accurate measurement of subclinical coronary atheroscle-
rosis (Li et al., 1996).

5.7 Prevention and Treatment of CAD in SLE Patients

Physicians should implement prevention strategies for CAD in SLE patients. It
should include tight management of traditional risk factors as in patients with
diabetes mellitus, treatment with angiotensin-converting enzyme (ACE)
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inhibitors, low-dose aspirin, and hydroxychloroquine, and prompt control of
the underlying disease by using corticosteroid at the lowest effective dosage as
well as steroid-sparing agents (Iaccarino et al., 2013; Benvenuti et al., 2015).

The therapeutical approach to SLE patients with CAD depends on the
nature of the underlining pathological process. If it is due to vasculitis,
corticosteroid therapy at high dosage is recommended (prednisone 1e1.5 mg/
kg/day); if it is due to aPL and/or atherosclerosis, the use of anticoagulation
and/or platelet antiaggregation as well as vasodilator drugs is suggested
(D’Cruz et al., 2001; Kao and Manzi, 2002).

6. CONDUCTION TISSUE INVOLVEMENT

6.1 Prevalence

Sinus tachycardia is the most frequent rhythm abnormality and is quite
common in SLE patients. Atrioventricular block and bundle branch block are
the most common conduction defects; however, they are rare in adult (Logar
et al., 1990; Martinez-Costa et al., 1991; Fonseca et al., 1994; Comı́n-Colet
et al., 2001; Gómez-Barrado et al., 2002, Vereckei et al., 2013). In a pro-
spective study congenital heart block (CHB) occurred in 2% of children born
from mothers with anti-Ro/SSA antibodies (Brucato et al., 2001, 2002).

6.2 Histopathology/Pathogenesis

In about 90% of cases an explaining factor for sinus tachycardia including
fever, volume depletion, congestive failure, perciarditis, myocarditis, thyroid
dysfunction, and others can be found. In case of “unexplained” tachycardia
(10%), it has been hypothesized as an asymptomatic myopericarditis, which
usually respond well to corticosteroid therapy used to treat other disease
manifestations (Lazzerini et al., 2006). It has also been suggested that in some
patients an autonomic dysfunction could account for heart rate variability in
SLE (Hogarth et al., 2002; Shalimar Handa et al., 2006; Stojanovich et al.,
2007; Aydemir et al., 2010; Alam et al., 2015). Conduction defects may result
from different pathological processes leading to structural damage of the
conduction system. Histopathologic studies showed inflammatory abnormal-
ities caused by arteritis or degenerative and necrotic changes due to ischemia.
In both cases small blood vessels and capillaries of nodal and conduction
tissue were involved. Inflammatory and ischemic lesions resulted in fibrous
tissue formation (James et al., 1965; Bulkley and Roberts, 1975; Bharati et al.,
1975). However, conduction defects can also be the result of antimalarial use
(Comı́n-Colet et al., 2001) or simply represent a coexisting idiopathic con-
duction system disease.

The evidence that maternal anti-Ro and anti-La antibodies are important
in the etiopathogenesis of autoimmune CHB is supported by many epide-
miological and clinical studies as well as by a number of in vitro and in vivo
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experimental studies (Ambrosi and Wahren-Herlenius, 2012; Costedoat-
Chalumeau et al., 2013). In a systematic review of 39 retrospective or case-
control studies, it has been found that anti-Ro and/or anti-La antibodies were
detected in 1230 (87%) out of 1416 CHB-affected mothers (Brito-Zerón
et al., 2015).

6.3 Clinical Findings

Signs and symptoms of rhythm and conduction abnormalities depend on the
type of the defect and its severity. However, they are mostly asymptomatic or
may lead to some mild complaints such as palpitation or fatigue. They are
recognized during follow-up clinical examination and/or by routine ECG. In
some cases syncope may occur.

6.4 Diagnostic Investigations

In the case of a patient with rhythm and conduction abnormalities, examina-
tions including 24-h Holter monitoring, echocardiography, cardiac MRI,
electrolyte balance, and thyroid hormonal status should be considered.

6.5 Treatment

Arrhythmia therapy depends on the type of rhythm or conduction abnormality.
Common antiarrhythmic drugs can be used, but in the most severe cases the
implant of a pacemaker is necessary. All potential causes of the rhythm or
conduction abnormality (i.e., pericarditis, myocarditis, cardiac ischemia, thy-
roid dysfunction, fluid depletion, anemia, etc.) have to be identified and
treated.

7. CONCLUSIONS

The heart is frequently affected in SLE and any cardiac tissues can be
involved, including pericardium, myocardium, coronary arteries, valves, and
the conduction system. Nowadays, noninvasive diagnostic tools, such as
echocardiography, and, in selected cases, cardiac MRI are used in the diag-
nostic workup of cardiac involvement in patients with SLE, being sensitive
and specific techniques in detecting almost all cardiac abnormalities.

CAD is common and remains an important cause of mortality in SLE
patients, especially in those with long-standing SLE. Therefore, we should
make any efforts in order to minimize the risk. Indeed, physicians should
tightly manage traditional risk factors as in patients with diabetes mellitus,
using ACE-inhibitors, low-dose aspirin, and hydroxychloroquine as well as
they should control SLE activity by using corticosteroids at the lowest
effective dosage and, if needed, steroid-sparing agents.
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Chapter 12

Cardiac Involvement in the
Antiphospholipid Syndrome

I. Rodriguez-Pintó, G. Espinosa and R. Cervera
Department of Autoimmune Diseases, Hospital Clı́nic, Barcelona, Spain

1. INTRODUCTION

The heart is one of the main target organs in antiphospholipid syndrome
(APS). Cardiac involvement has been found in up to 40% of patients with this
syndrome, but significant morbidity appears in only 4e6% of these patients
(Cervera, 2004). APS cardiac manifestations range from asymptomatic
valvular lesions to life-threating diffuse myocardial microthrombosis
involvement described in catastrophic APS (CAPS) setting (Table 12.1)
(Levine et al., 2002; Cervera et al., 2014). However, the attribution of some of
these clinical manifestations to the APS is still under debate. According to the
largest series on APS published so far, heart valve diseases are the most
common cardiac manifestations followed by myocardial infarcts (Cervera
et al., 2002; Denas et al., 2015). Most of these manifestations could be
explained on the basis of thrombotic lesions either in coronary circulation or

TABLE 12.1 Cardiac Manifestations of

Antiphospholipid Syndrome

Valvular heart disease
Leaflet thickening
Valvular regurgitation
Valve stenosis
Vegetations

Ischemic cardiac disease
Nonischemic cardiac disease

Diastolic dysfunction
Systolic dysfunction

Intracardiac thrombosis
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on the valves while other manifestations may be explained based on the
deposition of immune complexes (Cervera, 2004).

Two different patterns of heart valve disease can be discerned: valve
thickening and dysfunction and valve masses. Valve thickening and regurgi-
tation is the most common abnormalities while one quarter presents valve
masses (vegetations) (Cervera et al., 2011b). According to the international
consensus published in 2006, heart valve disease in patients with
antiphospholipid antibodies (aPL) is defined by the presence of valve lesions
more than 3 mm thick or by localized thickening involving the proximal or
middle portion of the leaflet, and irregular nodules on the atrial face of the
mitral or vascular face of aortic valve in the absence of a history of rheumatic
fever and infective endocarditis (Miyakis et al., 2006). Libman-Sacks endo-
carditis is a sterile mulberry-like cluster of fibro-fibrinous verrucae that
develop anywhere in the endocardial surface but especially in the ventricular
surface of the mitral valve (Libman and Sacks, 1924).

As mentioned before, ischemic cardiac disease has been found to be the
second most prevalent cardiac manifestation of APS. While the exact patho-
physiology of ischemic involvement in APS is not yet clear, systemic lupus
erythematosus (SLE) patients’ ischemic cardiac disease seem to be more often
due to atherosclerosis than due to vasculitis. Additionally, other cardiac ventricle
dysfunctions not clinically related to ischemic events have been found in several
studies although their clinical significance is not yet clear. They havemainly been
found in the diastolic phase of the cardiac cycle and, thus, the name preclinical
diastolic dysfunction has been proposed. Finally, several reports have highlighted
the risk for intracardiac thrombosis in patients with aPL.

This chapter will discuss each cardiac manifestation related to aPL
separately.

2. EPIDEMIOLOGY

2.1 Valve Disease and Libman-Sacks

Several observational studies have described a higher prevalence of valve
abnormalities in APS patients with respect to healthy controls (Brenner et al.,
1991; Cervera et al., 1991; Galve et al., 1992; Badui et al., 1995). However, the
prevalence of valvular abnormalities across different studies is very variable.
Differences between transthoracic (TTE) and transesophagic echocardiography
(TEE) have been pointed as one of the main reasons accounting for them
(Table 12.2). TEE has showed to provide a higher sensitivity to detect valve
abnormalities in primary APS patients than TTE (Cervera et al., 2011a). The
prevalence of valve abnormalities in studies that used transthoracic echocar-
diography ranges from 20% to 65% while those that used TTE found a higher
prevalence from 61% to 84% (Espı́nola-Zavaleta et al., 1999; Zavaleta et al.,
2004; Turiel et al., 2000; Erdogan et al., 2005; Turiel et al., 2005) (seeTable 12.2).
Additionally, although not all of them were able to find statistically significant
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differences, most studies have shown the higher frequency of valve abnormalities
in SLE patients with circulating aPL with respect to those SLE patients without
aPL (Khamashta et al., 1990; Nihoyannopoulos et al., 1990; Leung et al., 1990;
Cervera et al., 1992; Roldan et al., 1992; Jouhikainen et al., 1994; Gabrielli et al.,
1995; Leszczy�nski et al., 2003; Perez-Villa et al., 2005; Roldan et al., 2005, 2007;
Amoroso et al., 2006) (see Table 12.3). Moreover, almost 90% of patients with
SLE and valvular disease have been found to have aPL with respect to 44% of
patients without valvular involvement (Table 12.4).

Fewer studies have addressed directly the prevalence of Libman-Sacks valve
lesions. Verrucous endocarditis was detected in 9% and up to 16% of SLE
patients (Khamashta et al., 1990; Moyssakis et al., 2007; Nihoyannopoulos
et al., 1990). Further the detection of lupus anticoagulant (LA) in SLE patients
has been found to account for a 5.9 relative risk of developing Libman-Sacks
endocarditis in SLE patients (Zuily et al., 2011).

TABLE 12.2 Prevalence of Valvular Abnormalities in Patients With Primary

Antiphospholipid Syndrome (APS)

Study

Study

Type Technique

Primary

APS Controls p

Brenner et al. (1991) CC TTE 11/34
(32%)

1/22
(5%)

0.038

Cervera et al. (1991) CC TTE 21/55
(38%)

2/55
(4%)

<0.001

Galve et al. (1992) CC TTE 10/28
(36%)

0/28
(0%)

0.002

Badui et al. (1995) CC TTE 13/20
(65%)

0/20
(0%)

<0.0001

Garcı́a-Torres et al. T TTE 6/20
(30%)

Espinola-Zavaleta
et al. (1999)

T TEE 22/29
(76%)

Turiel et al. (2000) T TEE 33/40
(82%)

Espinola-Zavaleta
et al. (2006)

T TEE 17/24
(71%)

Erdogan et al. (2005) T TEE 26/31
(84%)

Turiel et al. (2005) Ch TEE 34/56
(61%)

CC, case-control study; Ch, cohort study; T, transversal.
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TABLE 12.3 Prevalence of Valvular Abnormalities in Systemic Lupus Erythematosus (SLE) Patients According to the Presence of

Antiphospholipid Antibodies (aPL)

Author (Year) Study Type Tech.

SLE

Controls paPL þve aPL eve

Khamashta et al. (1990) CC/Ch TTE 30/132 (22.7%) 2/68 (2.9%) <0.001

1/50 (1.2%) 10/82 (12%) <0.001

Nihoyannopoulos et al. (1990) T TTE 26/93 (28%) 4/40

20/50 (40%) 6/43 (14%) <0.0001

Leung et al. (1990) CC TTE NS NS <0.001

(70%) (8%) <0.005

Cervera et al. (1992) CC TTE 31/70 (44%) 2/40 (5%) <0.001

15/23 (65%) 16/47 (34%) <0.03

Roldan et al. (1992) CC TTE 40/54 (74%) 8/35 (23%) <0.001

17/22 (77%) 23/32 (72%) 0.92

Jouhikainen et al. (1994) Ch TTE 5/74 (7%)

5/37 (14%) 0/37 (0%) <0.057

Gabrielli et al. (1995) CC TTE 15/39 (38%) 0/20 (0%) 0.001

11/27 (41%) 4/12 (33%) 0.91
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Leszczy�nski et al. (2003) CC TTE 18/52 (34.6%) 2/34 (5.9% <0.05

14/28 (50%) 4/24 (17%) <0.05

Perez-Villa et al. (2005) a CC/Ch TTE 24/61 (39%) 2/40 (5%) <0.01

6/7 (86%) 17/52 (33%) 0.01

Roldan et al. (2005) T TEE 28/37 (76%)

13/16 (81%) 15/21 (71%) 0.68

Amoroso et al. (2006) CC TTE 19/34 (56%) 1/34 (3%) <0.001

69.6% 27.3% NS

Farzaneh-Far et al. (2006) b T TTE 13/200

6/42 (14%) 7/158 (4%) 0.02

Roldan et al. (2007) T TEE 38/69 (55%)

31/46 (67%) 7/23 (30%) 0.008

All studies using TTE 131/300 (44%) 120/488 (25%) <0.0005

All studies using TEE 30/50 (60%) 26/41 (63%) 0.9

aPL, antiphospholipid antibodies; aPL þve, patients with aPL; aPL eve, patients without aPL; CC, case-control; Ch, cohort; NS, not specified; NSig, not significant;
T, transversal; Tech., technique.
aData are referred as severe valvular regurgitation.
bData are referred as moderate to severe mitral regurgitation.
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TABLE 12.4 Prevalence of Valve Abnormalities in Systemic Lupus Erythematosus (SLE), SLE Associated to Antiphospholipid

Syndrome (APS), SLE With Antiphospholipid Antibodies (aPL), SLE Without aPL, and Primary Antiphospholipid Syndrome

(PAPS) Patients

Study Tech.

SLE

PAPS Healthy PAPS aPL þve aPL eve

Roldan et al. (1992) CC TEE 17/40 (77%) 3/10 (30%) 8/35 (23%) <0.001

- 17/22 (77%) 23/32 (72%) NS

Gleason et al. (1993) CC NS 8/20 (40%) 6/10 (60%) /20 NS

- - -

Vianna et al. (1994) NS -/56 -/58 - <0.001

- - -

Gabrielli et al. (1995) CC NS 15/39 (38%)0 0/20 0/20 0.001

- 11/27 (41%) 4/12 (33%) NS

Krause et al. (2005) T NS - 29/159 (18%) - 0.009

27/97 (28%) -

Pardos-Gea et al. (2010) Ch TTE - 19/34 (56) - 0.82

10/19 (52) - -

Kampolis et al. (2014) Ch TEE 23/65 (35%) 9/17 (53%) - NS

7/23 (30%) 8/19 (42%) 8/23 (35%) NS

CC, case-control study; Ch, cohort study; NS, not specified; NSig, not significant; S, series.
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2.2 Ischemic Cardiomyopathy

According to the Euro-phospholipid cohort, myocardial infarction is diag-
nosed in 5.5% of APS patients and is the presenting manifestation in up to
2.8% of patients (Cervera et al., 2002). Ten-year follow-up of the Euro-
phospholipid cohort found an incidence of 180e190 patients/100,000 pa-
tients/year (Cervera et al., 2015; Cervera et al., 2009b). Most authors
recognize a higher incidence of ischemic cardiomyopathy in APS patients
despite the same cardiovascular risk when assessed by traditional Framing-
ham risk factors (Sacré et al., 2010). However, others argue that the asso-
ciation of aPL and myocardial infarct is controversial since, although
anticardiolipin antibodies (aCL) are found in 5e15% of patients with
myocardial infarction and increases up to 21% of patients under 45 years old
(Cuadrado and Hughes, 2001; Hamsten et al., 1986), not all studies were able
to find an association between aCL and myocardial infarction (Sletnes et al.,
1992). Further, aCL were not found to be predictors of mortality nor recur-
rent infarcts in survivors of myocardial infarcts (Sletnes et al., 1992).
Nevertheless, the lack of association in this case might be attributed to an
incomplete assessment of aPL profile since other authors did report an
increased risk of myocardial infarct in patients with lupus anticoagulant
(Petri, 2004). Anyhow, considering the low sensitivity of clinical symptoms
and Q waves on electrocardiography for diagnosis of myocardial infarction,
the true frequency might be higher because when myocardial ischemia is
assessed with very sensitive techniques as high as 30% can be proved (Sacré
et al., 2010). Moreover, cardiac involvement is described in up to 50% of
cases with CAPS where several organs are affected at the same time due to
widespread microthrombosis (Cervera, unpublished data) (Rodrı́guez-Pintó
et al., 2015).

Additionally, some studies indicate a relation between a faster athero-
sclerosis evolution and the presence of aPL (Ames et al., 2009a,b).

2.3 Nonischemic Ventricular Dysfunction

Limited data have been published regarding ventricular dysfunction not
attributable to valvular disease in APS patients. The few case-control and
cohort studies published agree that systolic left ventricular function remains
preserved in APS patients without ischemic cardiomyopathy; however, a
higher prevalence of left ventricular diastolic dysfunction was found in some
studies (Pardos-Gea et al., 2013; Kampolis et al., 2014; Hasnie et al., 1995).
Diastolic dysfunction is reported in up to 22.6% of patients while left ventricle
hypertrophy was shown in up to 18% (Pardos-Gea et al., 2013).

Some studies reported a higher prevalence of right ventricular diastolic
dysfunction although its relation to pulmonary hypertension secondary to
previous thromboembolic disease is not yet clear because routine
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catheterization was not undertaken (Pardos-Gea et al., 2013; Coudray et al.,
1995). No difference has been found in right ventricular systolic function in
APS patients (Kampolis et al., 2014).

2.4 Intracardiac Thrombus

Intracardiac thrombosis is a very rare event. There is very scarce data
regarding the epidemiology of intracardiac thrombosis in APS. Only 0.4%
of cases with APS from the 1000 patients with APS reported intracardiac
thrombosis (Cervera et al., 2002). Pardos-Gea et al. (2013) were able to find a
single case of intracardiac thrombosis in a cohort of 53 cases of APS patients
observed during 10 years corresponding to a 1.8%; however, the low number
of cases precludes the study to find any statistical difference from the controls.
Further, this patient developed a cancer and died. The rarity of this presen-
tation makes difficult to understand the relationship between intracardiac
thrombosis and APS. However, APS was the only explanation for 2.2%
of cases with an intracardiac thrombosis found in a series of autopsies
(Vaideeswar et al., 2012).

3. PATHOPHYSIOLOGY

3.1 Valve Disease and Libman-Sacks Endocarditis

The pathophysiology and the role of aPL in APS valvular heart diseases is not
yet clear. Some authors support that valve thickening and vegetation reflect the
same pathological process while other suggest to differentiate between
noninflammatory and inflammatory valvulopathy (Amigo and Garcı́a-Torres,
2000). Indeed, nonbacterial vegetations may be found combined with valve
thickening (Turiel et al., 2000; Espı́nola-Zavaleta et al., 1999). Some authors
agree that a continuous progression takes place in APS valvular heart disease.
In this sense, vegetations may eventually heal with a fibrous plaque, some-
times with focal calcification, scarring, and deformity leading to valve
dysfunction. Valve thickening might represent an early stage of valve disease
that sometimes might evolve into severe inflammation.

Macroscopic evaluation of valves shows thickened valves with a rough
surface, verrucous thrombosis, and commissural fusions while microscopic
evaluation shows recent and old lesions (Garcı́a-Torres et al., 1996). Histologic
evaluation of recent lesion shows intravalvular capillary thrombosis with
hemorrhages and necrosis with laminar and verrucous thrombosis while old
lesions show nodular and laminar fibrosis with vascular hyperplasia and
proliferation with focal calcifications (Ford et al., 1989; Ziporen et al., 1996;
Garcı́a-Torres et al., 1996). Inmunohistological evaluation observed aCL
deposits along the leaflets or cusps surface together with granular complement
deposition suggesting immune complex deposition (Ziporen et al., 1996;
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Shapiro et al., 1977; Garcı́a-Torres et al., 1996). Inflammatory infiltrate is
scanty on microscopical examination (Afek et al., 1999). These observations
support the hypothesis reported by Amigo et al., which proposes that valve
endocardial interaction with circulating aPL leads to valvular endocardial
damage resulting in thrombosis and subendocardial fibroblastic infiltration.
Otherwise, intravalvular immune complex deposition would lead to intra-
capillary thrombosis, edema and hemorrhages with necrosis, and fibroblast
infiltration and valvular retraction. Both pathways would lead to fibrosis,
scarring, focal calcification, deformities, and finally to subsequent valve
dysfunction (Amigo and Garcı́a-Torres, 2000).

3.2 Ischemic Cardiomyopathy

An increased thrombotic risk is well known in patients with APS. aPL are
both diagnostic markers and pathogenic drivers of the syndrome (Meroni
et al., 2011). However, no more than 15% of general population patients with
aPL develop thrombosis (Ortega-Hernandez et al., 2009). This observation
led to propose the requirement of a “second hit” to explain the only occa-
sionally clinical observation of thrombotic events in patients with circulating
aPL (Shoenfeld et al., 2009). In this hypothesis, a “first hit” would induce a
thrombophilic state but clotting would only take place in the presence of a
second event. This “second event” (or “second hit”) would be another
thrombophilic condition that increases the risk of a clot formation. In these
sense, the presence of an environmental trigger as a “second hit” has been
reported in more than half of cases of CAPS (Cervera et al., 2009a,b).
Several authors showed the binding of aPL to toll-like and annexin V re-
ceptors in the cell membrane (Pierangeli et al., 2007; Raschi et al., 2008; Xie
et al., 2014). This interaction engages intracellular mediators as nuclear
factor kappa B and mTORC, the mammalian target of rapamycin, leading to
prothrombotic endothelial changes that might involve a disturbance in the
redox balance (Eikelboom and Weitz, 2014; Giannakopoulos and Krilis,
2013; Poulton et al., 2012). The second hit that led to a thrombotic event has
been less clearly identified; however, up to 50% of cases with CAPS event
and an identified trigger, it is an infectious microrganism (Cervera et al.,
2009a,b).

Furthermore, some studies suggested that APS may result in early
atherosclerosis (Petri, 2000; Barón et al., 2005). However, although a clear
relationship between SLE and preclinical and clinical atherosclerosis is
accepted, the association of aPL with atherosclerosis is not yet that clear (Petri,
2004; Roman et al., 2003; Asanuma et al., 2003; Ames et al., 2009a,b). An
increase in traditional risk factors and risk factors associated to the disease
have been proposed to account of an increase of atherosclerotic risk in APS
patients (Ames et al., 2009a,b). Nevertheless, some evidence point in this
direction. Ames et al. found a direct relation between IgG aCL titter and
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carotid intimal-medial thickness (IMT) suggesting an early accelerated
atherosclerosis in APS patients (Ames et al., 2009a,b; Ambrosino et al., 2014).
Further, anti-b2 glycoprotein I (anti-b2 GPI) antibodies have been found to
block the reduction of oxidized LDL (oxLDL) intake by macrophages in the
vessel wall drove by b2- gycoprotein I (Matsuura and Koike, 2000). Thus, aPL
seem to increase macrophages oxLDL uptake leading to accelerated athero-
sclerosis. Further, anti-b2 GPI have been found in atheroma plaques from
endarterectomy samples, and an increase of homocysteine in APS patients has
been correlated with an accelerated atherosclerosis as assessed by the IMT
(George et al., 1999; Ames et al., 2002).

3.3 Nonischemic Ventricular Dysfunction

The pathogenesis of nonischemic ventricular dysfunction is unclear. Some
authors have related circulating antibodies to the development of left
ventricular myocardial hypertrophy and dysfunction (Leung et al., 1990). In
these sense, some authors proposed ischemic myocardial injury and myocar-
dial fibrosis to be responsible for a left ventricular compliance decrease
leading to an impaired left ventricular relaxation and filling (Hasnie et al.,
1995; Tektonidou et al., 2001). However, Pardos-gea et al., in a study where
they found a higher prevalence of left ventricle hypertrophy, rose the
hypothesis of an impairment in left ventricle filling related to hypertension
secondary to an accelerated atherosclerosis (Pardos-Gea et al., 2013). Indeed,
accelerate atherosclerosis is a known phenomenon in inflammatory and
specially in autoimmune disease although its relation to APS is not that clear
(Hollan et al., 2013). In this sense, diastolic dysfunction has been linked to the
association of APS to SLE and specially to SLE activity (Roman et al., 2001;
Paran et al., 2007). However, other studies found no association between left
ventricular diastolic dysfunction and hypertension (Hasnie et al., 1995;
Kampolis et al., 2014; Coudray et al., 1995). Others found even worst diastolic
function in patients with primary APS with respect to those with APS
associated to SLE; yet, differences in age and hypertension prevalence might
have acted as confounders in this study (Hasnie et al., 1995). Anyhow, the
physiological hallmarks of left ventricle diastolic dysfunction are impaired
relaxation, loss of restoring forces, reduced diastolic compliance and an
elevated left ventricle filling pressure.

Although rare, left ventricle systolic dysfunction due to myocardial
thrombotic microangiopathy in cases of catastrophic APS has been reported
(Cervera et al., 2014). Nevertheless, more frequently, a complete workup in
patients with left ventricle systolic dysfunction leads to valvulopathy or
atherosclerotic coronary artery disease as the main reason that leads to left
ventricular dilated myocardiopathy and systolic dysfunction (Pardos-Gea
et al., 2013) (see below the discussion on the differential diagnosis of ischemic
cardiomyopathy).
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Finally, other authors have attributed right ventricular dysfunction to
pulmonary artery hypertension secondary to chronic thromboembolic disease
or to myocardial ischemia (Tektonidou et al., 2001).

3.4 Intracardiac Thrombus

The pathophysiology of intracardiac thrombosis is unknown. Partially because
the infrequency of intracardiac thrombosis in APS patients precludes any
mechanistic study on this clinical manifestation. However, an intravascular
thrombophilic environment related to the contact of circulating aPL antibodies
with the endothelial surface has been proposed as the probable trigger.

4. CLINICAL MANIFESTATIONS

4.1 Valve Disease

Valve heart disease in APS vary from minimal thickening and regurgitation to
severe deformity and valvular dysfunction. Left-sided valves, and specially the
mitral valve, are the most frequently involved (Cervera et al., 2011b). Regur-
gitation is more commonly found than stenosis (Zuily et al., 2011). Generally,
mitral affection leads to regurgitation with minor hemodynamic significance
(Brenner et al., 1991; Espı́nola-Zavaleta et al., 1999). However, Turiel et al.
showed progression or new valves involvement in up to 36% of patients with
primary APS and found high IgG aCL to be an independent risk factor for new
and progressive valve abnormalities (Turiel et al., 2005). Perez-Villa et al.
(2005) demonstrated an increase in frequency of mitral regurgitation in up to
20% of patients with SLE after an 8-year follow-up and an increase of 19% of
cases with mitral valve thickening. Conversely, Pardos-Gea et al. (2010) found
that up to 93% of patients with APS and thrombosis with valvulopathy remained
stable after 10-year follow-up and only 8%, from those without valvulopathy at
the initial evaluation, developed valve defects. Thus, it seems that there is no
way to predict which lesions will continue stable over time and which will
worsen or improve to disappear (Cervera et al., 1992). Severe valve disease
worsening might lead to heart failure with dyspnea, orthopnea and nocturnal
cough, or paroxysmal nocturnal dyspnea episodes requiring valve replacement
(Espı́nola-Zavaleta et al., 1999; Zavaleta et al., 2004; Turiel et al., 2000, 2005).

However, heart valve disease is important not only because of valve
dysfunction and its hemodynamic consequences but also because it is related
to other clinical manifestations like stroke, epilepsy, migraine, or livedo
reticularis (Cervera et al., 1991; Pardos-Gea et al., 2010). An increased risk of
arterial thrombosis and specially of cerebrovascular ischemic events has been
found in APS patients with heart valve disease (Pardos-Gea et al., 2010;
Krause et al., 2005). Other authors described uncommon complications
including infective endocarditis and pseudoinfective endocarditis (Asherson
and Cervera, 1991).
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4.2 Libman-Sacks Endocarditis

Usually, Libman-Sacks endocarditis has no hemodynamic significance
initially, but hemodynamic instability might develop over time requiring valve
replacement (Moyssakis et al., 2007). Libman-Sacks endocarditis might
progress to mitral regurgitation or stenosis with regurgitation leading to hear
failure. Some patients present aortic involvement with aortic regurgitation,
stenosis, or both while tricuspid involvement is rare, although it has been
reported (Moyssakis et al., 2007). A significant association was found between
Libman-Sacks endocarditis and disease duration, the presence of aCL, and
thrombocytopenia in SLE patients (Moyssakis et al., 2007).

Thromboembolic events remain the major fear for patients with Libman-
Sacks endocarditis. The brain is the most frequent embolic target. Some
patients with Libman-Sacks endocarditis might present like an infective
endocarditis, the so-called pseudoendocarditis, with fever, splinter hemor-
rhages, cardiac murmurs with echocardiographic evidence of valve vegeta-
tions, moderate to high levels of aPL, and repeated negative blood cultures
(Font et al., 1991).

4.3 Ischemic Cardiomyopathy

Cardiac ischemic disease might present with a wide spectrum of clinical
manifestations from asymptomatic myocardial lesions to sudden death. Chest
pain is the most frequent clinical presentation of patients with coronary
insufficiency while others might present other more unspecific complaints like
dyspnea or palpitations.

Acute large cardiac infarcts or small diffuse coronary occlusions and those
affecting valvular function might lead to left ventricular systolic dysfunction
or right heart failure. Patients might present with edema, orthopnea or severe
dyspnea, and respiratory insufficiency requiring immediate ventilation
support. Other patients present with ventricular arrhythmias and require
pharmacologic or electric cardioversion. Acute cardiac collapse (often
together with respiratory decompensation) is frequent in patients with the
catastrophic APS and is one of the most common causes of death in this group
of patients (Bucciarelli et al., 2006).

Chronic small vascular occlusion might be responsible for diffuse
myocardial systolic dysfunction finally leading to a dilated myocardiopathy
(Lauwerys et al., 2001). Dilated myocardiopathy might evolve to a chronic
cardiac inefficiency with dyspnea or chronic cough specially when lying down.

4.4 Nonischemic Ventricular Dysfunction

Left ventricular hypertrophy as left ventricular diastolic dysfunction are car-
diac manifestations usually not related to symptomatic manifestations (Paran

306 The Heart in Systemic Autoimmune Diseases



et al., 2007). However, ventricular dysfunction associated or not associated to
left ventricular hypertrophy might progress to clinical chronic heart failure in
some patients. Right ventricular function seems to become worse over time;
however, most patients remain asymptomatic. Rarely, some patients might
evolve and develop limbs edema, pleural effusion, and liver congestion, or
even ascites.

4.5 Intracardiac Thrombus

Although intracardiac thrombosis is often an unexpected finding during an
echocardiography requested due to other reasons, sometimes it is the only
finding to explain systemic or pulmonary embolic disease (Abanador-Kamper
et al., 2012; Mottram and Gelman, 2002). Rarely, some patients might present
with fever or chest pain. Unfortunately, most published cases account for
tragic situations where patients presented with systemic emboli to their
physician or to the emergency room. In these cases, intracardiac thrombosis
are found when looking for an embolic source. Usually, embolic clinical
manifestations take place as ischemic stroke. However, although thrombus
might form in any heart cavity some authors reported that they are most
usually found on the right side. However, this finding could be explained by an
underdetection of lung embolisms or lower embolic risk of the right side
thrombosis possibly due to lower shear hemodynamic forces on the right heart
side (Weiss et al., 2008).

5. DIAGNOSTIC PROCEDURES

5.1 Valve Disease and Libman-Sacks Endocarditis

Echocardiography is the main tool for cardiac valve evaluation in APS
patients. It gives valuable information on heat function and valvular involve-
ment. Additionally, echocardiography is inexpensive and widely available.
However, its operator-dependent nature limits its reproducibility and trans-
thoracic echocardiography might not be appropriate for some obese or
emphysematous patients with a poor acoustic window. TTE is more specific
but more sensible than transthoracic echocardiography, especially when
evaluating the left side valves. However, TTE might result in higher frequency
of nonspecific valvular thickenings detection (Roldan et al., 2008; Cervera
et al., 2011a). An initial echocardiography in all APS patients is recommended
at the time of diagnosis, especially after an arterial thrombosis has been
diagnosed (Cervera et al., 2011a). Generally, a double step process is imple-
mented. Transthoracic evaluation is first used due to its noninvasive nature as a
first screening tool. When a clinically significant valve dysfunction is found in
transthoracic echocardiography, transesophagic evaluation is then undertaken.
If valves are normal, serial echocardiographic controls are not recommended
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while periodic echocardiographic evaluation are warranted in patients with
valvular abnormalities to follow functional changes that may require surgery
(Perez-Villa et al., 2005).

Recently, valvular heart disease evaluation by cardiac magnetic resonance
(CMR) has been proposed, especially when echocardiography imaging is not
possible particularly for surgical decision making (Reddy et al., 2013).
However, to the best of our knowledge, this technique has not yet been
validated in APS patients.

5.2 Ischemic Cardiomyopathy

Coronary insufficiency is generally diagnosed by electrocardiography per-
formed during chest pain while elevation of circulating serum troponin levels
reveals myocardial injury. Unstable angina is usually studied by coronarog-
raphy. Angiographic studies provide a morphologic evaluation of coronary
arteries and permits the differential diagnosis between coronary disease related
to atherosclerosis and thrombosis triggered directly by aPL. Stable angina may
be diagnosed by stress tests either by conventional exercise testing or stress
echocardiography or SPECT when there is a left bundle branch block or a
limitation to perform enough effort. However, stable angina does not seem to
be more frequent in APS patients than in the general population. A high degree
of agreement was found between contrast echocardiography and nuclear im-
aging for assessment of myocardial perfusion defects in patients with APS
(Espinola-Zavaleta et al., 2006). Some studies point to the availability of PET
scan to detect myocardial perfusion defects in patients with APS, although its
role in APS assessment is still a matter of debate (Alexánderson et al., 2008).
Additionally, CMR has been found to provide a high sensitivity to detect
asymptomatic myocardial infarcts in patients with APS that are detected
neither by electrocardiography nor by echocardiography, as characterized by
late gadolinium enhancement, although their clinical significances are not yet
clear (Sacré et al., 2010).

Routine testing for aPL in myocardial infarct patients is not recom-
mended; however, testing should be considered in young patients with cor-
onary artery disease and no other risk factors, family history, or recreational
drug abuse.

5.3 Nonischemic Ventricular Dysfunction

Left and right ventricle systolic function are usually assessed by direct
echographie observation of cardiac contraction. However, left ventricular is
then objectivized by one of the several different echocardiographic techniques
to assess the left ventricular ejection fraction (usually by volume or short axis
dimensions change) (Lang et al., 2015). The tricuspid annular plane systolic
excursion as assessed by M-mode is generally measured to evaluate right
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ventricle function although other measures are sometimes used. Whereas left
ventricle systolic function is routinely quantified by measuring ejection frac-
tion there is not a single clinical measure that quantifies left ventricle diastolic
function. Instead a high number of indexes based on cardiac imaging have
been used to determine if diastolic function is normal or impaired. Transmitral
velocity curves reflect the relative pressure gradients between the left atrium
and the ventricle throughout the diastole. They are influenced by ventricular
relaxation, ventricle compliance, and their driving forces. Early (E) and late or
atrial (A) peak filling velocities and their relation reflect ventricular diastolic
function. A decrease in peak early filling velocity with a prolonged deceleration
time and a compensatory increase in flow during atrial contraction (A wave) is
best explained by an impairment in left ventricle relaxation in its early phase.
Compensatory left atrial pressure increase in order to maintain left ventricle
filling results in a higher early trasmitral velocity (E wave) leading to a normal
E/A ratio typical of a progressed diastolic disease (pseudonormal pattern)
(Maragiannis and Nagueh, 2015). In summary, impairment of diastolic function
can be detected noninvasively in clinical routine practice by measuring
transmitral filling pattern. Tissue Doppler echocardiography provides further
information on the heart diastolic function by measuring the velocity of
myocardial motion (Boyd et al., 2015). Recently, some studies point to the
possible utility of stress echocardiography to unmask hidden diastolic
dysfunction although they have not been used in APS patients and their clinical
utility has not been established.

5.4 Intracardiac Thrombus

Intracardiac masses can be visualized on 2D echocardiography, provided that
image quality is adequate. Intracardiac thrombosis is often first found by
transthoracic echocardiography performed for other reasons. Thrombus
mobility is predictive of embolic vents. Often, a TTE is then performed
specially in myocardial masses under 1 cm in diameter in order to obtain
further details regarding the anatomy and nature of intracardiac mass. A
sensitivity as high as 86e95% has been found for transthoracic echocardi-
ography for left ventricular thrombosis although a higher sensitivity is
attributed tranesophagic echocardiography when thrombus is placed in the
atrium or the left appendage where transthoracic echocardiography has a low
sensitivity (39e63%) (Shrestha et al., 1983; Manning, 1995). However, when
doubts still persist about the nature of an intracardiac mass, cardiac computed
tomography or CMR scan can be undertaken providing a high predictive value
for the detection of auricular thrombi (Hur et al., 2013). Indeed, contrast-
enhanced cardiac resonance is now known to provide the highest sensitivity
and specificity for left ventricle thrombi detection (Srichai et al., 2006).
Additionally, CMR may predict the risk of embolism based on the thrombi
organization (Barkhausen et al., 2012). Unfortunately, CMR is expensive and
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not widely available. Further, CMR cannot be performed in patients with
metallic devices and might be not possible in patients with arrhythmias or with
a limited respiratory reserve.

6. DIFFERENTIAL DIAGNOSIS

6.1 Valve Disease and Libman-Sacks Endocarditis

Valvular morphological pattern and clinical picture should base the differential
diagnosis approach. In these sense two distinct scenarios of valve abnormal-
ities can be distinguished: valve thickening and valve vegetations.

6.2 Valve Heart Disease

The differential diagnosis of valve heart disease in APS should include
rheumatic heart disease, valvular aging as so as other less frequent valvular
heat diseases like drug-induced valve disease, and collagen or glycogen
storage diseases. Notable morphologic differences have been noted between
rheumatic and APS-related valve heart disease by echocardiography. In these
sense, subvalvular apparatus chordal structures thickening is typically seen in
rheumatic valvular disease and is rare in APS. Rheumatic disease character-
istically progresses from the free margins toward the leaflet bases. Leaflet tips
and chordal thickening and calcification are prominent and often seen in these
cases while APS valve disease is generally diffuse starting from the mid-
portion or base to spread out (Roldan et al., 1992). Additionally, chordae
tendineae involvement is rare in APS. Rarely, some drugs like ergot-derived
dopamine agonists used to treat prolactin-secreting tumors and pergolide,
formerly used to treat Parkinson disease, as so as recreational amphetaminic
drugs, might induce valve thickening although in that case usually tendinous
chords are involved and shortened but without valvular calcifications or
commissural fusion (Cosyns et al., 2013; Bhattacharyya et al., 2009). Addi-
tionally, when mitral valve involvement is hemodynamically linked to mitral
stenosis nonrheumatic mitral annular calcification should be included in the
differential diagnosis especially in patients above 50 years old. Bicuspid aortic
valve, aortic root dilatation, ankylosing spondylitis, and systemic hypertension
should be included in the differential diagnosis when aortic valve is the main
valve affected, although most anamnesis and echocardiographic findings can
rule out most cases (Reményi et al., 2012).

6.3 Libman-Sacks Endocarditis

The differential diagnosis of verrucous endocarditis in the setting of APS
classically includes infective endocarditis and rheumatic disease although
probably other clinical situations like marantic endocarditis (or cancer-related
nonbacterial endocarditis), intracardiac thrombosis, chordae tendineae rupture,
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valvular sclerosis, mixoide valve degeneration, cardiac tumors, and rheuma-
toid nodules as so as Lambl’s excrescences (small filiform images at the free
edge of aortic cusps) should be taken into account (Gonzalez and Evangelista,
2011). Additionally, hypermobile Chiari net or a prominent Eustachian valve
might cause some confusion when assessing the right side valves (Asherson
et al., 1988; Gonzalez and Evangelista, 2011). However, several important
features might help in the differential diagnosis.

The differential diagnosis with infectious endocarditis typically arises
when patients present fever while infectious endocarditis without fever is
rare. Further, in infectious endocarditis generally a bacteria growth can be
proved in blood cultures sometimes; however, no microorganism can be
demonstrated from blood cultures especially in patients to whom antibiotics
have been prescribed (Gonzalez and Evangelista, 2011). Anyhow, patients
with negative blood cultures who fulfill the Dukes criteria for a probable
infectious endocarditis should undergo an accurate workup with serology
tests and molecular biology techniques to rule out infective endocarditis as
detailed elsewhere, because infectious endocarditis still is the most probable
diagnosis (Fournier et al., 2010; Gonzalez and Evangelista, 2011). Infectious
endocarditis often evolves rapidly to valve perforation or dysfunction leading
to heart failure or acute pulmonary edema. Further, infectious endocarditis
tends to form abscess resulting in rhythm abnormalities while Libman-Sacks
endocarditis do not do so. Vegetations in the setting of Libman-Sacks are
morphologically sessile, oval or tubular or coalescent in shape, nodular or
protuberant, heterogeneously or homogeneously echoreflectant, and are
predominantly located on the leaflets coaptation point but frequently
extending through the leaflets into the opposite. Contrariwise, infectious
vegetations are highly mobile and are attached to the valve through a narrow
base (Roldan et al., 2015).

Rarely, Libman-Sacks endocarditis, especially in the setting of SLE, might
present with clinical features of pseudoinfective endocarditis (fever, cardiac
murmur, vegetations, splinter hemorrhages, and serological evidence of lupus
activity). However, several clinical and serological features might distinguish
both clinical pictures (Asherson and Cervera, 1991). To start with, white cell
count is usually high in infective endocarditis while a low white cell count
points to lupus activity. Additionally, autoimmune disease activity does not
usually increase C-reactive protein or procalcitonin levels and, thus, elevated
levels of these serum markers should point to the infectious origin of the
clinical picture. To end with, although aPL might be found positive in up to
14% of patients with infective endocarditis their titters are usually low
(Asherson et al., 1990; Kupferwasser et al., 1999).

Additionally, when there are doubts between Libman-Sacks endocarditis
and morphologic normality variants or intracardiac tumors, CMR might
provide a complementary view of the lesions and might distinguish between
them (Dursun et al., 2015; Gaudio et al., 2004; Patel et al., 2016).
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Up to 19% of patients with known malignancy might develop nonbacterial
thrombotic endocarditis from whom 24% develop thrombotic phenomena
(Edoute et al., 1997). The most frequent malignancies are adenocarcinomas
(pulmonary or pancreatic) or hematologic neoplasia while carcinoid tumors
tend to affect the right side valves (Edoute et al., 1997). Although the presence
of circulating aPL might be detected in oncologic patients they are usually
found in low titters (Font et al., 2011). A difficult unsolved situation might
appear when patents with APS develop a malignancy and a vegetation is found
in an echocardiography performed for other reason.

Finally, a cut-off of more than 3 mm in diameter is generally adopted to
prevent misinterpretation of Lambl’s excrescences as vegetations because they
are usually thin (less � 2 mm) and elongated (>5 mm in length).

6.4 Ischemic Cardiomyopathy

Conditions that should always be considered in the differential diagnosis of
patients with acute chest pain include life-threatening conditions like aortic
dissection, pulmonary embolism, and pneumothorax notwithstanding peri-
cardic and musculoskeletal problems. Chest X-ray is recommended in patients
to detect pneumonia, pneumothorax, rib fracture, or other thoracic disorders
(Roffi et al., 2015). For patients with established ischemic cardiac disease
angiographic studies usually provide information on the nature of coronary
disease distinguishing patient with atherosclerotic coronary disease and those
patients without. When no atherosclerotic disease is detected, sometimes ECG
may be able to capture ST-shifts during and after chest pain indicating
Prinzmetal angina (Task Force Members et al., 2013). Sometimes stress test
result indicative of myocardial ischemia by coronary angiography do not show
any abnormality, then primary microvascular disease such as that seen in aortic
stenosis and hypertrophic cardiomyopathy should be suspected. Finally, the
differential diagnosis workup should include other inherited thrombophilic
disease specially activated protein C resistance or factor V Leiden, protein C
or S deficiency, and factor XII deficiency (Pasupathy et al., 2015). Addition-
ally, some authors have reported some cases of coronary arteritis although this
is a rare event.

6.5 Nonischemic Ventricular Dysfunction

Although, ventricular dysfunction has been described in APS patients, other
reasons should be ruled out. In these instances ventricular dysfunction related to
other primary causes should be suspected. Initially by basic anamnesis and
exploratory workup but even when this reason is not apparent some further
studies are warranted. Diastolic dysfunction related to aging is the first
differential diagnosis. Later, unapparent hypertension might be found some-
times related to an undiagnosed obstructive sleep apnea-hypoapnea syndrome.
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Obstructive heart disease is usually apparent by echocardiography. Asymmetric
myocardial hypertrophy should lead to suspect inborn myocardial disease.

6.6 Intracardiac Thrombus

Suspected cardiac masses may be benign, malign, or ultimately found to be
artifacts. In patients with APS an echo-dense mass attached to the valve
leaftlets caution should be taken not to mistake a verrucous endocarditis. Often
a transesophageal is performed in order to best assess intracardiac abnormality.
Solid masses appear as echo-dense structures inside the cardiac chambers or
infiltrating the myocardium while atrial myxoma are well-circumscribed
mobile not calcified masses attached to the atrial septum (Gertner and
Leatherman, 1992). When echocardiography is inconclusive CMR might assist
in the differential diagnosis between thrombosis and tumoral masses because
while tumors enhance when gadolinium is administered, intracardiac throm-
bosis does not (Erkan et al., 2002). Further, on CMR evaluation, fresh
thrombus show high intensity whereas old clot has low signal intensity. These
differences allow thrombus aging that has important consequences in order to
determinate the more appropriate therapeutic approach. Anyhow, detection of
intracardiac thrombi without apparent explanation warrants aPL testing
(Miyakis et al., 2006).

7. TREATMENT

7.1 Valve Disease and Libman-Sacks Endocarditis

Unfortunately, no therapeutic randomized trials have been undertaken to
evaluate the role of treatment in heart valve disease. Although different
pathophysiology pathways are suspected to lead to valve heart disease or valve
vegetation respectively, treatment results are not distinguished in most publi-
cations. Observational studies could find neither anticoagulants nor anti-
aggregation to be able to reverse established valvular lesions or prevent their
appearance (Espı́nola-Zavaleta et al., 1999; Zavaleta et al., 2004; Kampolis
et al., 2014). However, a consensus international committee on occasion of the
10th International Congress on aPL recommended anticoagulation with
warfarin/heparin for patients with vavulopathy who have had evidence of
thromboembolic diseases based on the premise that valve lesion might serve as
a substrate for embolism (Lockshin et al., 2003). Prophylactic antiplatelet
treatment was suggested by the committee members for asymptomatic APS
patients with valvular lesions (Lockshin et al., 2003). Finally, although case
reports pointed to a possible efficacy of corticosteroid therapy in APS patients
with heart valvular disease (Nesher et al., 1997), follow-up studies show
clinical effects of neither corticosteroids nor immunosuppression treatment
and, thus, no consensus was achieved by the international committee.
Nowadays, the role of steroids in the treatment of APS valve disease is
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uncertain (Kampolis et al., 2014; Erkan et al., 2012). Therefore, distinguishing
among reversible valve deformity, irreversible cicatricial valve deformity, and
vegetations is suggested when considering treatment in heart valve disease in
APS (Lockshin et al., 2003). Patients with APS and valve lesions do not
require infective endocarditis prophylaxis (Habib et al., 2009).

Although, only 4e6% of patients with valvular disease develop severe
dysfunction, valve replacement surgery should be considered in patients with
severe valvulopathy. Data on long-term outcome after surgery are scarce.
Heart valve surgery in patients with APS carries a considerable morbidity and
mortality specially due to thromboembolic complications. Thus, a careful
anticoagulation monitoring is warranted to avoid frequent hemorrhagic and
thrombotic complications after surgery.

7.2 Ischemic Cardiomyopathy

Aggressive treatment of all traditional risk factors for atherosclerosis (hyper-
tension, hypercholesterolemia, smoking) is recommended. Additionally, folic
acid, vitamin B, and statins should be considered. Statins therapy is beneficial
not only because of its effect on lipid profile but also because statins enhance
atherosclerosis plaques stability, decrease oxidative stress, block the throm-
bogenic properties of aPL and upregulate endothelial nitric oxide synthesis
(Ferrara et al., 2003; Laufs et al., 1998). An international committee on the
treatment of cardiac APS manifestations recommended warfarin anti-
coagulation for those who suffered thrombosis in the absence of atheroscle-
rosis. Aspirin prophylaxis did not show to provide additional effect over
warfarin alone. Moreover, hydroxychloroquine might be considered, specially
in patients with clinical features of SLE, due to its possible antithrombotic
effects.

7.3 Nonischemic Ventricular Dysfunction

No study has been published regarding the treatment of nonischemic ventricular
manifestations in APS and thus it is difficult to be established if these patients
would benefit from any specific treatment (Lockshin et al., 2003). According to
international consensus, meanwhile, standard therapeutic approach to hyper-
tension and heart failure due to other etiologies is recommended.

7.4 Intracardiac Thrombus

No data exist regarding the best approach to patients with intracardiac
thrombosis in APS. International guidelines recommended long-term
anticoagulation for intracardiac thrombosis not related to APS and most
authors would suggest this approach in patients with APS (O’Neill, 1995;
Albers et al., 2004). However, some authors, and especially those who
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reported cases with systemic emboli proposed cardiac surgery in order to
remove the intracardiac thrombus (Abanador-Kamper et al., 2012). An
international committee on cardiac disease in APS recommended intensive
warfarin anticoagulation and consultation with cardiac surgery when appro-
priated (Lockshin et al., 2003).

8. FINAL REMARKS

Cardiac involvement is very common in patients with APS. Whether the aPL
are the cause of all the heart complications that have been described or simply
accompany more basic underlying immunological disturbances cannot be
assessed for most of them. However, serial screening of aPL in patients who
develop these complications will help to assess the prevalence and usefulness
of these antibodies in cardiac diseases. Until these studies become available,
clinicians should consider a search for aPL in those patients with the
previously reported cardiac complications in whom no other etiology could be
found.

Take Home Messages

l Cardiac involvement is frequent in APS.

l Cardiac manifestations of APS include heart valve disease, ischemic cardio-

myopathy, nonischemic myocardial involvement, and intracardiac thrombosis.

l The most frequent cardiac manifestation of APS is heart valve disease.

l Left side valves are more usually affected.

l Valve heart disease is most frequently characterized by mitral valve regurgi-

tation and valve thickening while some patients develop noninfectious

vegetations called Libman-Sacks endocarditis.

l Ischemic cardiac disease due to aPL-driven thrombosis or due to accelerated

atherosclerosis is the next most frequent cardiac manifestation.

l Nonischemic cardiac disease has been suggested in some studies, although its

exact prevalence and clinical significance is not yet clear.

l Several publications have reported cases of intracardiac thrombosis in patients

with APS, although their real incidence in these patients is not yet known.

REFERENCES

Abanador-Kamper, N., et al., 2012. Disseminated intracardiac thrombosis: a rare manifestation of

antiphospholipid syndrome. Eur. Heart J. Cardiovasc. Imaging 13 (6), 537.

Afek, A., et al., 1999. Increased endothelial cell expression of alpha3beta1 integrin in cardiac

valvulopathy in the primary (Hughes) and secondary antiphospholipid syndrome. Lupus 8 (7),

502e507.

Albers, G.W., et al., 2004. Antithrombotic and thrombolytic therapy for ischemic stroke: the

Seventh ACCP Conference on Antithrombotic and Thrombolytic Therapy. Chest 126 (3

Suppl.), 483Se512S.

Cardiac Involvement in the Antiphospholipid Syndrome Chapter j 12 315



Alexánderson, E., et al., 2008. Myocardial ischaemia in patients with primary APS: a

13N-ammonia PET assessment. Rheumatology (Oxford, England) 47 (6), 894e896.

Ambrosino, P., et al., 2014. Markers of cardiovascular risk in patients with antiphospholipid

syndrome: a meta-analysis of literature studies. Ann. Med. 46 (8), 693e702.

Ames, P.R., et al., 2002. Anticardiolipin antibody titre and plasma homocysteine level indepen-

dently predict intima media thickness of carotid arteries in subjects with idiopathic

antiphospholipid antibodies. Lupus 11 (4), 208e214.

Ames, P.R.J., et al., 2009a. Atherosclerosis in thrombotic primary antiphospholipid syndrome.

J. Thromb. Haemost. 7 (4), 537e542.

Ames, P.R.J., Margarita, A., Alves, J.D., 2009b. Antiphospholipid antibodies and atherosclerosis:

insights from systemic lupus erythematosus and primary antiphospholipid syndrome. Clin.

Rev. Allergy Immunol. 37 (1), 29e35.

Amigo, M.C., Garcı́a-Torres, R., 2000. Morphology of vascular, renal, and heart lesions in the

antiphospholipid syndrome: relationship to pathogenesis. Curr. Rheumatol. Rep. 2 (3),

262e270.

Amoroso, A., et al., 2006. The adjunctive role of antiphospholipid antibodies in systemic lupus

erythematosus cardiac involvement. Clin. Exp. Rheumatol. 24 (3), 287e294.

Asanuma, Y., et al., 2003. Premature coronary-artery atherosclerosis in systemic lupus erythe-

matosus. N. Engl. J. Med. 349 (25), 2407e2415.

Asherson, R.A., et al., 1988. Diagnostic and therapeutic problems in two patients with

antiphospholipid antibodies, heart valve lesions, and transient ischaemic attacks. Ann. Rheum.

Dis. 47 (11), 947e953.

Asherson, R.A., et al., 1990. Infective endocarditis, rheumatoid factor, and anticardiolipin

antibodies. Ann. Rheum. Dis. 49 (2), 107e108.

Asherson, R.A., Cervera, R., 1991. Antiphospholipid antibodies and the heart. Lessons and pitfalls

for the cardiologist. Circulation 84 (2), 920e923.

Badui, E., et al., 1995. The heart in the primary antiphospholipid syndrome. Arch. Med. Res. 26

(2), 115e120.

Barkhausen, J., et al., 2012. Detection and characterization of intracardiac thrombi on MR

imaging. Am. J. Roentgenol. 179 (6), 1539e1544.

Barón, M. a, et al., 2005. Prevalence of an abnormal ankle-brachial index in patients with primary

antiphospholipid syndrome: preliminary data. Ann. Rheum. Dis. 64 (1), 144e146.

Bhattacharyya, S., et al., 2009. Drug-induced fibrotic valvular heart disease. Lancet (London,

England) 374 (9689), 577e585.

Boyd, A.C., Schiller, N.B., Thomas, L., 2015. Principles of transthoracic echocardiographic

evaluation. Nat. Rev. Cardiol. 12 (7), 426e440.

Brenner, B., et al., 1991. Cardiac involvement in patients with primary antiphospholipid syndrome.

J. Am. Coll. Cardiol. 18 (4), 931e936.

Bucciarelli, S., et al., 2006. Mortality in the catastrophic antiphospholipid syndrome: causes of

death and prognostic factors in a series of 250 patients. Arthritis Rheum. 54 (8),

2268e2576.

Cervera, R., et al., 2014. 14th international congress on antiphospholipid antibodies task force

report on catastrophic antiphospholipid syndrome. Autoimmun. Rev. 13 (7), 699e707.

Cervera, R., et al., 2002. Antiphospholipid syndrome: clinical and immunologic manifestations

and patterns of disease expression in a cohort of 1,000 patients. Arthritis Rheum. 46 (4),

1019e1027.

Cervera, R., et al., 1992. Cardiac disease in systemic lupus erythematosus: prospective study of 70

patients. Ann. Rheum. Dis. 51 (2), 156e159.

316 The Heart in Systemic Autoimmune Diseases



Cervera, R., et al., 2009a. Catastrophic antiphospholipid syndrome (CAPS): descriptive analysis of

a series of 280 patients from the “CAPS Registry”. J. Autoimmun. 32 (3e4), 240e245.

Cervera, R., 2004. Coronary and valvular syndromes and antiphospholipid antibodies. Thromb.

Res. 114 (5e6), 501e507.

Cervera, R., et al., 1991. High prevalence of significant heart valve lesions in patients with the

“primary” antiphospholipid syndrome. Lupus 1 (1), 43e47.

Cervera, R., et al., 2015. Morbidity and mortality in the antiphospholipid syndrome during a

10-year period: a multicentre prospective study of 1000 patients. Ann. Rheum. Dis. 74 (6),

1011e1018.

Cervera, R., et al., 2009b. Morbidity and mortality in the antiphospholipid syndrome during a

5-year period: a multicentre prospective study of 1000 patients. Ann. Rheum. Dis. 68 (9),

1428e1432.

Cervera, R., et al., 2011a. Task force on catastrophic antiphospholipid syndrome (APS) and

non-criteria APS manifestations (I): catastrophic APS, APS nephropathy and heart valve

lesions. Lupus 20 (2), 165e173.

Cervera, R., et al., 2011b. Task force on catastrophic antiphospholipid syndrome (APS) and

non-criteria APS manifestations (II): thrombocytopenia and skin manifestations. Lupus 20

(2), 174e181.

Cosyns, B., et al., 2013. Drug-induced valvular heart disease. Heart (British Cardiac Society) 99

(1), 7e12.

Coudray, N., et al., 1995. M mode and Doppler echocardiographic assessment of left ventricular

diastolic function in primary antiphospholipid syndrome. Br. Heart J. 74 (5), 531e535.

Cuadrado, M.J., Hughes, G.R., 2001. Hughes (antiphospholipid) syndrome. Clinical features.

Rheum. Dis. Clin. North Am. 27 (3), 507e524 (v).

Denas, G., et al., 2015. Antiphospholipid syndrome and the heart: a case series and literature

review. Autoimmun. Rev. 14 (3), 214e222.

Dursun, M., et al., 2015. The utility of cardiac MRI in diagnosis of infective endocarditis:

preliminary results. Diagn. Interv. Radiol. 21, 28e33 (August 2014).

Edoute, Y., et al., 1997. Cardiac valvular vegetations in cancer patients: a prospective echocar-

diographic study of 200 patients. Am. J. Med. 102 (3), 252e258.

Eikelboom, J.W., Weitz, J.I., 2014. The mTORC pathway in the antiphospholipid syndrome.

N. Engl. J. Med. 371 (4), 369e371.

Erdogan, D., et al., 2005. Assessment of cardiac structure and left atrial appendage functions in

primary antiphospholipid syndrome: a transesophageal echocardiographic study. Stroke 36

(3), 592e596.

Erkan, D., et al., 2012. A pilot open label phase II trial of rituximab for non-criteria manifestations

of antiphospholipid syndrome. Arthritis Rheum. 1e26.

Erkan, D., et al., 2002. The role of cardiac magnetic resonance imaging in antiphospholipid

syndrome. J. Rheumatol. 29 (12), 2658e2659.

Espinola-Zavaleta, N., et al., 2006. Myocardial perfusion defects in patients with autoimmune

diseases: a prospective study. Analysis of two diagnostic tests. Lupus 15 (1), 38e43.

Espı́nola-Zavaleta, N., et al., 1999. Echocardiographic evaluation of patients with primary

antiphospholipid syndrome. Am. Heart J. 137 (5), 973e978.

Farzaneh-Far, A., et al., 2006. Relationship of antiphospholipid antibodies to cardiovascular

manifestations of systemic lupus erythematosus. Arthritis Rheum. 54 (12), 3918e3925.

Ferrara, D.E., et al., 2003. Inhibition of the thrombogenic and inflammatory properties of

antiphospholipid antibodies by fluvastatin in an in vivo animal model. Arthritis Rheum. 48

(11), 3272e3279.

Cardiac Involvement in the Antiphospholipid Syndrome Chapter j 12 317



Font, C., et al., 2011. Solid cancer, antiphospholipid antibodies, and venous thromboembolism.

Autoimmun. Rev. 10 (4), 222e227.

Font, J., et al., 1991. Non-infective verrucous endocarditis in a patient with “primary”

antiphospholipid syndrome. Br. J. Rheumatol. 30 (4), 305e307.

Ford, S.E., et al., 1989. Thrombotic endocarditis and lupus anticoagulant. A pathogenetic possi-

bility for idiopathic “rheumatic type” valvular heart disease. Arch. Pathol. Lab. Med. 113 (4),

350e353.

Fournier, P.-E., et al., 2010. Comprehensive diagnostic strategy for blood culture-negative endo-

carditis: a prospective study of 819 new cases. Clin. Infect. Dis. 51 (2), 131e140.

Gabrielli, F., et al., 1995. Cardiac valve involvement in systemic lupus erythematosus and

primary antiphospholipid syndrome: lack of correlation with antiphospholipid antibodies.

Int. J. Cardiol. 51 (2), 117e126.

Galve, E., et al., 1992. Valvular heart disease in the primary antiphospholipid syndrome.

Ann. Intern. Med. 116 (4), 293e298.

Garcı́a-Torres, R., et al., 1996. Valvular heart disease in primary antiphospholipid syndrome

(PAPS): clinical and morphological findings. Lupus 5 (1), 56e61.

Gaudio, C., et al., 2004. Prominent crista terminalis mimicking a right atrial mixoma: cardiac

magnetic resonance aspects. Eur. Rev. Med. Pharmacol. Sci. 8 (4), 165e168.

George, J., et al., 1999. Immunolocalization of beta2-glycoprotein I (apolipoprotein H) to human

atherosclerotic plaques: potential implications for lesion progression. Circulation 99 (17),

2227e2230.

Gertner, E., Leatherman, J.W., 1992. Intracardiac mural throm-bus mimicking atrial myxoma in

the antiphos- phollpid syndrome. J. Rheumatol. 19 (8), 1293e1298.

Giannakopoulos, B., Krilis, S. a, 2013. The pathogenesis of the antiphospholipid syndrome.

N. Engl. J. Med. 368 (11), 1033e1044.

Gleason, C.B., et al., 1993. A comparison of cardiac valvular involvement in the primary anti-

phospholipid syndrome versus anticardiolipin-negative systemic lupus erythematosus. Am.

Heart J. 125 (4), 1123e1129.
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1. INTRODUCTION

Cardiac involvement in scleroderma (systemic sclerosis; SSc) may present as
primary cardiac involvement (small vessel ischemia, inflammation, or
replacement fibrosis) or secondary involvement (due to pulmonary hyperten-
sion, coronary disease, or systemic hypertension). Primary cardiac involve-
ment may lead to systolic dysfunction, and/or diastolic dysfunction,
pericardial disease, conduction abnormalities (including brady- and tachyar-
rhythmias), and less commonly valvular disease. Autopsy studies and cardiac
MRI studies have shown that subclinical cardiac involvement is extremely
common.

Modalities such as tissue Doppler echocardiography and cardiac MRI have
proven more sensitive in detecting cardiac involvement than standard Doppler
echocardiography. Screening for Cardiac disease is often undertaken as part of
the pulmonary hypertension screening package that includes a yearly echo-
cardiography, B-type natriuretic peptide (BNP) or N-terminal proBNP, serum
urate, and an ECG.

In this updated chapter we focus on some areas where new data have
emerged. We have clearer data on the prevalence and contribution to outcome
of cardiac involvement, and a somewhat better understanding of the role of
coronary disease. Initial CMR data showing that diffuse patchy fibrosis is
common, though conflicting data on the cause of this. Data are also accu-
mulating to suggest that ventricular tachyarrhythmia may be an important
treatable cause of mortality in patients with primary cardiac involvement.

The absence of a disease-specific evidence base for the management of
cardiac involvement remains an issue, thus management should be in
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accordance with standard cardiology guideline recommendations, for example,
ACE inhibitors and cautious use of beta blockers for systolic dysfunction.

2. EVIDENCE FOR AND PROGNOSTIC IMPACT
OF CLINICAL CARDIAC INVOLVEMENT

Large older registry studies provided clear evidence of the poor prognosis
associated with scleroderma and identified cardiac abnormalities as a major
adverse factor (Ruangjutipopan et al., 2002; Steen and Medsger, 2000; Abbott
et al., 2002; Bulpitt et al., 1993; Follansbee et al., 1993; Lee et al., 1992). More
recent registries suggest that the prognosis associated with scleroderma may be
much more benign (Vlachoyiannopoulos et al., 2000; Nishioka et al., 1996)
and not predicted by cardiac abnormalities noted at study entry. This suggests
that either the initial registries were excessively pessimistic or that the
outcome has improved. In any event it led to some confusion as to the role of
cardiac disease in predicting outcome. However, more recent data with more
contemporary methodology have confirmed a significant prognostic impact of
clinical cardiac involvement, though the prevalence may be lower than pre-
viously thought.

A recent all-comer incident case registry (Nihtyanova et al., 2014) included
398 consecutives that were followed-up for up to 15 years. Cardiac involve-
ment was defined as pericardial effusion, hemodynamically significant cardiac
arrhythmias, or heart failure requiring specific treatment. In this study the
incidence of clinically important cardiac complications was found to be higher
in patients with diffuse cutaneous SSc (dcSSc) than those with limited cuta-
neous SSc (lcSSc) especially early in the disease course (prevalence at 5 years:
7% dSSc versus 1% lSSc). No new cases of cardiac SSc among dcSSc patients
were observed after 5 years of follow-up; however, new cardiac involvement
continued to emerge during follow-up in the lSSc cohort. Importantly, in that
study cardiac SSc was associated with a five-fold increase in hazard ratio for
mortality (HR ¼ 5.436; CI: 2.396e12.332; p < 0.001) compared to SSc
patients without cardiac involvement. These findings are supported by a pre-
vious meta-analysis of 578 deaths from registry data (Ioannidis et al., 2005)
involving seven different centers that showed a significant increase in car-
diovascular mortality in patients with clinically evident cardiac involvement
(HR ¼ 2.8; 95% CI: 2.1e3.8).

3. PREVALENCE OF SUBCLINICAL CARDIAC
INVOLVEMENT

Autopsy data (D’Angelo et al., 1969; Buckley et al., 1976; Murata et al., 1998;
Follansbee et al., 1990; Fernandes et al., 2003) have consistently shown
widespread patchy myocardial fibrosis in patients with SSc with or without
clear prior known cardiac involvement. These data are now supported by the
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frequent finding of fibrosis on cardiac biopsy, late gadolinium enhancement on
CMR, and recent data on expansion of extracellular myocardial volume using
tissue phase CMR mapping (Ntusi et al., 2014).

Diastolic dysfunction has historically been found in 50e80% of patients in
association with scleroderma, whether studied using echocardiography (Plazak
et al., 2002; Candell-Riera et al., 1996; Di Bello et al., 1999; Armstrong et al.,
1996) or nuclear medicine (Nakajima et al., 2001). More recent studies using
more reliable parameters such as EE0 suggest a lower rate of diastolic
dysfunction (de Groote et al., 2008) or abnormal trends (Cadeddu et al., 2015;
D’Alto et al., 2014) that worsen over time (Faludi et al., 2014). No clear as-
sociation with outcome has been defined, though it has been suggested that the
observed diastolic abnormalities are likely a result of intermittent vasospastic
ischemia, and therapy directed at relieving ischemia may improve parameters
of diastolic dysfunction in patients with scleroderma.

Nuclear studies using older techniques suggest a high prevalence of
perfusion defects (Alexander et al., 1986; Morelli et al., 1997; Lekakis et al.,
1998); abnormalities whether fixed or reversible perfusion defects have been
found in 50e100% of patients with scleroderma. Other studies fail to confirm
these findings (Nakajima et al., 2001) or suggest that only minor abnormalities
can be found (Ishida et al., 2000).

Troponin is markedly sensitive in active myocarditis and in advanced heart
failure. Combined elevation of BNP and troponin has been reported to be
highly specific for cardiac involvement as indicated by an elevated E/E0 ratio,
but with a low prevalence (Avouac et al., 2015).

4. ISCHEMIC HEART DISEASE

One of the most widely accepted hypotheses is that ischemic damage underlies
much of the cardiac pathology found in scleroderma. Recent systematic re-
views appear to confirm a significant increase in the prevalence of coronary
atherosclerotic disease based on autopsy, CT coronary angiography, and cor-
onary angiography (Ali et al., 2015) or clinical diagnosis (Ali et al., 2015;
Ungprasert et al., 2014).

However, most data in the literature focus on possible microvascular
ischemia. Histology shows replacement fibrosis and contraction band necrosis
(Follansbee et al., 1993; Bulkley et al., 1978, 1976), which in other situations
is associated with ischemic injury (Follansbee et al., 1985). The histological
evidence for myocardial ischemia are much more problematic showing either
normal intramyocardial vessels (Bulkley et al., 1976) or occasional mild
intimal or medial thickening (Follansbee et al., 1985). The presence of an
excess of focal fibrosis has nevertheless been proposed as evidence of an
ischemic pathogenesis (Follansbee et al., 1990) even though in this study the
hallmark abnormality of contraction band necrosis was not found to be more
prevalent in the hearts of patients with scleroderma when compared to
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controls. More recent methodology including cell typing raises the possibility
that a low-grade inflammation is the actual driver (Liangos et al., 2000).
Histological features which are not readily explained by ischemic injury are
also frequentdfibrinous pericarditis, subvalvular thickening (Bulkley et al.,
1976; Follansbee et al., 1990).

ECG abnormalities, in particular septal q waves, are advanced as further
evidence of ischemic damage (Follansbee et al., 1985). ECG abnormalities in
scleroderma range from loss of R waves particularly in the septal leads to right
or left ventricular hypertrophy, nonspecific ST-T changes, and p-wave
notching (Lubitz et al., 2008). Increased QT dispersion and decreased heart
rate variability have also been reported (Wozniak et al., 2009). Conduction
disturbances in SSc are often caused by conduction tissue fibrosis (Femenı́a
et al., 2010). Septal “r” waves require functioning septal conduction tissue and
are thus absent in left bundle branch block without infarction (Josephson,
1993); a possible alternate explanation thus is conducting tissue fibrosis rather
than infarction. However, one then has the issue of whether microvascular
ischemia is responsible for the conducting tissue fibrosis.

Several publications using thallium scintigraphy have found an increased
prevalence of resting (Morelli et al., 1997), exercise-induced (Steen et al.,
1996) or cold pressoreinduced (Alexander et al., 1986; Lekakis et al., 1998)
perfusion defects in patients with scleroderma, and these have in some cases
been associated with an adverse prognosis (Candell-Riera et al., 1996).
Further, with the development of more specific techniques such as technetium
scanning, stress echocardiography, and stress MUGA scanning, these induc-
ible perfusion defects have not been persistent (Nakajima et al., 2001; Ishida
et al., 2000).

The results of the studies examining coronary sinus blood flow invasively
are contradictory with one showing impaired vasodilator reserve (Nitenberg
et al., 1986) and another showing the absence of vasospasm in response to cold
pressor testing (Colfer et al., 1993). However, using a noninvasive technique,
Vacca et al. (2013) recently documented impaired vasodilator reserve in 46%
of 41 patients with SSc, further the presence of abnormal coronary reserve was
associated with a worse prognosis.

Three potential mechanisms of ischemic damage have been proposed: cor-
onary arterial vasospasm, small vessel disease, and occlusive coronary disease.
The theoretical basis for assuming an excess of macrovascular coronary disease
is derived from the observed endothelial dysfunction and fibroproliferative
tendency, which have been proposed as the pathobiological model of sclero-
derma (Kissin and Korn, 2002), and reports of an excess of lower limb mac-
rovascular disease in the scleroderma population. Recent studies have also
identified altered large blood vessel elasticity as a general feature of sclero-
derma (Cheng et al., 2003a,b). Vascular lesions in the skin, kidney, and lungs of
patients with scleroderma show consistent features, with medial hypertrophy
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followed by luminal occlusion (Taylor et al., 2002). TGFB1 overexpression has
been found, with evidence of upregulation of CTGF and PDGF (Schachna and
Wigley, 2002). Downstream endothelin levels and adrenaline levels have also
been shown to increase. These changes are thought to drive the smooth muscle
and fibromuscular hypertrophy observed. Histology of the coronaries have not
shown any excess of fibromuscular hypertrophy to date (Follansbee et al., 1993,
1990; Bulkley et al., 1976, 1978).

There is evidence of abnormal thickening of the large vessels in the leg
(Veale et al., 1995; Youssef et al., 1993) and carotid (Cheng et al., 2003b; Ho
et al., 2000), yet to date there have been no publications showing an excess of
large vessel coronary disease either angiographically or on post-mortem
studies. Whether or not macrovascular coronary disease is more common in
patients with scleroderma is clinically significant, as this may provide a
treatable cause of cardiac dysfunction. In the absence of evidence for mac-
rovascular disease or significant pathology of the small vessels of the
myocardium, vasospasm has been promoted as the cause of the observed
myocardial damage (Steen et al., 1996). Unfortunately, 30 years after cardiac
Raynaud was first proposed (Gupta et al., 1975) as the unifying cause of
myocardial ischemia in scleroderma, clear confirmation that this exists as a
clinically important entity is lacking.

5. MYOCARDITIS

Myositis is well known to occur in scleroderma evidenced by histological
findings and electromyography. Follansbee et al. (1993) have shown an as-
sociation between cardiac mortality and myositis raising the possibility that
associated myocarditis is occurring in these patients. Myocarditis may well
explain the frequent occurrence of exudative pericardial effusions, and could
explain the endocardial lesions found on histology. The ECG evidence of
conducting tissue damage could readily be the consequence of an autoimmune
inflammatory process. At present, there are few published data suggesting that
widespread low-grade myocarditis occurs in this population leading to dia-
stolic dysfunction and the other cardiac abnormalities seen. We have observed
an excess of troponin T release from patients with scleroderma (Mukerjee
et al., 2003), and noted a weak association with outcome at 5 years. A recent
CMR study supports the concept of widespread low-grade myocardial
inflammation with abnormalities of tissue phase mapping likely to represent a
response to a diffuse inflammatory process found in 53% of 19 patients with
scleroderma and none of the controls (Ntusi et al., 2014). Mavrogeni et al.
(2015) by contrast found that tissue phase mapping abnormalities were un-
common but that reduced perfusion during stress was present in almost all
patients, with most patients that underwent follow up scanning developing
subendocardial scar. Thus the precise picture remains confused.
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6. HYPERTENSION

Surprisingly little has been published about the impact of systemic and pul-
monary hypertension on the heart given the prevalence of these conditions.
Renal impairment is one of the acknowledged predictors of poor prognosis in
patients with scleroderma, and this effect is aggravated by evidence of cardiac
involvement, unsurprisingly therefore a recent analysis by Al-Dhaher et al.
(2010) has identified the presence of systemic hypertension as an independent
predictor of mortality in a cohort of patients with SSc.

Pulmonary hypertension has been suggested as occurring in up to 50% of
patients with scleroderma, though a prevalence of 12% is probably closer to
the mark (Mukerjee et al., 2003). Recent registry data have suggested a
prevalence closer to 5%; however, this must be balanced against the finding of
pulmonary hypertension in 30% of patients enrolled in a screening study
where the definitive diagnostic test of cardiac catheterization was performed in
over 400 patients (Coghlan et al., 2014).

In patients with scleroderma, pulmonary hypertension carries a particularly
adverse prognosis; however, death is still primarily cardiac (Mukerjee et al.,
2003). The fact that an adverse outcome relative to primary pulmonary hy-
pertension is seen at relatively low pressures suggests that there is, in patients
with scleroderma, an additional cardiac impairment, which compromises
cardiac adaptation to afterload. This has been recently confirmed (Hsu et al.,
2016) in a study comparing the response of the right ventricle to low-intensity
exercise in nine patients with idiopathic pulmonary hypertension to 15 patients
with scleroderma-associated pulmonary arterial hypertension (PAH). Though
afterload rose similarly in both populations right ventricular contractility only
increased in those with idiopathic PAH, whereas in those with scleroderma the
right ventricle simply dilated to maintain cardiac output. These data strongly
suggest an intrinsic abnormality of cardiac function in patients with sclero-
derma leading to poorer tolerance of increased workload.

7. ARRHYTHMIAS

A number of recent case series have raised the prospect that malignant ven-
tricular arrhythmias may be much more common in SSc than previously
recognized. The first series related to implantable cardioverter defibrillator
(ICD) implantation in 10 patients who had a high burden of ventricular ec-
topics (>1000/24 h) or nonsustained ventricular tachycardia (Bernardo et al.,
2011). During three years of follow-up, three individuals had appropriate
device discharge.

In a second series of 25 patients who had undergone cardiac biopsy to
evaluate noninvasively determined cardiac involvement, 12 received ICD for
primary prevention. Four of the 25 died of cardiovascular causes, including
three with sudden death (one of whom had VT documented immediately prior
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to death). The fourth had an ICD in place and died with VT/VF unresponsive
to device therapy. Three others had appropriate successful device therapy for
VT/VF. Thus in total seven patients had probable or proven ventricular ar-
rhythmias (Mueller et al., 2015).

The third report concerns six patients with device implantation as primary
prevention prior to autologous stem cell transplantation (aSCT) of whom half
(three) had appropriate device therapy during or after aSCT (Chung et al.,
2012). Only two of these patients are reported as having an abnormal echo
(either an ejection fraction of <50% or pericardial effusion).

A fourth case series (De Luca et al., 2016) describes 100 patients with
cardiac involvement as evidenced by symptoms or raised cardiac enzymes.

Evaluation included 24-h monitoring, echocardiography, and catheteriza-
tion where recommended by the DETECT protocol. More than 1000 ven-
tricular ectopics (VE)/24 h was identified in 24 patients. The number of VEs
correlated positively with troponin levels and inversely with left ventricular
ejection fraction. Seven patients either died suddenly (5) or required ICD (2);
the presence of >1190 VE/24 h had a sensitivity of 100% and specificity of
82% for these events.

8. THE FUTURE

After more than half a century of contradictory information, we now have the
tools to adequately characterize the subtler forms of cardiac involvement present
in SSc. With widespread use of troponin testing, CMR scanning, CT coronary
angiography, and implantable monitors it should be possible to determine the
precise prevalence and prognostic significance of the various manifestations of
cardiac involvement and we have reasonable therapeutic options available.
Standardized and widespread use of such techniques will shed light on the
natural history associated with these cardiac abnormalities, however, will not
immediately uncover the pathobiological mechanisms underlying such abnor-
malities. If one accepts that this is an autoimmune condition, then it is unlikely
that a purely vascular explanation will suffice; we shall need to explore the
nature of the process in a more sophisticated manner. We need to identify pa-
tients with active cardiac involvement, analyze vasoreactivity invasively, and
obtain myocardial biopsies for study using modern immunofluorescent tech-
niques. Only through studying such patients invasively can the basic disease
mechanisms underlying cardiac scleroderma be unequivocally elucidated.
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Chapter 14

Cardiac Involvement in
Systemic Vasculitis

M. Sebastiani, A. Manfredi and C. Ferri
Rheumatology Unit, Azienda Policlinico of Modena, Department of Medical and Surgical

Sciences, University of Modena and Reggio Emilia, Modena, Italy

Key Points

l Despite cardiac involvement can be observed in all primary vasculitides, it
is frequently unrecognized.

l Subclinical involvement is frequently observed in pathology and heart
imaging studies, but its impact on prognosis and survival is unclear.

l Takayasu’s arteritis, polyarteritis nodosa, and Behҫet disease are the
vasculitides with more frequent heart involvement.

l Pericarditis, myocarditis, coronary arteritis, and valvular heart disease can
be observed with different incidence in all primary vasculitides.

l A correct treatment of cardiac involvement in patients with vasculitis
requires a multidisciplinary approach, including rheumatologist, cardiol-
ogist, and radiologist.

1. INTRODUCTION

Systemic vasculitides are a heterogeneous group of diseases characterized by
inflammation of vessels, which can result in their obstruction and/or
aneurysm formation. The evidence of the inflammation of blood vessel walls
in at least one occasion during the course is a shared defining feature of all
categories of vasculitis. Their classification varies according to etiology,
pathogenesis, type of vessel affected, type of inflammation, and favored organ
distribution (Fig. 14.1).

Almost all primary vasculitides can target the heart; even if cardiac
manifestations are rarely predominant, they can be life threatening and,
therefore, require specific diagnostic and therapeutic strategies.

Although cardiac involvement occurs in less than 10% of all patients
affected by systemic vasculitides, certain entities, such as eosinophilic
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FIGURE 14.1 2012 Chapel Hill classification of vasculitides. EGPA, eosinophilic granulomatosis with polyangiitis; GBM, glomerular basal membrane; GPA,

granulomatosis with polyangiitis; HUV, hypocomplementemic urticarial vasculitis; MPA, microscopic polyangiitis.

3
3
6

T
h
e
H
eart

in
System

ic
A
u
to
im

m
u
n
e
D
iseases



granulomatosis with polyangiitis (EGPA) and Takayasu’s arteritis (TAK) can
cause heart complications in up to 60% of patients.

After briefly reviewing the definitions, classification, and pathogenic
mechanisms of vasculitides, we describe the cardiac manifestations that can
occur in each vasculitis and their corresponding therapies.

2. PATHOGENESIS OF VASCULITIDES

Pathogenesis of vasculitides differs according to the type of vasculitis. Despite
several pathogenic pathways have been implicated in the development of these
diseases, the exact mechanisms are only partly understood and some are
probably still unknown. Small vessel vasculitides (granulomatosis with
polyangiitis, EGPA, microscopic polyangiitis) are strongly associated with the
presence of antineutrophil cytoplasmic antibodies (ANCA), whereas immune
complexes may be responsible for Henoch-Schönlein purpura (HSP),
cryoglobulinemic vasculitis, and polyarteritis nodosa (PAN).

2.1 Immune Complexes

Immune complex small vessel vasculitis is defined as vasculitis with moderate
to marked vessel wall deposits of immunoglobulin and complement compo-
nents, predominantly affecting small vessels. These deposits differ from the
few or no immune deposits in vessel walls, which is characteristic for
ANCA-associated vasculitides. The precipitation of immune complexes in the
vessel walls causes the complement fixation, leading to an intense immune
reaction, with the recruitment of neutrophils, which attempt to engulf the
immune complexes. During this process the neutrophils degranulate, releasing
lysosomal enzymes and oxygen free radicals, responsible for tissue necrosis.
Immune complexes seem to be relevant in some vasculitides, like PAN, cry-
oglobulinemia, and necrotizing vasculitis occurring in rheumatoid arthritis.

2.2 Antineutrophil Cytoplasmic Antibodies

First detected in a small cohort of patients with pauci-immune glomerulone-
phritis (Davies et al., 1982), antibodies specific to antigens in the cytoplasm of
ethanol-fixed neutrophils have been shown to be strongly associated with three
major small vessel vasculitides: granulomatosis with polyangiitis (GPA),
microscopic polyangiitis (MPA), and EGPA (Falk and Jennette, 1988; Van der
Woude et al., 1985). Despite ANCA are considered a useful immunological
marker of disease, in particular c-ANCA, in vitro data and animal models have
not so far been able to support a clear pathogenic role of these autoantibodies.

Witko-Sarsat identified proteinase 3 (PR3), a major target antigen, in
plasma membrane secretory vesicles (Witko-Sarsat et al., 1999). By indirect
immunofluorescence (IIF), ANCA are identified as cytoplasmic (c-ANCA),

Cardiac Involvement in Systemic Vasculitis Chapter j 14 337



with coarse granular stain of cytoplasm; perinuclear (p-ANCA), with staining
of the nucleus and perinuclear area; and atypical ANCA. The antigen
responsible for homogeneous cytoplasmic fluorescence is usually PR3, while
myeloperoxidase (MPO) showed more frequently a perinuclear IIF. Antibodies
to other neutrophil constituents such as elastase, cathepsin G, and lactoferrin
produce perinuclear or atypical pattern (Ledford, 1997; Specks et al., 1993).

Pathogenetic activity of MPO-ANCA has been demonstrated in
MPO-knockout mice immunized with murine MPO. The recipient mice
developed necrotizing glomerulonephritis and systemic necrotizing vasculitis
(Xiao et al., 2002). Another murine model for anti-MPOemediated glomer-
ulonephritis and vasculitis has been performed using MPO-knockout mice
(MPO�/�) (Schreiber et al., 2006). Chimeric MPO�/� mice with circulating
MPO-positive neutrophils developed pauci-immune necrotizing and crescentic
glomerulonephritis, whereas chimeric MPOþ/þ mice with circulating
MPO-negative neutrophils did not.

c-ANCA are detected in 60e90% of cases of systemic GPA, and in
50e75% of those with localized forms of GPA (Kallenberg et al., 1992).
ANCA titer changes according to the disease activity, but this relationship is
not constant; therefore, the therapy should not be modified using ANCA titer
(Girard et al., 2001; Tervaert et al., 1990). p-ANCA are more often associated
with pauci-immune glomerulonephritis (80% of the patients), MPA
(50e75%), or EGPA (47%) (Ewert et al., 1991; Guillevin et al., 1999a; Hagen
et al., 1998). However, ANCA have also been detected in some nonvasculitic
pathologies, such as inflammatory bowel and autoimmune liver diseases,
rheumatoid arthritis, tuberculosis (Flores-Suarez et al., 2003), and drug re-
actions (Guillevin et al., 1995a; Halbwachs-Mecarelli et al., 1992; Specks
et al., 1993).

2.3 Cytokines and Adhesion Molecules

Many cytokines and adhesion molecules are present at sites of inflammation
and their circulating levels are high in patients with vasculitis (Sundy and
Haynes 2000; Tesar et al., 1998). Recently, high levels of different chemokins
have also been detected in patients with vasculitis (Millet et al., 2015), and
potentially correlated with clinical symptoms (fever and weight loss induced
by interleukin-1, tumor necrosis factor a, and interleukin 6). Some of them
may favor fibrosis and thrombosis (transforming growth factor b), while others
may act as chemoattractants for polymorphonuclear leukocytes, or have in-
flammatory capacities [interferon-g (IFNg)]. Adhesion molecules are involved
in the interactions between endothelial cells and activated neutrophils (Sundy
and Haynes, 2000). In patients with active GPA, MPA, TKA, and HSP, high
levels of soluble endothelial receptors for neutrophils, E-selectin, and vascular
cell adhesion molecule-1 have been detected. Moreover, expression of che-
mokines, such as CXCL9, CXCL10, CXCL11, and CCL2, was higher in
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vascular smooth muscle cells isolated from giant cells arteritis-involved ar-
teries (Corbera-Bellalta et al., 2016).

2.4 Other Pathogenic Factors

Other immunopathogenic factors and mechanisms may play a role in
vasculitides. For example, dysfunction of T and B regulatory (reg) cells is
implicated in pathogenesis of ANCA-associated vasculitis. Normally, Treg
cells control the production of pathogenic ANCA by B cells; in patients with
active disease, there is a decrease in the FOXP3 positive Treg cell, which
normalizes during remission. Infiltration by T lymphocytes secreting Th1
proinflammatory cytokines, essentially IFNg, has been observed in granulo-
matous lesions of the nasal mucosa in GPA patients. Thus, in GPA, Th1
lymphocytes would play a major role in localized and granulomatous upper
respiratory tract involvement, whereas a shift toward Th2 lymphocytes would
tend to be more predominant in systemic forms (Balding et al., 2001; Csernok
et al., 1999).

Also eosinophils are a part of inflammatory infiltrate in necrotizing small
and medium vessel vasculitis. Tissue and circulating eosinophils are charac-
teristic of EGPA. Eosinophilic cationic proteins, CCL-11, CCL-26, and IL-25,
secreted by eosinophils are associated with disease activity in EGPA.

A role for antiendothelial cell antibodies (AECA) has been supposed from
their presence in GPA, MPA, as well as in vasculitis secondary to rheumatoid
arthritis and systemic lupus erythematosus. It still remains unclear whether
AECA are involved in the pathogenesis of vasculitis or if they are the result of
vasculitis-associated inflammation (Chan and Cheng, 1996; Falcini et al.,
1997; Gobel et al., 1996). Viral etiologies for vasculitides have been clearly
demonstrated in hepatitis B virus (HBV)-related PAN (Guillevin et al., 1995b),
hepatitis C virus (HCV)-related mixed cryoglobulinemia (Ferri et al.,
1991a,b), and in HIV vasculitides (Gisselbrecht et al., 1997).

Finally, environmental, genetic, and infectious factors have been proposed
to explain the different geographic distribution observed for many vasculitides
(Fig. 14.2).

3. CARDIOVASCULAR CLINICAL MANIFESTATIONS IN
VASCULITIDES

3.1 Main Cardiovascular Manifestations

Frequency, characteristics, and severity of heart involvement vary according to
the type of vasculitis. Each cardiac tissue may be affected, from myocardium
to epicardium, endocardium, conductive nodal tissue, and coronary arteries.
Cardiovascular manifestations (Table 14.1) may thus be categorized as
detailed below.
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3.1.1 Cardiomyopathy

Cardiomyopathy consists of a group of diseases involving the heart muscle
itself in absence of ischemic, hypertensive, congenital, valvular, or pericardial
diseases. A functional classification includes dilated or congestive cardiomy-
opathy, hypertrophic cardiomyopathy, and restrictive cardiomyopathy. These
distinctions are not absolute and overlaps can occur.

Cardiovascular manifestations in systemic vasculitis include initially silent
cardiomyopathy due to either ischemic or inflammatory causes. The combi-
nation of vasculitis and cardiomyopathy is usually associated with a poor
prognosis.

The reported frequencies of specific myocarditis vary widely from not-
even-mentioned (Chumbley et al., 1977; Savage et al., 1985) up to 78% in
an anatomical study (Holsinger et al., 1962), depending on the examinations
used to diagnose small- and medium-sized vessel vasculitides with a mean of
25e30% (Forstot et al., 1980; Lanham et al., 1985). In the context of vascu-
litis, specific cardiomyopathy is reported in ANCA-associated vasculitides,
and also in TAK and giant cell arteritis (GCA). However, cardiomyopathy
leading to heart failure may reflect either specific myocardial involvement or
myocardial ischemia in most patients or may be the consequence of associated
conditions (e.g., hypertensive cardiomyopathy, steroid-induced coronary
arteries atheromatosis). Specific cardiomyopathy could result from necrotizing
vasculitis of the arterioles and venules supplying cardiac muscle, with
inflammatory infiltration and/or granulomas and/or fibrosis formation within
cardiac tissue. Endoventricular biopsies are technically possible, but rarely

FIGURE 14.2 Different geographic distribution of vasculitides. Many vasculitides show

differences in geographical distribution. For Behçet disease and mixed cryoglobulinemic vasculitis

a North-South gradient is described; on the contrary giant cell arteritis (GCA), polyarteritis nodosa

(PAN), and granulomatosis with polyangiitis (GPA) are more frequently observed in North-

European than Mediterranean countries. Environmental, genetic, and infectious factors have

been proposed to explain this different distribution.
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TABLE 14.1 Heart Involvement in Primary Vasculitides

Pericarditis Myocarditis Valvulopathy

Coronary

Arteritis

Intracavitary

Thrombus Aortitis

Takayasu’s arteritis þ þ þ þ þ þ
Giant cell arteritis þ þ þ þ � þ
Polyarteritis nodosa þ þ � þ � �
Kawasaki disease þ þ þ þ � �
Granulomatosis with polyangiitis þ þ þ þ þ þ
Eosinophilic granulomatosis with
polyangiitis

þ þ þ þ þ �

Microscopic polyangiitis þ þ þ þ þ �
Henoch-Schönlein purpura � � � þ � �
Crioglobulinemic vasculitis þ � � þ � �
Behçet disease þ þ þ þ þ �
Buerger disease � � � þ � �
Cogan syndrome þ � � þ � þ
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obtained (Lanham et al., 1985; Leung et al., 1989) and may be helpful in
understanding the causal process. However, vasculitis is rarely diagnosed
based on the detection of granulomatous or necrotizing vasculitis in biopsy
samples.

3.1.2 Coronary Arteritis

Coronary arteritis may manifest as aneurysms, thromboses, dissections, and/or
stenoses, all of which can lead to myocardial infarction. Although coronary
angiography may show some abnormalities, it is only occasionally performed.
Therefore, diagnosis of coronary arteritis is rare in clinical practice, even if
autopsy studies have found coronary involvement in 50% of PAN (Schrader
et al., 1985), and specific abnormalities have been also reported in GPA,
EPGA, and Behçet disease patients. Nonetheless, in clinical practice,
Kawasaki disease remains the vasculitis with the highest frequency of
coronary arteritis, with up to 25% of untreated children developing coronary
lesions.

3.1.3 Pericarditis

Pericardial effusion is a frequent cardiac manifestation during vasculitis and
may be associated with cardiomyopathy, mainly in EGPA, occurring in about
15e30% (Dennert et al., 2010), but also in up to 19% of GPA (Fig. 14.3A)
(Oliveira et al., 2005) and in 5e10% of PAN (Fig. 14.3B) (Pagnoux et al.,
2010). Manifestations may range from acute pericarditis and pericardial ef-
fusions to chronic constrictive pericarditis. Less life threatening than
myocardial involvement, pericardial disease typically responds to immuno-
suppressive therapy, but pericardiocentesis may be required in cases of cardiac

FIGURE 14.3 Pericarditis. Pericardial effusion: (A) Patient with granulomatosis with

polyangiitis: thickening of pericardial layer. Fibrotic nodule in the context of pericardial fluid.

(B) Large pericardial effusion in a patient with polyarteritis nodosa.
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tamponade. An epicardial biopsy may provide the diagnosis of vasculitis,
particularly of EGPA (Sharma et al., 1993).

3.1.4 Endocarditis and Valvular Disease

Endocardium involvement is thought to be rare in vasculitides. Functional
inorganic murmurs or valvular pathologies that are not related to vasculitis
comprise most of the reported cases. However, especially in EGPA, myocar-
dial vasculitis, in addition to predisposing to arterial thromboembolus, endo-
cardial thickening, and thrombus may extend down the myocardial surface to
engulf the valvular apparatus or leaflets, classically affecting the atrioven-
tricular valves, leading to significant valve dysfunction (Ramakrishna et al.,
2000). Also in GPA, significant valvular stenosis or regurgitation is frequently
detected by echocardiography (about 15% of patients), with the mitral and
tricuspid valves most commonly affected (Oliveira et al., 2005).

Moreover, specific valve damage may sometimes occur during the acute
phase of the vasculitis and progress to valve distortion during lesion repair and
cicatrization (Davenport et al., 1994).

3.1.5 Conduction Tissue Involvement

Vasculitic or ischemic cardiomyopathy may involve nodal tissue, more
frequently the sinus node than atrioventricular branches, leading to secondary
heart block. Vasculitic or granulomatous involvement of the atrioventricular
node or bundle of His has also been reported (Eisen et al., 2009). Hence,
patients with vasculitis may develop a variety of conduction system disorders
and potentially require permanent pace-maker implantation (Sumitomo et al.,
2008). Complete atrioventricular heart blocks and bundle-branch blocks have
been mentioned particularly in medium- to small-sized vasculitides, as GPA
(Handa et al., 1997), EGPA (Rabusin et al., 1998), or PAN (Blétry et al., 1980).

3.1.6 Arrhythmia

Supraventricular, but also ventricular tachyarrhythmias may occur in the
setting of myopathic-induced elevations in left ventricular filling pressures or
ischemia or both. They mainly resolve within a few days of treatment for
vasculitis (Hu et al., 1997; Schiavone et al., 1985).

3.1.7 Aortic Dissections and Aneurysms

The aorta and its proximal branches are frequently involved in large vessel
vasculitis, that is, TAK and GCA (Fig. 14.4). Nevertheless, arteritis of the aorta
may occur in the setting of small vessel vasculitis such as Kawasaki disease
(Cormier et al., 2000;Kerr et al., 2000). Subclinical inflammation of the aorta can
be detected by transesophageal echocardiography and magnetic resonance
angiography. Rarely, aortitis resulting by a vasculitis of the vasa vasorum of the
aorta can be observed inANCA-associated vasculitides (Schildhaus et al., 2002).
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3.1.8 Pulmonary Hypertension

Pulmonary hypertension is infrequent, but can be secondary to concomitant
lung disease or recurrent lung embolism or by direct involvement of pul-
monary arteries. Pulmonary arteries are affected in 15e70% of patients with
TAK (Endo et al., 2003). In some instances, it can be the consequence of
constrictive pericarditis and/or restrictive cardiomyopathy (Grant et al.,
1994).

3.1.9 Thromboembolic and Proximal Vascular Complications

Intracardiac thrombosis has been documented in EGPA and GPA, and patients
with active small vessel vasculitis have also been found to be at an increased
risk for venous thromboembolic disease (Merkel et al., 2005). Moreover,
thromboembolic events can commonly complicate necrotizing vasculitis, that
is, Kawasaki disease, Behçet disease, Buerger disease, PAN, and the vasculitis
of rheumatoid arthritis. Intracardiac thrombus with or without endomyocardial
fibrosis or endomyocarditis can represent the onset manifestation of Behçet
disease (Ng et al., 2015).

FIGURE 14.4 Aortitis in patients with Takayasu’s arteritis. Positron emission tomogra-

phyecomputed tomography: hypermetabolic activity and enlargement of the thoracic aorta in a

patient with Takayasu’s arteritis.
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3.1.10 Secondary Cardiovascular Manifestations and Differential
Diagnoses

A careful differential diagnosis should be performed in all cardiovascular
manifestations occurring in vasculitides. In fact, primary cardiovascular dis-
eases should be distinguished by the involvement consequent to vasculitis.
Moreover, heart involvement can be secondary to other vasculitic organ
involvement or to treatment side effects.

3.2 Large Vessel Vasculitides

3.2.1 Giant Cell Arteritis

GCA, also called temporal or granulomatous arteritis, is the most common
vasculitis in populations with Northern European ancestry. This large vessel
vasculitis seldom presents below the age of 50 years (Salvarani et al., 2002).
The incidence increases with age and is higher in populations of northern
European origin than in Mediterranean countries (Fig. 14.2; Salvarani et al.,
1995).

It rarely causes cardiac problems but the considerably increased relative
risk, up to 17 times, to develop thoracic aortic aneurysm and aortic dissection
is poorly known. This was initially reported in a population-based cohort study
of 96 patients of whom 11 had thoracic aortic aneurysm. At least 20% of
patients with GCA develop aortitis. Many of these develop an aortic aneurysm
as a consequence. Although there is a risk of spontaneous aortic rupture
without aneurysmal dilatation secondary to vessel wall weakening and
necrosis, this event is exceedingly rare, with only rare cases reported in the
literature (Klein et al., 1975; Salvarani et al., 2002). Bruits may be heard on
auscultation over the carotid, subclavian, axillary, and brachial arteries. Absent
or decreased pulses are present in the neck or arms. Such patients may have
few of the usual symptoms of GCA, so the diagnosis may be initially
overlooked.

Data from surgical case series and autopsy studies suggested a high rate of
aortic involvement in GCA. In retrospective studies of patients treated surgi-
cally for aneurysms of the thoracic aorta, routine histological examination of
the operative specimen indicated noninfectious aortitis in 4e12% of cases.
GCA was the second most common cause after idiopathic aortitis, with
8e30% of case.

Thoracic aortic aneurysms are 17 times more likely to develop in patients
with GCA than in persons without this disease (Evans et al., 1995). This
complication occurs as a late event, usually several years after the diagnosis
and often after the patient’s other symptoms have subsided. The aneurysm may
rupture and cause the patient’s death. However, the mortality rate in patients
with GCA is similar to that expected in general populations of similar age and
sex (Salvarani et al., 2002).
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In the clinical suspicion of large vessel GCA, arteriography, computerized
tomography (CT) scanning, and magnetic resonance (MR) angiography are the
diagnostic modalities required. Contrast-enhanced CT and MR angiography
are largely replacing conventional angiography in delineating extent of dis-
ease. In large vessel arteritis, these will show thickening of the arterial wall
with crescents and indistinct vascular borders. They may also show alternating
stenotic segments or occlusion. Additionally, these studies are excellent at
detecting aneurysms or dissections secondary to vasculitis (Stanson, 2000).

Ultrasound can be useful in determining flow patterns and stenosis in
vessels. It may also show a “halo sign” (hypoechoic halo around the vessel
lumen on color duplex ultrasound of the involved artery), which has been
shown to be associated with active inflammation on temporal artery biopsy.

Coronary arteritis is a rare but potentially fatal complication of GCA.
Patients may present with chest pain, dyspnea, chronic heart failure,
arrhythmia, and sudden cardiac death (Karger and Fechner, 2006). Concom-
itant cardiovascular risk factors, commonly present in this elderly population,
make the differentiation between vasculitis- and atherosclerosis-induced cor-
onary artery disease challenging. Pericarditis has been described in several
case reports (Guillaume et al., 1991).

3.2.2 Takayasu’s Arteritis

TAK is a systemic granulomatous large vessel vasculitis with a phenotype that
overlaps with GCA. In the Chapel Hill Consensus Conference 2012, these two
syndromes were the only categories within the LVV classification without a
change in definition from the first, 1993, consensus statement (Jennette et al.,
2013). Similarities in the pathology and distribution of vascular lesions have
led to claims that TAK and GCA are one disease (Grayson et al., 2012), but
genotypic, phenotypic, and racial differences have been described (Furuta
et al., 2015).

TAK affects the aortic arch and its proximal branches (see Fig. 14.4).
Ethnic differences in the pattern of involvement of the aorta are reported both
in adult and in child. Japanese adults have been shown to have predominant
aortic arch involvement, while Asian Indian patients seem to have prepon-
derance of thoracic and abdominal aorta involvement. North American
patients with childhood TAK also tend to have aortic involvement similar to
that seen in adult patients from the Asian Indian population.

The disease characteristically evolves in three phases (Kerr, 1994). Sys-
temic symptoms develop and then resolve over several weeks, while arteritis
takes root. This arteritis also resolves, with an ensuing asymptomatic period
(mean duration of 8 years) before vasoocclusive signs and symptoms develop.
During the initial phase, systemic symptoms are noted only in less than half of
the cases, especially European patients, whereas they are rare in Japanese
patients. The disease is monophasic and self-limited for 20% of the patients.
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Cardiac and vascular features include blood pressure difference of
extremities (45e69%), claudication (38e81%), carotidynia or vessel tender-
ness (13e32%), hypertension (28e53%), aortic regurgitation (20e24%),
pericarditis (<8%), and congestive heart failure (<7%).

Severe cardiovascular complications of TAK are caused by fibrotic thick-
ening of the aortic arch and its branches and, more rarely, complicated by
thromboembolic events. Histological findings are granulomatous inflammation
and adventitial sclerosis, predominantly at the adventitia-media junction.
Occasionally, vascular inflammation spreads from the aorta to the proximal
epicardial coronary arteries and may cause coronary insufficiency and
myocardial infarctions (Park et al., 2005).

3.3 Medium-Sized Vessel Vasculitides

3.3.1 Polyarteritis Nodosa

PAN is a primary systemic necrotizing vasculitis predominantly targeting
medium-sized arteries defined as the main visceral arteries and their branches.
Small arteries may also be involved but small vessels, including arterioles,
capillaries, and venules, are characteristically spared. The diagnosis is made
by biopsy of affected tissue(s) and/or by angiography revealing characteristic
microaneurysms and/or stenoses. In the past, systemic necrotizing vasculitis
was generally considered as PAN or related variants. The annual incidence of
PAN currently ranges from 0 to 1.6 cases/million inhabitants in European
countries and its prevalence is about 31 cases/million. PAN affects patients of
any gender, age, or ethnic background (Fig. 14.2). The peak incidence occurs
in the fifth to sixth decades of life. Before vaccination against HBV was
available, more than one-third of adults with PAN were infected by HBV.
Currently, less than 5% of patients with PAN are HBV-infected in developed
countries.

Cardiac involvement in PAN was already mentioned in the first publication
(Küssmaul and Maier, 1866), which described a case of “nodular coronaritis,”
and it was subsequently reported with frequencies ranging from 10% in
clinical studies of PAN patients (Frohnert and Sheps, 1967) to 78% in
histopathological study (Holsinger et al., 1962).

In clinical and necropsy series including 283 patients, congestive heart
failure (27%) and hypertension (37%) were found to be common cardiac
presentations of PAN, whereas myocardial infarction was rare (2%). PAN
presenting with acute myocardial infarction and complicated by multiple
coronary aneurysms is also very rare.

Several reports describe PAN in patients with coronary artery disease. Most
of these patients had myocardial infarctions due to angiographically or
pathologically diagnosed narrowing or occlusion of the coronary arteries.
Multiple vascular aneurysms are the most typical angiographic finding of PAN
and is also one of the criteria for the disease. Some case reports have
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demonstrated aneurysms and stenotic changes in the coronary arteries (2e4).
A few case reports have described acute myocardial infarctions with coronary
dissection.

Congestive heart failure occurs in 6e57% in PAN. It is specific and/or can
result from other vasculitis-related organ involvement or disorders, mainly
hypertension and/or renal involvement (Blétry et al., 1980). Congestive heart
failure may thus also be attributed to coronary artery or myocardial arteriolar
infarcts, caused by immune complex deposition, resulting in disseminated
necrotic foci, mostly in the left ventricle. The right ventricle may also be
involved (Blétry et al., 1980).

Pericardial involvement occurs in 5 to 30% of PAN patients (Fig. 14.3B;
Hu et al., 1997; Schrader et al., 1985). About half of the first reported cases of
pericardial effusion were indeed secondary to uremia, which is much less
frequent nowadays since diagnosis and therapeutic management of PAN
patients has been improved.

Sinus tachycardia is usual and nonspecific. Arrhythmias and conduction
disorders, mainly supraventricular, can occur in 2e19% of patients because of
arteritis of the sinus node or neighboring nerve fibers.

Aortic dissection is a rare complication, resulting from diffuse vasculitis of
the vasa vasorum, but was reported in one patient with HBV-related PAN,
which evolved to fatal tamponade (Iino et al., 1992). Dissections of proximal
aortic branches have also been reported, but some were attributed to other
causes, such as atherosclerotic aneurysms (Hachulla et al., 1993; Hautekeete
et al., 1990; Lomeo et al., 1989), syphilis, cystic media necrosis, trauma,
sepsis, or hypertension.

3.3.2 Kawasaki Disease

Kawasaki disease, or mucocutaneous lymph-node syndrome, was first reported
in Japanese with clinical observation of 50 cases by Dr. Kawasaki in 1967
(Kawasaki, 1967). The disease affects children mostly those aged
8e24 months in North America and 6e11 months in Asia and is associated
with arterial vasculitis. Although inflammation is present in medium-sized and
small arteries throughout the body, coronary arteries are the main target.

After myocardial infarction in Kawasaki disease was reported in 1974,
many reports showed that cardiac lesions, such as coronary dilatation, coro-
nary aneurysms, coronary narrowing, myocardial infarction, and valvular
lesions, often occur in patients with Kawasaki disease, which is now recog-
nized as the leading cause of acquired heart disease in children in the devel-
oped world.

Up to 25% of untreated children develop coronary lesions, with a peak
3e4 weeks into the illness, but treatment with intravenous immunoglobulin
improves clinical outcomes and reduces the proportion of coronary lesions to
less than 5%. Patients with cardiac lesions are more likely to be older, male,
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and to have higher white blood cells count, C-reactive protein levels, and
platelet count, as well as lower albumin levels.

In 2014 the Japanese Circulation Society (JCS) published a consensus
guideline, where patients are risk stratified based on the severity of the
coronary artery lesions and likelihood of complications, including myocardial
ischemia and congestive heart failure. In patients with coronary artery aneu-
rysms (CAA) or with early, transient coronary artery dilatations, the JCS
advises an ECG and echocardiogram at 1, 2, 6, and 12 months, and a final
evaluation at 5 years with an exercise ECG. For patients diagnosed with
persisting CAA after the acute phase, the guideline advises a more intensive
and prolonged follow-up with additional imaging modalities.

The JCS recommends follow-up for patients with small aneurysms at
30 days after the acute illness with an echocardiogram and ECG every
3 months until the dilatation has disappeared. Patients with medium-sized
aneurysms should be more intensely evaluated, that is, every 1e3 months
with (exercise) ECG, echocardiography, and chest X-ray until dilatation is no
longer observed and should undergo MR Coronary Angiography every
5 years.

Patients with persistent large coronary artery aneurysms may, however,
develop acute coronary syndromes in adulthood (Takahashi, 1993). Fewer than
1e2% of the patients succumb to sudden death due to coronary artery
thrombosis or aneurysm rupture with subsequent acute myocardial infarctions
(responsible for 80% of the deaths), myopericarditis, congestive heart failure,
and/or arrhythmia.

Half the patients may have electrocardiographic abnormalities (first-degree
atrioventricular block, or sinus tachycardia, but rarely ventricular arrhythmia).
Myocarditis and pericarditis are rare, occurring in half and 25% of the patients
with cardiac complications during the initial phase of the disease, respectively.

Mitral insufficiency has been observed in less than 1% of the cases and
aortic regurgitation even less frequently.

3.4 Small Vessel Vasculitides

3.4.1 Granulomatosis With Polyangiitis

GPA, formerly Wegener granulomatosis, is a necrotizing vasculitis of medium
and small size vessels with granulomatous lesions classically involving the
upper and lower respiratory tract and the kidneys. Evidence of C-ANCA,
detected in the sera of more than 80% of WG patients with systemic forms
(Kallenberg et al., 1992), is useful in making the diagnosis.

Symptomatic heart involvement is seen in a small percentage of patients
with GPA. Pericarditis and arrhythmias are the most commonly reported
abnormalities, occurring in 1e6% of patients (Fig. 14.3A). Coronary arteritis,
aortic regurgitation, and aortic valvular lesions simulating endocarditis have
also been reported. Arrhythmias tend to be supraventricular and are
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hypothesized to occur as a result of sinus node dysfunction, which may be
secondary to pericardial inflammation (Forstot et al., 1980). Involvement of
the conduction system structures is uncommon, although atrioventricular
block has been reported (Eisen et al., 2009).

Myocarditis, coronary arteritis, and cardiac thrombus are less frequent
manifestations, each occurring in less than 1e2% of patients. Valvular
lesions (mainly aortic) are rare, but histological examination can demonstrate
specific lesions, with polymorphous microabscesses with minute and
remarkable geographic necrosis and granulomatous inflammation. Subclini-
cal cardiac involvement, however, may be much more frequent. In an
echocardiographic study of patients with GPA, 31% were found to have
abnormalities attributable to vasculitis or granulomatosis. Of these, wall
motion defects were seen in 65% of patients, decreased left ventricular
ejection fraction in 50%, pericardial effusions in 19%, and valvular lesions in
15% (Oliveira et al., 2005).

Coronary arteritis, as in PAN, is clinically silent in most GPA patients, but
can nonetheless be responsible for foci of myocardial infarcts and eventually
lead to congestive heart failure, with left ventricular systolic dysfunction
detected echocardiographically in 22% of the patients (Morelli et al., 2000).

GPA is a vasculitis of small- and medium-sized and vessels and therefore
involvement of the aorta and its proximal branches is not expected. However,
they, as well as the more distal branches such as iliac or popliteal arteries
(Allen et al., 1984) can sometimes be involved, causing proximal dilatation
(Grant et al., 1994), dissection (Blockmans et al., 2000), or thickening (Fink
et al., 1994; Goodfield et al., 1995).

3.4.2 Eosinophilic Granulomatosis With Polyangiitis

EGPA, formerly Churg-Strauss syndrome, is an eosinophil-rich necrotizing
vasculitis of small-to-medium blood vessels (Jennette et al., 2013), with an
incidence of 2e4 cases per million patients per year in the UK (Watts et al.,
2000). Diagnostic criteria require the presence of any four or more of the
following: asthma, eosinophilia greater than 10%, neuropathy, pulmonary
infiltrates, paranasal sinus abnormality, or extravascular eosinophils (Masi
et al., 1990). Prognosis is usually good, with 91% of patients achieving
remission, 25% relapsing, and 11% dying from complications of vasculitis,
although Guillevin et al. (1999b) showed that the strongest predictors of poor
outcome are cardiac involvement, severe gastrointestinal disease, and pro-
teinuria greater than 1 g/day (Hemmett et al., 2015).

Cardiac involvement is well documented in EGPA with a widely varying
incidence of 17e92% depending on the diagnostic modality used for
diagnosis, including postmortem examination. Recent reviews showed a
prevalence of 60% after detailed cardiac evaluation using cardiac MRI
(Dennert et al., 2010; Marmursztejn et al., 2009).
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Recently, a distinction between ANCA-positive and ANCA-negative
EGPA has been emphasized, the first being significantly associated with
renal involvement, peripheral neuropathy, and biopsy-proven vasculitis,
whereas the latter is associated with cardiac involvement.

Histologically, myocardial damage is rarely caused by small-vessel
vasculitis but rather by the in situ production of toxic mediators, thus
supporting the phenotypic differences between ANCA-positive and
ANCA-negative EGPA.

Any cardiac structure can be involved, and patients present with myocar-
ditis, heart failure, pericarditis, arrhythmia, coronary arteritis, valvulopathy, and
intracavitary cardiac thrombosis. Although cardiovascular involvement is usu-
ally an early manifestation, it can also occur later in the course of the disease.

A significant proportion of patients with cardiac involvement are asymp-
tomatic. In the absence of symptoms and major ECG abnormalities, cardiac
involvement may be detected in nearly 40% of the patients. All patients with
EGPA should be studied not only with a detailed history of cardiac symptoms
and ECG, but also with echocardiography; if abnormalities are detected, a
cardiac magnetic resonance study should be performed. Coronary angiography
and endomyocardial biopsy should be reserved to selected cases.

Pulmonary hypertension secondary to concomitant pulmonary involvement
may also induce right ventricular dysfunction. Moreover, heart failure
associated with dilatative cardiomyopathy is possible but uncommon, and only
few cases have been described.

Cardiomyopathy may result from vasculitis-related ischemia affecting
small myocardial vessels and coronary arteries (Hellemans et al., 1997), from
myocardial eosinophilic infiltration sometimes followed by fibrotic scar tissue
or, more rarely, from granulomatous infiltration of the myocardium (Cohen
et al., 1995).

Many features of EGPA cardiomyopathy are shared with eosinophilic
endomyocardiopathy, which includes different pathologies: idiopathic hyper-
eosinophilic syndrome, hypersensitivity myocarditis, Loeffler disease and
endomyocardial fibrosis, transplant rejection, giant cell myocarditis, toxic
myocarditis, parasitic infections, eosinophilic leukemias, T-cell lymphomas,
and carcinomas (Pearce et al., 1999). During the first stage of these eosino-
philic cardiomyopathies, eosinophils infiltrate the tissue and the proteins
(major basic protein, cationic protein, eosinophil-derived neurotoxin) they
release induce local toxic reactions (Tai et al., 1984; Terasaki et al., 1997) that
potentially evolve to scarring and fibrosis. However, EGPA is distinguished
from idiopathic hypersensitivity syndrome by its less intense eosinophilic
infiltration, less frequent fibrosis, and the presence of myocardial foci of
necrosis and angiitis.

Acute and chronic constrictive pericarditis, valvular disease, and sudden
cardiac arrest are other known features of heart involvement in EGPA
(Azzopardi et al., 1999).
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Pericardial effusion occurs in up to 22% of EGPA patients. Tamponade has
been reported and is usually easily controlled with corticosteroids, but may
have a relapsing course (Hasley et al., 1990). Pericardial biopsy or
pericardiectomy may show granulomatous nodules in the epicardium and can
serve as the basis for a histological diagnosis of EGPA (Sharma et al., 1993).

Echocardiography may show wall-motion abnormalities, signs of pericar-
ditis, or intraventricular thrombus. Coronary abnormalities can be ruled out by
left-heart catheterization. Cardiac MRI provides a detailed anatomic descrip-
tion of the lesions; both first-pass deficits and late gadolinium enhancements
are suitable to detect myocarditis and myocardial fibrosis. Therefore, active
inflammation and fibrous changes are difficult to differentiate. Cardiac MRI
anomalies were also described in patients with no clinical symptoms and
otherwise normal cardiac work-up, but the clinical and therapeutic implica-
tions of such findings are not clear.

In 32 patients with EGPA Dennert observed no relationship between the
duration of EGPA, prior corticosteroid or immunosuppressive therapy, and
cardiac manifestations. Seventy-four percent of ANCA-negative patients
showed cardiac involvement, and wall motion disturbances were the most
frequent finding in up to 64% of the patients. In contrast, cardiac abnormalities
could be detected in only 23% of ANCA-positive patients (Dennert et al.,
2010).

Pathology findings suggest that myocardial fibrosis develops rapidly during
the course of EGPA; consequently, immediate and aggressive immunosup-
pressant treatment might be indicated to prevent chronic heart failure. Whereas
there are reports of partial and complete recovery of left ventricular function in
patients treated with corticosteroid monotherapy or combination of cortico-
steroid with cytotoxic agents, it appears that patients treated with cytotoxic
agents have better responses as compared with those treated with corticoste-
roid alone.

Although steroids and immunosuppressants may be effective during the
early stages of EGPA myocarditis, fibrosis or residual cardiac insufficiency
may thereafter progress on their own and require heart transplantation. The
results of heart engraftments in EGPA have been mitigated: in two
transplanted patients, one recipient had no EGPA recurrence, but died of
infectious complications 3 years post-transplant (Yeatman et al., 1996) and
EGPA reappeared either in the transplanted heart (Henderson et al., 1993) or at
extracardiac sites (Thomson et al., 1989) despite potent immunosuppression in
the other patients.

3.4.3 Microscopic Polyangiitis

MPA was classified by the Chapel Hill Consensus Conference as an
ANCA-associated necrotizing small-sized vessel vasculitis, with little or no
immune-complex deposition, that primarily affects the kidneys and lungs.
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Medium-sized arteries might be concerned, even though the disease is pre-
dominantly considered to involve small-sized arteries, arterioles, capillaries,
and venules.

Involvement of small vessels of the heart is quite rare. MPA-associated
cardiac insufficiency is found in approximately 10% of the patients. Pericar-
ditis is equally rare. Among 85 French MPA patients, respective heart failure
and/or pericarditis rates were 17.6% and 10%. Severe, acute, congestive heart
failure was reported, but rarely with documented myocardial infarction due to
myocardial or coronary small vessel arteritis. However, subclinical myocardial
infarctions may be more frequent, as in PAN and other small vessel vascu-
litides (Villiger and Guillevin, 2010).

MPA with lung and kidney involvement appears to be associated with
P-ANCAwhereas heart involvement may be more frequent in ANCA-negative
patients (Wang et al., 2002) as in EGPA.

3.4.4 Henoch-Schönlein Purpura

HSP is the most common of the systemic vasculitides and affects people of all
ages, but is mainly a disease of children under 10 years. It is characterized by
leukocytoclastic vasculitis, affecting the skin, kidney, joints, and gastrointes-
tinal tract.

Cardiac involvement is not recognized as a feature of HSP, with only
isolated cases described, but can be severe, even if it generally responds to
immunosuppressive therapy.

Subclinical cardiac involvement can be hypothesized by the observation of
deposits of IgA and C3 in intramyocardial vessel walls, resolving after
immunosuppressive therapy (Kereiakes et al., 1984). Myocardial infarction
(Agraharkar et al., 2000), conduction abnormalities, and/or congestive heart
failure (Polizzotto et al., 2006) have also been described.

3.4.5 Cryoglobulinemic Vasculitis

Cryoglobulinemic vasculitis is one of the most important extrahepatic mani-
festations of HCV chronic infection. Vasculitis and other extrahepatic
HCV-related manifestations are recently included in so-called HCV syndrome
(Fig. 14.5). More than 80% of the cases of mixed cryoglobulinemia are now
attributed to HCV infection (Ferri et al., 1991b; Rieu et al., 2002). Cardiac
manifestations are reported in 4e8% of patients with cryoglobulinemic
vasculitis. Pericarditis, myocardial ischemia, and acute heart failure, the usual
presenting syndromes, are caused by immune complexemediated vasculitis
(Terrier et al., 2013).

Congestive heart failure may be seen in up to 30% of the patients, even
though myocardial infarction is often clinically silent, concerning less than
8.5% of the patients, and rarely diagnosed during the patients’ lifetime
(Rieu et al., 2002). Other cardiovascular manifestations, such as hypertrophic
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myocardiopathy, have been reported in HCV-infected patients, mainly in series
from countries of eastern Asia (Matsumori, 2005).

3.5 Other Vasculitic Diseases

3.5.1 Behçet Disease

Behçet disease involves widespread vasculitis with recurrent oral and genital
ulcers and ocular symptoms as well as musculoskeletal, neurological, car-
diac, pulmonary, and gastrointestinal system involvement. The disease is
generally seen in the third and fourth decades; it is rare for the disease to
occur during adolescence or after the age of 40 years. The prevalence in
males and females differs according to the region. In countries of the Middle
East, the disease is seen more among males, whereas it is more frequent
among females in the countries of North Europe and the United States
(Saadoun and Wechsler, 2012).

FIGURE 14.5 Clinical manifestations of HCV. The spectrum of different HCV-associated

immunological and neoplastic disorders may be classified on the basis of clinicoepidemio-

logical, histopathological, and molecular biology studies, into three different levels: (1) high: the

association with HCV infection has been largely demonstrated and HCV infection is one of the

major triggering agents of the disease; (2) medium: the disease shows a significantly higher

prevalence of HCV infection compared to controls; (3) low: the possible association is suggested

by limited clinicoepidemiological observations. AIH, autoimmune hepatitis; B cell NHL, B cell

non-Hodgkin lymphoma; GN, glomerulonephritis; HCC, hepatocellular carcinoma; HCV, hepatitis

C virus, MC vasculitis, mixed cryoglobulinemia vasculitis; MGUS, monoclonal gammopathy of

undetermined significance; PAN, polyarteritis nodosa; PCT, porphyria cutanea tarda; P-DM, poly-

and dermatomyositis; Type 2 DM, type 2 diabetes mellitus.
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Cardiovascular involvement in Behçet disease ranges from 7% to 46%,
with vasculitis lesions affecting both veins and arteries of all sizes. Cardiac
involvement may occur in the form of intracardiac thrombus, endocarditis,
myocarditis, pericarditis, endomyocardial fibrosis, coronary arteritis,
myocardial infarction, and valvular disease. Recently, some studies have
demonstrated subclinical left ventricular dysfunction in the early stage of
disease.

Cardiovascular manifestations occur within the first year after diagnosis in
one-quarter of the cases and can even reveal the disease. Venous lesions (30%
of the patients) are more common than arterial disease. Most arterial
involvement is clinically silent (Lakhanpal et al., 1985; Wechsler et al., 1999).
The main localizations are the abdominal aorta and the pulmonary arteries.
Pulmonary artery aneurysms and/or thrombosis, with subsequent caval
syndrome (Hughes-Stovin syndrome), may occur in 1.1% of the patients and
carries a poor prognosis (Hamuryudan et al., 1994; Stricker and Malinverni,
1989).

Pericardial involvement has been reported as the most common manifes-
tation of cardiac involvement in some series (Bletry et al., 1988). The clinical
presentation may be acute pericarditis, hemorrhagic pericardial tamponade,
constrictive pericarditis, recurrent pericarditis, or asymptomatic pericardial
effusion (Okcun et al., 2003). Endomyocardial involvement typically mani-
fests as endomyocardial fibrosis on the right and/or left side of the heart.

Intracardiac thrombus is a frequently reported serious complication of
Behçet disease and it is especially common in Middle Eastern and Mediter-
ranean countries. Intracardiac thrombosis is more commonly seen in young
adults, and sometimes is the first manifestation of disease (Mendes et al.,
1994).

Coronary arteries are involved in 33% of patients with cardiac manifes-
tations (Bletry et al., 1988), including occlusions, stenoses, aneurysms, or
spasms. Coronary thrombosis arteritis has been also histologically documented
(Lakhanpal et al., 1985).

The prognosis of cardiac lesions is poorer than that of lesions in others
organs involved in Behçet disease, but anticoagulation, immunosuppressant
agents, and colchicine seem to improve the prognosis of these patients (Hatemi
et al., 2008).

3.5.2 Buerger Disease

Thromboangiitis obliterans, or Buerger disease, was found in 0.5e5% of
hospitalized patients with arterial occlusive disease in Europe and up to 16%
of patients in Japan. It can affect all races (Horton, 1988).

Since 1966 less than 20 patients with coronary arteries or myocardium
involvement have been described. Coronary angiography revealed predomi-
nant involvement of the left anterior descending and right coronary arteries;
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one patient presented a normal arteriography. Coronary involvement may be
seen only as another clinical consequence of tobacco toxicity, known to be the
leading causative factor of this disease (Joyce, 1990; Shionoya, 1993; Somer,
1993).

3.5.3 Cogan Syndrome

Cogan syndrome is a rare idiopathic chronic inflammatory disease of the eye
and the inner ear in young adults. There is no predisposition for race or gender.
The characteristics of Cogan syndrome are nonsyphilitic interstitial keratitis
and audiovestibular dysfunction resembling Ménière disease. Systemic
nonspecific features (fever, fatigue, weight loss, lymphadenopathy, arthritis,
and urticarial) are frequent, while in 15e20% of patients with Cogan
syndrome, there are overt signs of systemic vasculitis. The vasculitis mainly
involves small, medium-sized, and/or large vessels (Vollertsen et al., 1986).
Aortitis is described in 10% of patients and can lead to proximal aorta dilation,
aortic valvular regurgitation, ostial coronary artery involvement, and thor-
acoabdominal aneurysms. Aortitis is usually associated with ostium coronary
artery stenosis.

Distal coronary artery stenoses and aneurysms, pericarditis, and conductive
heart tissue involvement have also been reported (Cochrane and Tatoulis,
1991).

3.6 Hypersensitivity Myocarditis

Hypersensitivity myocarditis is relatively rare. Its clinical signs are nonspe-
cific, occur in the setting of generalized drug reactions with eosinophilia, and
can mimic vasculitis. Among many drugs that have been linked to the
development of hypersensitivity myocarditis, the main ones include: sulfon-
amides, methyldopa, and penicillins, which are incriminated in 75% of cases
(Kounis et al., 1989). Prior uneventful exposure to the suspected medication is
one of the criteria for diagnosing hypersensitivity myocarditis. Clinical and
in vivo recognition of eosinophilic myocarditis is infrequent, whereas it
accounts for up to 0.5% of unselected myocarditis autopsy series (Ginsberg
and Parrillo, 2005; Kendell et al., 1995; Kounis et al., 1989). No vasculitis is
seen and myocardial damage is usually less extensive than in EGPA.

The diagnosis of hypersensitivity myocarditis is suggested by the presence
of signs and symptoms of drug hypersensitivity (rash, fever, eosinophilia)
associated with nonspecific cardiac findings. These may include ECG
changes, unexplained tachycardia, or serum cardiac enzyme elevations.
Clinically the patient may present with symptoms of heart failure, ECG
abnormalities such as nonspecific ST-T changes or sinus tachycardia,
arrhythmias, or even sudden death. An endomyocardial biopsy remains the
gold standard for diagnosis of myocarditis. However, this is a highly invasive
procedure that is not routinely performed. Other noninvasive strategies include
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scintigraphy, contrast-enhanced MRI, and echocardiography. However, the
diagnosis of myocarditis is still largely dependent on clinical suspicion rather
than definitive diagnostic tests.

After withdrawal of the responsible medication, the majority of the patients
recover in a few days without sequelae. Immunosuppressive treatment may,
however, be required when cardiac involvement is severe and/or because of
late diagnosis.

4. EVOLUTION AND PROGNOSTIC FACTORS

Outcome of vasculitides largely varies among different diseases; the relapse
rate also varies, from 5% for HBV-related PAN (Guillevin et al., 1995b) to
23.4% for EGPA (Guillevin et al., 1999b), 34.1% for MPA (Guillevin et al.,
1999b), and more than 50% for GPA (Hoffman et al., 1992). However, the
introduction of more recent drugs, such as rituximab, could bring significant
change in the prognosis of these diseases. Cardiac involvement may dramat-
ically worsen the prognosis, particularly for EGPA patients. Death due to acute
heart failure, arrhythmia, or massive myocardial infarction can occur during
the initial acute phase, or later during the course of the disease, from refractory
residual cardiac failure.

Cardiac, renal, gastrointestinal, and/or central nervous system involvements
have been shown to be associated with poor outcome in 342 patients with PAN or
EGPA (Guillevin et al., 1996). The five-factor score (FFS) is a prognostic score
including all these parameters. Five-year mortality is 12%when FFS is null, 26%
whenFFS is 1, and 46%when FFS is 2 ormore (p < .001). Application of the FFS
to MPA patients has also been validated (Gayraud et al., 2001).

Birmingham vasculitis activity score (BVAS) (Luqmani et al., 1994; Stone
et al., 2001), another scale aiming to assess the activity of systemic necrotizing
vasculitis, also includes the cardiac involvement. Cardiac manifestations
included in the BVAS are new loss of pulse(s) with/without threatened loss of
limb, aortic incompetence, myocardial infarction/angina, cardiomyopathy,
bruits, and pericarditis. However, because this score was designed only to
reflect the severity and current extent of active disease in patients, its use
should be restricted to the evaluation of therapeutic efficacy, primarily in trials.

Finally, the vasculitis damage index (VDI) (Exley et al., 1997) has been
developed to assess organ damage in systemic necrotizing vasculitides. It in-
cludes some cardiovascular manifestations, namely angina/coronary bypass,
myocardial infarction, second myocardial infarction, cardiomyopathy, valvular
disease, pericarditis, and hypertension.

5. TREATMENT

In combination with symptomatic therapies (e.g., angiotensin inhibitors,
angiotensin II-receptor blockers, antiarrhythmic drugs, anticoagulants) or
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cardiac surgery (valve replacement, pericardiectomy) when needed, specific
treatments for these vasculitides have to be used in patients with vasculitis
and cardiovascular involvement. Before the introduction of corticosteroids
(CS) in the 1970s, survival was 10% for untreated PAN patients (Frohnert
and Sheps, 1967). Since then, it has increased to 55% with the use of CS
alone, and to 82% at 5 years with combined CS and immunosuppressive
therapy (Guillevin et al., 1988; Leib et al., 1979). Therapeutic decisions to
treat and with which agents should rely on the presence or not of a poor
prognosis at FFS.

5.1 Large Vessel Vasculitides

5.1.1 Giant Cell Arteritis

Treatment of GCA, with or without large vessel disease, is principally based
upon high-dose corticosteroids with the dose titrated according to symptoms
and inflammatory indices. A dose of 40e60 mg/day is usually accepted for the
first 2 weeks before a slow taper (maximum of 10% reduction every one to 2
weeks) according to response with a total treatment time of 2 years. Initial
intravenous pulse methylprednisolone (1000 mg every day for 3 days) can be
tried in patients with recent or impending visual loss. CS may prevent, but
usually do not reverse fixed visual loss.

The response to CS is rapid, with resolution of many symptoms after a few
days of therapy. A gradual tapering of 10% of the total every 4 weeks should
be evaluated after 2e4 weeks from the beginning of the treatment. A relapse
can occur when the CS dose is reduced or withdrawn too quickly. However, in
about 30e50% of the patients, spontaneous disease exacerbations occur, more
frequently in the first 2 years, independent of the CS reduction schedule
(Salvarani et al., 1987). No consistently reliable predictors of duration of CS
therapy have been found.

Even despite apparently effective steroid therapy, there is some evidence
that a high risk of thoracic aortic complication persists in the GCA patient.
Among 5 of 13 patients previously requiring ascending aortic surgery devel-
oped, or showed progression of, aneurysmal change in the remaining aorta
during follow-up despite medical therapy (Zehr et al., 2005).

CS-sparing agents have been tried, such as methotrexate, azathioprine,
dapsone, hydroxychloroquine, or tumor necrosis factor alpha (TNFa)
blockers, with inconstant results (De Silva and Hazleman, 1986; Jover et al.,
2001; Mahr et al., 2007).

The only immunosuppressant with proven benefits in this situation is
methotrexate, which has been reported to diminish both the cumulative
corticosteroid dosage and the relapse risk (Salvarani et al., 2002). However,
this drug may be added in patients who need high CS doses to control active
disease and have developed major side effects or when a relapse occurs.
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A recent pilot study found that infliximab was efficacious in patients with
CS-resistant GCA (Cantini et al., 2001).

Cyclophosphamide (CYC) has been proposed in CS-dependent GCA or for
patients suffering from the iatrogenic effects of CS. Several case reports also
highlight that CYC has been successfully used in life-threatening or severe
GCA, for example, with central nervous system or digestive involvement (de
Boysson et al., 2013).

Three randomized clinical trials investigated the efficacy of anti-TNFa
drugs in GCA, two enrolling patients with newly diagnosed GCA (Hoff-
man et al., 2007; Seror et al., 2014), the third one enrolling patients with
long-standing GCA (Martı́nez-Taboada et al., 2008). These studies globally
showed a marginal role for anti-TNFa in patients with recent onset dis-
ease, while anti-TNF biologic agents could have a role in relapsing, long-
standing GCA.

Balloon angioplasty has been widely described for treatment of stenoses
and occlusions owing to TA and GCA. The balloon sizing should be conser-
vative to avoid vessel dissection or rupture. Stents are rarely needed and
should only be employed for the management of a flow-limiting dissection or
significant vessel recoil and should be avoided in younger patients. Stents may
be needed in older patients with GCA who may have concomitant athero-
sclerotic disease.

No clear evidences are available for the timing of elective surgical repair of
GCA-related disease; therefore, current criteria for elective intervention are
based on the strategies applied to other noninfective disease processes, such as
arteriosclerotic disease (Isselbacher, 2005). The same principles should be
applied for aortic valvular disease and any combination of potentially affected
structures.

5.1.2 Takayasu’s Arteritis

Treatment of TAK arteritis aims to contrast the ischemic manifestations,
reducing vascular surgery and bypass procedures. CS are still the mainstay of
treatment for TAK arteritis.

However, despite a frequent initial disease remission, relapses and CS
dependence are observed in more than 60% of patients (Kötter et al., 2012).
More than half of the patients need a combination therapy to achieve a
sustained remission with low-dose CS.

In these cases, immunosuppression may also be required, and might
include cyclophosphamide or methotrexate (Hoffman et al., 1994). Recently,
some retrospective studies have showed that anti-TNFa drugs are able to
induce remission in the majority (70e90%) of TAK patients unable to achieve
or maintain remission with CS and synthetic immunosuppressants alone
(Comarmond et al., 2012). However, about half of the patients who achieve
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remission will have further relapse(s), thereby implying the need for long-term
therapy in some patients.

5.2 Medium-Sized and Small Vessel Vasculitides

5.2.1 Kawasaki Disease

Intravenous immunoglobulin and aspirin remain the first-line standard initial
therapy. Although the mechanism of action of intravenous immunoglobulins is
unknown, a single dose of 2 g/kg, given over 10e12 h, together with high-dose
oral aspirin (80e100 mg/kg/day) within 10 days of fever onset results in rapid
resolution of clinical symptoms in 80e90% of patients and has been shown to
reduce the risk of coronary disease from 20e25% to about 2e4% (Newburger
et al., 1991). Aspirin should be decreased to 3e5 mg/kg/day with long-term
maintenance therapy in patients who have developed coronary aneurysms
(Leung et al., 1998). Two recent important Japanese studies evaluated the
utility of adjunctive steroids as initial therapy in “high-risk” patients (Ogata
et al., 2012; Kobayashi et al., 2012). In selected, nonresponder patients,
infliximab, methotrexate, or cyclosporine could be proposed (Burns et al.,
2008; Suzuki et al., 2011; Lee et al., 2008). Coronary angioplasty, endoarterial
procedures, or coronary bypass surgery may be needed in severe progressing
forms (Sugimura et al., 1997).

5.2.2 Primary Systemic Necrotizing Vasculitides

The introduction of CS and cyclophosphamide transformed more necrotizing
vasculitides from a fatal to a largely treatable condition. Over the past
40 years, considerable progress has been made in optimize immunosuppres-
sive regimens with a significant increase of safety.

Recently, anti-CD20 antibody rituximab has been approved for the
treatment of ANCA-associated vasculitis, increasing the therapeutic options.
Rituximab is also superior to cyclophosphamide for maintaining remission.
Blocking the C5a-receptor seems promising as well as an alternative for high-
dose corticosteroids during induction of remission.

5.2.3 Corticosteroids

Despite there are no randomized controlled trials to support their use, CS
remain the first choice for all necrotizing vasculitides with cardiac manifes-
tations. Evidence is also lacking to guide dosage and overall duration of
therapy, but usually initial therapy includes 1e3 days of methylprednisolone
pulse (15 mg/kg/day), followed by high-dose oral prednisone (at least 1 mg/
kg/day). This full oral dose should be maintained until clinical and biological
improvement is achieved, generally within 1 month, and then gradually
tapered over 12e18 months.
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5.2.4 Cyclophosphamide

CYC was introduced empirically for induction treatment of ANCA associated
vasculitis over 40 years ago, and remains one of the two recommended
induction strategies (alongside rituximab) for patients with severe disease.
Fauci et al. (1979) demonstrated the efficacy of adjunctive CYC in patients
whose vasculitides were not controlled with CS alone. Pulse intravenous CYC
should be combined with CS for patients with PAN, MPA, or EGPA and a high
FFS, like those with cardiomyopathy and every patient with systemic GPA.

Pulse therapy acts more rapidly and engenders fewer side effects (hem-
orrhagic cystitis, leukopenia) than oral administration. However, oral CYC is
also effective as first-line therapy for GPA, and may nonetheless achieve
remission in patients who did not respond to the pulse CYC regimen (Gayraud
et al., 1997; Reinhold-Keller et al., 1993). Doses, intervals between pulses, and
duration of CYC treatment have to be adjusted for each patient. Briefly, each
CYC pulse (0.5e0.7 mg/m2) is administered every 15 days for the first three
boluses, then every 3 weeks (for GPA and MPA), or monthly (for PAN and
EGPA). When preferred (in GPA) or needed (e.g., after failure of pulse CYC),
oral CYC (2 mg/kg/day) should be prescribed.

To reduce exposure and cumulative toxicity of CYC, sequential therapy
with azathioprine, mycophenolate mofetil, or methotrexate is frequently pre-
scribed (Walsh et al., 2014; Faurschou et al., 2012; Hiemstra et al., 2010).
Moreover, methotrexate was also proposed as induction therapy (De Groot
et al., 2005).

Anyway, in long-term follow-up, less cyclophosphamide was associated
with a higher risk of relapse, and methotrexate was associated with less-
effective disease control, although ultimately there was no increase in mor-
tality or long-term morbidity.

In patients with cardiac dysfunction, hydration during pulse CYC admin-
istration has to be carefully monitored. However, the potential but rarely
reported cardiac side effects of CYC (Gharib and Burnett, 2002; Hochster
et al., 1995) must definitely not prevent its use in patients with specific
cardiomyopathy, because CYC is clearly the most effective drug used to date.
It has been shown that delaying treatment can favor the progression to
myocardial infarction, intractable cardiac failure, and eventual myocardial
fibrosis in EGPA patients with heart involvement. Conversely, the rare cases of
valvulitis occurring in the context of GPA have been reported to respond to
therapy (Gerbracht et al., 1987), as conductive heart blocks, even though a
pacemaker might be needed temporarily (Forstot et al., 1980; Handa et al.,
1997; Schiavone et al., 1985; Suleymenlar et al., 2002).

5.2.5 Rituximab

Rituximab is an unconjugated chimeric monoclonal IgG1k antibody against
CD20, a transmembrane protein exclusively expressed by B cells. CD20 is
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expressed by mature B cells, but not by stem cells, early B-cell precursors, or
plasma cells. Rituximab has become a valuable alternative treatment for
necrotizing vasculitides and it has been approved for the treatment of MPA or
GPA by several international regulatory agencies. Two randomized controlled
trials have independently shown its noninferiority to CYC in severe newly
diagnosed or relapsing MPA or GPA (Jones et al., 2010; Stone et al., 2010).
There is also growing evidence of efficacy in eosinophilic GPA patients
(Muñoz et al., 2015).

CYC and rituximab showed similar efficacy in patients with renal
involvement, irrespective of diagnosis or antibody specificity (Geetha et al.,
2015). In PR3-ANCA patients, rituximab was superior to cyclophosphamide
and noninferior in MPO-ANCA patients (Sanders et al., 2006). Whereas
vasculitic manifestations responded well to rituximab treatment, significantly
lower response rates were seen in granulomatous manifestations, in particular
in cases with orbital masses.

The available evidence provides some guidance for the choice of treatment
in the individual patient. It may be reasonable to treat young patients with
fertility concerns, relapsing patients, and PR3-positive GPA patients with
rituximab rather than with cyclophosphamide. Rituximab demonstrated also to
be able to reverse myocarditis with atrioventricular block in a GPA patient
(Brihaye et al., 2008).

However, the long-term efficacy of rituximab remains to be further
characterized, and the established long-standing experience with
cyclophosphamide as an effective remission-inducing drug justifies its further
use, in particular in areas of uncertainty, such as life-threatening disease,
ANCA-negative disease, or severe granulomatous disease.

5.2.6 Other Therapies

Plasma exchanges may be useful as second-line therapy for refractory PAN or
MPAwith rapidly progressive glomerulonephritis (Guillevin and Bussel, 2000;
Pusey et al., 1991), but are contraindicated for patients with unstable cardiac
conditions. Other immunosuppressants (methotrexate, azathioprine, myco-
phenolate mofetil) should preferentially be kept for maintenance therapy,
when indicated, that is, for GPA and MPA, or PAN and EPGA with multiple
relapses (De Groot et al., 1996; Nowack et al., 1999).

Other biologic drugs than rituximab have been evaluated useful for patients
with intractable vasculitides, in particular anti-TNFa antibodies (Bartolucci
et al., 2002), but they should be carefully monitored since these antibodies are
theoretically contraindicated in patients with coronary artery disease and/or
heart failure (Weisman, 2002). Abatacept, in addition to CS and azathioprine,
methotrexate, or mycophenolate mofetil, was safe and effective in a small
number of patients and allowed to discontinued CS in 11/15 patients (Langford
et al., 2014). Because they can prevent aneurysms formation in Kawasaki
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disease, it may be expected that parenteral immunoglobulins would also be
effective in ANCA-associated vasculitides. First reports of their use in patients
with refractory vasculitides have yielded encouraging but mixed results (Jayne
et al., 1991, 2000).

5.2.7 Virus-Related Vasculitides

When vasculitides are related to viral infection, a specific approach is needed,
combining antiviral treatments and plasma exchanges.

5.2.7.1 Hepatitis B Virus-Related Polyarteritis Nodosa

Current therapeutic approaches consider treating mild forms of primary PAN
(with FFS ¼ 0) with prednisone at doses of 1 mg/kg/day and subsequent
tapering when remission is achieved (Ribi et al., 2010) and in life-threatening
situations or rapidly progressive disease, therapy with intravenous CS pulses.
When prednisone cannot be tapered below 15e20 mg/day without recurrence
or in presence of critical organ involvement indicated by an FFS � 1,
immunosuppressants are given in addition to CS; usually orally or intravenous
CYC (1000 mg/day of 6-methylprednisolone for 3 days) may be tried
(Guillevin et al., 2003). After the induction of the remission with CYC,
azathioprine or methotrexate are advised to maintain remission. Surgery may
be required only for some disease complications, such as perforation/rupture,
ischemia, or hemorrhage of the gastrointestinal organs or kidneys (Pagnoux
et al., 2005).

In patients with HBV-associated vasculitis, combination of short cortico-
steroid treatment with plasma exchanges and antiviral therapy, such as lam-
ivudine or entecavir, may be effective in controlling disease activity and in
facilitating viral seroconversion. Contrarily to idiopathic or primary PAN,
relapses are rare in HBV-related PAN and never occur when viral replication
has ceased and seroconversion has been achieved (Pagnoux et al., 2010).
Although the existing experience is more limited, the same approach (short
glucocorticoid treatment followed by specific antiviral therapy) may be suit-
able for other virus-associated PAN.

5.2.7.2 Hepatitis C Virus-Related Mixed Cryoglobulinemic Vasculitis

A correct strategy should deal with two concomitant factors: HCV infection
and autoimmune disorder. Considering the HCV as triggering and possibly
perpetuating agent of the cryoglobulinemic vasculitis through a chronic trigger
on the immune system, HCV eradication treatment should be attempted in all
patients with HCV infection. The long-term effects of HCVeradication need to
be deeply investigated, particularly the outcome of HCV-related immunolog-
ical alterations, including cryoglobulinemia and its clinical manifestations.
Immunosuppression with rituximab or CYC represents the pathogenetic
treatment of patients with vasculitis ( Ferri et al., 2011). These treatments also
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include steroids, low antigen content diet, and plasma exchange (Durand et al.,
1998; Pietrogrande et al., 2011; Guillevin and Bussel, 2000). Immunosup-
pressants are typically reserved for patients with severe disease features, such
as MPGN, sensory-motor neuropathy, and life-threatening complications.

5.2.8 Henoch-Schönlein Purpura

Patients with HSP and cardiac involvement must receive at least CS. Anec-
dotal data show that cytotoxic immunosuppressive therapy may prevent
infarction and a deleterious outcome (Osman and McCreery, 2000). In a case
report, treatment with steroids/cyclophosphamide has proved effective in
severe HSP with multiple organ involvement (Lutz et al., 2009).

5.3 Other Vasculitides

5.3.1 Behçet Disease

Pharmacological agents used for the treatment of Behçet disease include CS,
colchicine, azathioprine, and anti-TNFa drugs. Pericarditis has always been
treated with aspirin and immunosuppressive agents (Godeau et al., 1980).
Because of the high frequency of thromboses, anticoagulants are widely
prescribed, sometimes associated to CS and immunosuppressants. CS,
colchicine, or immunosuppressive drugs have been proposed for the treatment
of myocardial involvement, almost always associated with endomyocarditis
(Geri et al., 2012). High-dose prednisolone and azathioprine can be used,
along with the routine treatment of cardiac failure. Prognosis in these patients
becomes better with early diagnosis and intense immunosuppressive treatment.
Coronary artery aneurysms seem to carry a poorer prognosis than stenoses and
may therefore warrant immunosuppression. Valve disease and myocardial
dysfunction(s) may resolve with CS alone.

5.3.2 Buerger Disease

The only definitive therapy for Buerger disease is smoking cessation. In one
study, 94% of patients who quit smoking avoided limb amputation. Of the
patients who continued to smoke, 43% had at least one amputation (Olin,
2000). Vasodilators may be used to treat peripheral disease, with anti-platelet-
aggregating agents, such as aspirin, or anticoagulants. When cardiac ischemic
manifestations occur, patients should be managed as for common coronary
artery disease (Shionoya, 1993). There are no indications for CS or
immunosuppressants used to treat this entity.

5.3.3 Cogan Syndrome

While ocular manifestations may sometimes be treated with topical CS alone,
audiovestibular and systemic features of Cogan syndrome require systemic
therapy. The first choices in immunosuppressive therapy are glucocorticoids
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(prednisolone 1 mg/kg). In case of treatment failure or corticosteroid-sparing
therapy, other immunosuppressive drugs can be used such as cyclophospha-
mide, azathioprine, methotrexate, cyclosporine, mycophenolate mofetil, and
TNFa blockers. Bypass surgery or aortic valve replacement may be necessary
where there are severe ischemic symptoms or heart failure (Raza et al., 1998;
Vollertsen et al., 1986).

6. CONCLUSIONS

Cardiac involvement can be observed in all primary vasculitides, but often it is
unrecognized. Therefore, cardiovascular risk should be evaluated in all
patients with vasculitis and a careful follow-up should be reserved to the
patients at risk; since differential diagnosis with ischemic cardiomyopathies
can be difficult, a multidisciplinary approach with cardiologist and radiologist
should be taken in account in these patients.

Finally, since inflammatory and ischemic damage are not easily distin-
guishable, management of cardiac involvement should always consider
immunosuppressant, heart failure, ischemia-targeted drugs, and surgery; the
appropriated therapeutic approach should be evaluated in the single patient by
rheumatologist and cardiologist.
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Belzunegui, J., Mola, E.M., Bonilla, G., 2008. A double-blind placebo controlled trial of

etanercept in patients with giant cell arteritis and corticosteroid side effects. Ann. Rheum. Dis.

67, 625.

Masi, A.T., Hunder, G.G., Lie, J.T., Michel, B.A., Bloch, D.A., Arend, W.P., Calabrese, L.H.,

Edworthy, S.M., Fauci, A.S., Leavitt, R.Y., 1990. The American College of Rheumatology

1990 criteria for the classification of Churg-Strauss syndrome (allergic granulomatosis and

angiitis). Arthritis Rheum. 33, 1094.

Matsumori, A., 2005. Hepatitis C virus infection and cardiomyopathies. Circ. Res. 96, 144.

Mendes, L.A., Magraw, L.L., Aldea, G.S., Davidoff, R., 1994. Right ventricular thrombus: an
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Saadoun, D., Wechsler, B., 2012. Behçet’s disease. Orphanet J. Rare Dis. 7.

Salvarani, C., Macchioni, P.L., Tartoni, P.L., Rossi, F., Baricchi, R., Castri, C., Chiaravalloti, F.,

Portioli, I., 1987. Polymyalgia rheumatica and giant cell arteritis: a 5-year epidemiologic and

clinical study in Reggio Emilia. Italy Clin. Exp. Rheumatol. 5, 205.

Salvarani, C., Gabriel, S.E., O’Fallon, W.M., Hunder, G.G., 1995. The incidence of giant cell

arteritis in Olmsted County, Minnesota: apparent fluctuations in a cyclic pattern. Ann. Intern.

Med. 123, 192.

Salvarani, C., Cantini, F., Boiardi, L., Hunder, G.G., 2002. Polymyalgia rheumatica and giant-cell

arteritis. N. Engl. J. Med. 347, 261.

Sanders, J.S., Huitma, M.G., Kallenberg, C.G., Stegeman, C.A., 2006. Prediction of relapses in

PR3-ANCA-associated. vasculitis by assessing responses of ANCA titres to treatment.

Rheumatology (Oxford) 45, 724.

Savage, C.O., Winearls, C.G., Evans, D.J., Rees, A.J., Lockwood, C.M., 1985. Microscopic

polyarteritis: presentation. pathology and prognosisv. QJM 56, 467.

Schiavone, W.A., Ahmad, M., Ockner, S.A., 1985. Unusual cardiac complications of Wegener’s

granulomatosis. Chest 88, 745.

Schildhaus, H.U., Von Netzer, B., Dombrowski, F., Pfeifer, U., 2002. Atypical manifestation of a

cytoplasmic antineutrophil cytoplasmic antibody (PR3-ANCA)-associated vasculitis with

involvement of aortic intima and parietal endocardium. Hum. Pathol. 33, 441.

Schrader, M.L., Hochman, J.S., Bulkley, B.H., 1985. The heart in polyarteritis nodosa: a clini-

copathologic study. Am. Heart J. 109, 1353.

Schreiber, A., Xiao, H., Falk, R.J., Jennette, J.C., 2006. Bone marrow-derived cells are sufficient

and necessary targets to mediate glomerulonephritis and vasculitis induced by anti-

myeloperoxidase antibodies. J. Am. Soc. Nephrol. 17, 3355.

Seror, R., Baron, G., Hachulla, E., Debandt, M., Larroche, C., Puéchal, X., Maurier, F., de
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Key Points

l The available data on mortality in AS suggest that there is an increased
overall mortality and reduced life expectancy, which is independent from
radiation therapy. The increase in mortality is largely due to CV reasons.

l CV morbidity is also increased in AS. Current data suggest that the rate of
IHD, MI, and stroke seem to be more prevalent in AS than healthy
subjects.

l Men with AS face higher risk of CV morbidity and mortality.
l There is no clear association between traditional CV risk factors and

increased CV mortality and morbidity in AS. This may be explained by
complex multifactorial interactions between CV risk factors, inflammation,
structural cardiac abnormalities (i.e., AI), genetic predisposition, and
environmental agents.

l The prevalence of heart pathologies in patients with AS varies. Well-
defined structural abnormalities are aortic valve and myocardial in-
volvements. There is also an increased frequency of conduction system
disturbances. Majority of the patients who have these abnormalities remain
clinically asymptomatic.

l There is an increased prevalence of subclinical vascular involvement such
as impaired endothelial function and increased aortic stiffness in AS. The
further consequences of these findings in the development of macro-
vascular disease is currently unknown.

l Although there is a considerable gap in the literature, treatment modalities
(both pharmacological and nonpharmacological) possibly have a beneficial
effect on morbidity and mortality in AS. These may show their effects via
reducing pain and stiffness and therefore improving mobility and

The Heart in Systemic Autoimmune Diseases. http://dx.doi.org/10.1016/B978-0-12-803997-7.00015-6

Copyright © 2017 Elsevier B.V. All rights reserved. 383

http://dx.doi.org/10.1016/B978-0-12-803997-7.00015-6


functional performance. Additionally, treatment may decrease inflamma-
tion, which is possibly an offending factor for vascular injury.

l Considering the increased CV morbidity and mortality, there is a need for
developing prevention, treatment, and follow-up strategies in AS.

1. INTRODUCTION

Ankylosing spondylitis (AS) is a chronic inflammatory disease predomi-
nantly involving the axial skeleton. Presenting symptoms generally occur
before the age of 30 and men are affected more commonly compared to
women. The chronic and progressive nature of the disease may cause
spinal restriction and can adversely affect quality of life, as well as the
psychological and economic status of the patients (Poddubnyy and Sieper,
2012). The prevalence of AS has been reported to be as high as that of
rheumatoid arthritis with estimates ranging from 0.03% to 1.4% (Haroon
et al., 2014). There are several extraspinal manifestations that may
complicate the clinical course such as arthritis, acute anterior uveitis, in-
flammatory bowel disease, and psoriasis. Involvement of the cardiovascular
(CV) system and increased CV mortality and morbidity has been reported
in AS (Braun and Pincus, 2002; Zochling and Braun, 2009; Nurmohamed
et al., 2012; Haroon et al., 2015). This chapter focuses on various aspects
of CV involvement in AS.

2. CARDIOVASCULAR MORTALITY IN ANKYLOSING
SPONDYLITIS

Several studies reported an increased overall mortality in AS. In the initial
reports, performed during 1950s, there was an excess mortality rate because
of leukemia and cancer (Smith et al., 1977; Kaprove et al., 1980). This was
mainly due to the radiation therapy, which was one of the treatment options
for AS during that period. However, later studies in nonradiated patients have
confirmed the decreased overall life expectancy in AS (Radford et al., 1977;
Khan et al., 1981; Bakland et al., 2011; Mok et al., 2011; Exarchou et al.,
2015) with CV disease being the leading cause of death in most studies
(Khan et al., 1981; Bakland et al., 2011; Exarchou et al., 2015; Haroon et al.,
2015).

In 1977, Radford et al. (1977) reported that AS patients (n ¼ 836) with no
history of radiation therapy had a relative risk (RR) of 1.3 for CV and 1.7 for
cerebrovascular death. In this study total mortality from circulatory diseases
was increased in both men and women with AS. In 1993, Lehtinen et al. re-
ported increased overall mortality rates in AS (n ¼ 398). The observed/ex-
pected deaths from circulatory disease were 1.2 in which coronary and
cerebrovascular diseases were responsible for 60% and 25% of deaths,
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respectively (Lehtinen, 1993). In a small retrospective study by Khan et al. a
life table analysis of survival was conducted in 56 white AS patients. The
majority of patients (88%) in this study was male. There was a decrease in
survival among AS patients that was significant after 20 years of diagnosis.
Death was attributed to CV and cerebrovascular reasons in about half of the
deceased patients (Khan et al., 1981). In a Canadian study, Kaprove et al.
studied 62 male AS patients who did not receive radiation therapy and
revealed an observed/expected ratio of 1.3 for total mortality. This number was
not significant when compared to the general population (Kaprove et al.,
1980). An observational study including 677 AS patients followed in a hospital
in Norway reported that overall mortality was significantly increased in AS
compared to age- and sex-matched controls [standardized mortality ratio
(SMR): 1.61 [95% confidence interval (CI): 1.29e1.93]] (Bakland et al.,
2011). The increased risk was only present in the male patients (SMR: 1.63
[95% CI: 1.29e1.97]). Circulatory diseases were the most common cause
(40%) of death in that group (Bakland et al., 2011). In a Hong Kong study,
among 2154 AS patients, overall age- and sex-adjusted SMR was significantly
higher in the patients compared to the general population (SMR: 1.87 [95%
CI: 1.61e2.13]) (Mok et al., 2011). The age-adjusted SMR was significantly
higher in men (SMR: 1.94 [95% CI: 1.65e2.22]) but not in women
(Table 15.1). The leading causes of death among AS patients were infection
(29%), cancer (17%), respiratory diseases (14%), and CV diseases (12%)
(Mok et al., 2011). A population-based cohort study in Sweden (8600 AS and
40,460 controls) also confirmed the results of previous studies indicating that
all-cause mortality was significantly higher in patients with AS compared to
the general population with an age- and sex-adjusted hazard ratio (HR) of 1.60
(95% CI: 1.44e1.77) (Exarchou et al., 2015). In the Swedish study, both men
(HR: 1.83, 95% CI: 1.50e2.22) and women (HR: 1.53, 95% CI: 1.36e1.72)
had increased overall mortality. The major cause of death in the AS cohort was
CV disease (34.7% vs. 30.6% compared to controls) (Exarchou et al., 2015). In
a recent, large population-based study (21473 AS and 86,606 controls) among
Ontario residents in Canada, Haroon et al. (2015) showed that vascular mor-
tality was significantly higher in AS patients compared to the general popu-
lation. In the Canadian study, there was a 36% higher risk for vascular
mortality when adjusted for baseline CV risk factors (HR: 1.36 [95% CI:
1.13e1.65]). When stratified according to sex, this risk was particularly sig-
nificant among the male subjects (HR: 1.46 [95% CI: 1.13e1.87]). Compared
to non-AS comparators, patients with AS had 60% higher risk for cerebro-
vascular mortality (HR: 1.60 [CI: 1.17e2.20]) and 35% higher risk for CV
mortality (HR: 1.35 [CI: 1.07e1.70]) (Haroon et al., 2015) (Table 15.1).

In summary, there is convincing evidence that overall mortality is increased
in AS compared to the general population. The enhanced mortality is largely
due to the CV reasons and both sexes, particularly men, are at risk.
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TABLE 15.1 Summary of Mortality Studies Focusing on Circulatory Diseases in Patients With Ankylosing Spondylitis (AS)

AS (n) Male (%)

Cardiovascular

Mortality

Total Circulatory

Mortality Total Mortality

Radforda,b, UK (Radford et al., 1977) 836 62 Male 1.4 (NA) 1.5 (NA) 1.8

Female 1.1 (NA) 1.3 (NA) 1.2 (NS)

Total 1.3 (NA) 1.4 (NA) 1.6

Lehtinena,b, Finland (Lehtinen, 1993) 398 87 1.2 (NA) 1.5 (NA)

Kaprovea, Canada (Kaprove et al., 1980) 62 100 1.22 (NS) 1.3 (NS)

Baklandc, Norway (Bakland et al., 2011) 611 76 Male 1.63

Female 1.38 (NS)

Total 1.61

Mokc, Hong Kong (Mok et al., 2011) 2,154 83 Male 1.94

Female 1.38 (NS)

Total 1.87

Exarchoud, Sweden (Exarchou et al., 2015) 8,600 66 Male 1.53

Female 1.83

Total 1.60

Haroonb,d, Canada (Haroon et al., 2015) 21,473 53 Male 1.46

Female 1.24 (NS)

Total 1.35 1.36

Note that patients in those studies did not expose to radiation therapy. Numbers indicate significant values unless NA (data not available) or NS (not significant) present.
aObserved/expected ratio.
bStudies reporting cerebrovascular mortality in AS.
cStandardized mortality ratio.
dHazard ratio.

3
8
6

T
h
e
H
eart

in
System

ic
A
u
to
im

m
u
n
e
D
iseases



3. VASCULAR MORBIDITY IN ANKYLOSING SPONDYLITIS

Despite the association of AS with increased CV death, the underlying eti-
ology of this enhanced mortality is still unknown. The occurrence of CV
events, that is, myocardial infarction (MI) and stroke was evaluated in several
studies. Han et al. (2006) studied 1843 AS patients and 7372 controls in
PharMetrics Patient-Centric Database, a database that contains fully adjudi-
cated medical service and prescription drug claims from health plans across
the US, and revealed that age- and sex-adjusted prevalence ratio of ischemic
heart disease (IHD; 1.2 [95% CI: 1e1.5]), peripheral vascular disease (PVD;
2.4 [95% CI: 1.2e2.2]), congestive heart failure (1.8 [95% CI: 1.2e2.6]), and
cerebrovascular disease (1.7 [95% CI: 1.3e2.3]) were higher in patients than
controls. Peters et al. (2010) performed a survey using a standardized ques-
tionnaire to estimate the prevalence of MI in patients with AS, aged between
50 and 75 years. Only 65% of the patients (n ¼ 383) responded to the ques-
tionnaire. There was an increased prevalence of MI even taking into account
the nonresponder patients (considered as non-MI) in the total group with an
age- and gender-adjusted odds ratio (OR) of 1.9 (95% CI: 1.2e3.2). Inter-
estingly, the sex-stratified analysis was significant only for women in this
analysis (OR: 5.7 [95% CI: 2.1e15.8]) (Peters et al., 2010). Kang et al. (2010)
studied 11,701 AS patients and documented an increased frequency of IHD
both in male (OR: 2.32 [95% CI: 1.74e3.09]) and female (OR: 4.49 [95% CI:
2.78e7.26]) AS patients. In contrast, there was no increased risk for stroke
among patients with AS (OR: 1.01 [95% CI: 0.87e1.17]) (Kang et al., 2010).
A registry study from Southern Sweden evaluated the common comorbidities
in AS (n ¼ 935) (Bremander et al., 2011). They revealed higher prevalence of
IHD both in male (SMR: 2.18 [95% CI: 1.71e2.74]) and female (SMR: 2.27
[95% CI: 1.32e3.64]) patients. However, the prevalence of MI specifically
was not different from the general population (Bremander et al., 2011). A
population-based study in Canada showed that age- and sex-standardized
prevalence ratios with respect to IHD (1.37 [95% CI: 1.31e1.44]), cerebro-
vascular disease (1.25 [95% CI: 1.15e1.35]), and any hospitalization for a CV
or cerebrovascular disease (1.31 [95% CI: 1.22e1.41]) was significantly
increased in the AS group compared to the general population of Quebec
(Szabo et al., 2011). A Taiwanese study in younger AS patients (n ¼ 4794)
showed a significant increase in IHD compared to age- and sex-matched
controls, with an adjusted HR of 1.47 (95% CI: 1.13e1.92) (Huang et al.,
2013). In a retrospective cohort study of 1686 AS patients recruited from
primary care/general practitioner records, Brophy et al. (2012) found no sig-
nificant differences in terms of age- and gender-adjusted HRs for MI 1.28
(95% CI: 0.93e1.74) and for cerebrovascular disease/stroke 1.0 (95% CI:
0.73e1.39) compared to the controls in the same registry. In another Taiwa-
nese study, Chou et al. (2014) studied 6262 AS patients and found an increased
risk of acute coronary syndrome in the AS cohort compared to the control
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population registered in the National Health Insurance Research Database in
Taiwan (adjusted HR: 1.36 [1.16e1.59]). This risk was significant in both
males (aHR: 1.34 [1.08e1.66]) and females (aHR: 1.33 [1.06e1.66]) (Chou
et al., 2014). In a recent meta-analysis Mathieu et al. (2015) showed a higher
frequency of MI (OR: 1.60 [95% CI: 1.32e1.93]) and stroke (OR: 1.50 [95%
CI: 1.39e1.62]) in AS. Ungprasert et al. conducted a systematic review and
meta-analysis of observational studies that compared the risk of coronary ar-
tery disease in patients with AS versus non-AS controls. They showed that AS
was associated with a 1.41-fold increased risk of coronary artery disease
compared with non-AS participants (pooled risk ratio 1.41 [95% CI:
1.29e1.54]) (Ungprasert et al., 2015) (Table 15.2).

4. CARDIOVASCULAR RISK FACTORS IN ANKYLOSING
SPONDYLITIS

There are several modifiable and nonmodifiable risk factors associated with CV
disease. The five leading modifiable risk factors including hypertension (HT),
diabetes mellitus type-2 (DM), hypercholesterolemia, obesity, and smoking are
estimated to be responsible for more than half of CVmortality in US adults aged
45e79 years (Patel et al., 2015). The aforementioned epidemiological studies
have demonstrated an increased CV morbidity and mortality in AS. However,
limited information is available regarding the CV risk factors in AS.

There are several case-control studies focused on the association of AS and
CV risk factors. Unfortunately, small sample size and other methodological
issues make it difficult to interpret the results of these studies. More robust
data are available from large-scale epidemiological studies. Han et al. (2006)
showed an increase in the prevalence of comorbidities including HT (RR: 1.3
[95% CI: 1.1e1.4]) and hyperlipidemia (HL; RR: 1.2 [95% CI: 1.1e1.3]) in
AS. On the other hand, DM was not different compared to controls (RR: 1.2
[95% CI: 1.0e1.4]) (Han et al., 2006). Similar observation was documented by
a study from Taiwan (HT; OR: 1.87 [95% CI: 1.75e1.99], HL; OR: 1.46 [95%
CI: 1.35e1.57] and DM; OR: 1.11 [95% CI: 0.98e1.22]) (Kang et al., 2010).
Brophy et al. (2012) revealed an increase in the frequency of HT (OR: 1.65
[95% CI: 1.47e1.85]) and type II diabetes (OR: 1.27 [95% CI: 1.09e1.49])
but not in HL (OR: 1.12 [95% CI: 0.95e1.33]). A Swedish study also reported
higher prevalence of HT (SMR: 1.98 [95% CI: 1.72e2.28]) and DM (SMR:
1.41 [95% CI: 1.1e1.78]) and unchanged frequency of HL (SMR: 1.26 [95%
CI: 0.89e1.22]) in the AS group compared to controls (Bremander et al.,
2011). In their mortality study, Exarchou et al. (2015) showed that presence of
DM predicted mortality in the AS group with an age- and sex-adjusted HR of
1.92 (95% CI: 1.51e2.45). Haroon et al. (2015) found that enhanced vascular
mortality in AS patients was independent of HT and DM. In a meta-analysis,
there were no differences in terms of blood pressure, glucose levels, and
atherogenic index (the ratio of total cholesterol/HDL cholesterol) between AS
and control groups (Mathieu et al., 2011) (Table 15.3).
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TABLE 15.2 Summary of the Studies Reporting Cardiovascular and Cerebrovascular Morbidity in Ankylosing Spondylitis (AS)

AS (n) Male (%) IHD MI

Cerebrovascular

Disease/Stroke

Hana, USA (Han et al., 2006) 1,843 61 1.2 (NS) 1.7

Petersb, Netherlands (Peters et al., 2010) 593 76 Male 1.60 (NS)

Female 5.75

Total 1.94

Kangb, Taiwan, (Kang et al., 2010) 11,701 79 Male 2.32 1.01 (NS)

Female 4.49 1 (NS)

Total 2.74 1.01 (NS)

Bremanderc, Sweden (Bremander et al., 2011) 935 67 Male 2.18 1.29 (NS)

Female 2.27 1.45 (NS)

Total 2.20 1.32 (NS)

Szabod, Canada (Szabo et al., 2011) 8,616 56 1.37 1.25

Brophye, Wales (Brophy et al., 2012) 1,686 76 1.28 (NS) 1.0 (NS)

Huange, Taiwan (Huang et al., 2013) 4,794 74 1.47

Numbers indicate significant values unless NA (data not available) or NS (not significant) present. IHD, ischemic heart disease; MI, myocardial infarction.
aRelative risk.
bOdds ratio.
cStandardized mortality ratio.
dStandardized prevalence ratio.
eHazard ratio.
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Smoking and its association with various aspects of AS have been studied
extensively. Based on the available data, smoking has an unfavorable impact on
disease activity, function, and treatment responses in AS. Some studies also
suggested smokers have earlier disease onset, increased acute phase proteins,
and higher syndesmophyte formation (Poddubnyy et al., 2012; Ciurea and
Finckh, 2013;Wendling and Prati, 2013; Glintborg et al., 2015). However, many
of the large epidemiological studies provided limited information regarding
lifestyle variables (e.g., smoking) making it difficult to assess their role on the
development of CV disease in AS. In addition, the lack of such data also pre-
clude us from estimating whether or not smoking frequency is increased in AS.

Obesity, defined by excessive fat mass, is a global epidemic that affects all
age groups in both developed and developing countries. There are several
methods for determining obesity. The most commonly used ones are the
calculation of the body mass index (BMI) and the waist circumference. More
reliable but sophisticated methods are skinfold thickness measurement,
bioelectric impedance analysis, dual energy X-ray absorptiometry, computer-
ized tomography, and magnetic resonance imaging modalities (Cornier et al.,
2011). There are contradictory results regarding the prevalence of obesity in AS.

TABLE 15.3 Summary of Epidemiologic Studies Focusing on Cardiovascular

Risk Factors

N

Male

(%) Hypertension

Diabetes

Mellitus

Type 2 Hyperlipidemia

Hana, USA
(Han et al.,
2006)

1,843 61 1.3 1.2 (NS) 1.2

Kangb,
Taiwan
(Kang et al.,
2010)

11,701 79 Male 2.02 1.09 (NS) 1.42

Female 1.45 1.15 (NS) 1.57

Total 1.87 1.11 (NS) 1.46

Bremanderc,
Sweden
(Bremander
et al., 2011)

935 67 Male 2.02 1.35 1.27 (NS)

Female 1.9 1.83 (NS) 1.23 (NS)

Total 1.98 1.41 1.26 (NS)

Brophyb,
Wales
(Brophy
et al., 2012)

1,686 76 1.65 1.27 1.12 (NS)

Numbers indicate significant values unless NA (data not available) or NS (not significant) present.
aRelative risk.
bOdds ratio.
cStandardized mortality ratio.
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Two epidemiological studies from Taiwan studied several CV risk factors as
well as obesity in AS. Kang et al. (2010) reported that patients with (n¼ 11,701)
or without (n ¼ 58,505) AS had comparable frequencies of obesity. In another
study, among 2895 AS patients, Keller et al. (2014) reported significantly lower
obesity rate in AS compared to 11,580 non-AS subjects. However, both studies
had considerably lower number of subjects with obesity (n ¼ 123 and 31,
respectively) suggesting an effect of underreporting or missing information,
which may possibly contribute a bias when interpreting the results (Kang et al.,
2010; Keller et al., 2014). In a meta-analysis, comparison of CV risk profiles in
case-control studies showed no significant difference between BMI of AS pa-
tients and comparators (Mathieu et al., 2011). Studies on body composition in
AS provided conflicting results with some suggesting altered body fat distri-
bution in AS (Sari et al., 2007; Toussirot et al., 2013) while others not (Dos
Santos et al., 2001; Toussirot et al., 2001; Plasqui et al., 2012). Based on the
available information it is currently not possible to provide a link between
obesity and excess CV morbidity/mortality in AS.

The metabolic syndrome (MetS) is a cluster of metabolic abnormalities
including obesity, insulin resistance, glucose intolerance, hypertension, and
dyslipidemia. It is an important risk factor for the subsequent development of
type 2 diabetes and/or CV disease. Some studies proposed an increased
prevalence of MetS in AS. In a rather small group of 24 patients, Malesci et al.
(2007) reported that nearly half had MetS according to the NCEP-ATP III
criteria. In a subsequent study, Papadakis et al. (2009) showed that MetS was
significantly higher in men with AS compared to controls (34.9% vs. 19.0%).
Meta-analysis of the published studies also suggested an increased relative risk
of MetS in AS (RR: 2.13 [95% CI: 1.48e3.06]) (Mathieu et al., 2011).

In conclusion, there is no clear association between CV risk factors and
increased CV mortality and morbidity in AS. It is more likely that multifac-
torial interactions such as inflammation, CV risk factors, genetic predisposi-
tion, and possibly environmental agents are responsible for the increased risk
of CV morbidity and mortality in AS.

5. AORTIC DISEASE IN ANKYLOSING SPONDYLITIS

Aortitis and insufficiency of the aortic valve are among the most important and
earliest defined CV manifestation of AS. Histologically, aortitis is defined by
the presence of inflammatory infiltrates in the medial and/or intimal layers of
the tissue. If inflammatory burden is restricted to the adventitia, the term
periaortitis is more apt (Stone et al., 2015). Postmortem studies have provided
detailed information about the nature of aortic involvement in AS. Bulkley and
Roberts (1973), in an autopsy study of eight male patients with AS and severe
aortic insufficiency (AI), found that aortic valve cusps and the proximal aortic
wall behind and above the sinuses of Valsalva were thickened. Another finding
was a subaortic fibrous ridge resulting from adventitial scar tissue that
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extended to the left ventricle, just below the aortic valve. In some patients, this
scarring extended to the base of the mitral valve and into the intraventricular
septum (Bulkley and Roberts, 1973). Intimal proliferation, advential scarring
with thickening, and medial scarring were seen in histology. Obliterative
vessel disease was seen with the infiltration of plasma cells and lymphocytes
(Bulkley and Roberts, 1973). The histological pattern of aortitis in AS is thus
lymphoplasmacytic (Stone et al., 2015). Although rare, thoracic or abdominal
aorta may also be affected (Hull et al., 1984; Grewal et al., 2014).

One of the most important consequences of aortic involvement is the
development of “lone” AI, which refers to aortic incompetency without
accompanying stenosis (Bergfeldt, 1997). Dilatation of the aortic root, fibrotic
thickening, and downward retraction of the bases of the cusps, and inward
rolling of the edges or margins of the cusps can cause aortic valve incompe-
tency (Bulkley and Roberts, 1973; Bergfeldt, 1997). Before the advent of
echocardiography the estimated prevalence of AI was around 1e10%. In a
survey of 222 AS patients Ansell et al. (1958) reported 2 patients had AI with a
frequency of 0.9%. A study with 75 AS patients revealed 8 (10.7%) of them
had AI (Weed et al., 1966). Another report, among 97 AS patients, showed that
AI was present in 10 patients (10.3%) (Kinsella et al., 1974).

Later studies using echocardiography, provided more detailed information
regarding prevalence and the affected anatomical structures in AS. Johnsen
et al. studied the prevalence of AI in the Norwegian Sami population. Among
349 volunteers who underwent echocardiography 8.8% had AI compared to
18% in AS patients (Johnsen et al., 2009). This prevalence figure was repli-
cated in a recent study with 187 patients, which showed 18% of the group had
varying degrees of AI (Klingberg et al., 2015). In a study of 88 AS patients and
31 controls, Yildirir et al. (2002) showed 9 patients (20%) but none of the
controls had AI.

There are also some reports based on transesophageal echocardiography. In
a study with 44 AS patients and 30 age- and sex-matched controls, 16% of the
patients showed AI whereas none of the controls had aortic involvement
(Roldan et al., 1998). In contrast, Park et al. (2012) showed only 1 patient with
AI in a group of 70 AS patients and 25 healthy controls. In a different
methodology, Hollingworth et al. (1979) studied 20 “lone” AI patients and did
not find any patient with sacroiliitis or HLA-B27 positivity. With the same
approach Qaiyumi et al. (1985) evaluated 100 consecutive cases of “lone” AI
for the prevalence of spondyloarthritis. Four patients were found to have AS
and three had Reiter syndrome. Overall 7 (7%) patients had sacroiliitis
(Qaiyumi et al., 1985). Another study in patients undergoing aortic valve
replacement surgery for AI noted that among 887 patients, 3 (0.3%) had a
background of AS (Kawasuji et al., 1982). In a Swedish study, Bergfeldt et al.
(1988) investigated several group of patients to identify HLA-B27eassociated
disease and its relation with “lone” AI. In the first group, authors focused on
patients with pacemakers. In that group, among 479 patients (5 had also
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cardiac valve surgery) there were 24 patients with “lone” AI of whom 7 were
diagnosed as AS (1.5% of the total pacemaker group). In the second group
they also identified patients who underwent cardiac valve surgery (n ¼ 59)
because of “lone” AI. They reported that 4 out of 59 patients (6.8%) had a
diagnosis of AS. In their third group, among 14 outpatient “lone” AI patients
the prevalence of AS was found to be 14.2% (Bergfeldt et al., 1988). Olson
et al. (1984) found that 3 (1.3%) out of 225 patients who received surgical
aortic intervention because of “lone” AI indeed had AS. The etiology of the AI
was evaluated in 160 patients in Finland. There were only 2 (1.3%) patients
with a diagnosis of AS (Uusimaa et al., 2006).

Echocardiographic assessment of AS patients allows the visualization of
aortic structures in detail. Roldan et al. (1998) reported that 82% of their
patients had some degree of aortic root and/or valve involvement as compared
with 27% of controls. Thickening of the aortic valve (41% vs. 10%), dilatation
of aortic root (25% vs. 7%), and increased aortic stiffness (61% vs. 10%) were
significantly different from controls. They also showed 25% of their patients
had a subaortic bump (none present in controls), which is indicative of sub-
aortic ridges (Roldan et al., 1998). In a small study, aortic root dilatation
(ARD) was present in 6 (26%) out of 23 patients (Thomas et al., 1982). In
contrast, none of the 22 controls had ARD. In that study the prevalence of AI
was 4.3% (Thomas et al., 1982). Similarly, Yildirir et al. (2002) reported that
aortic root dimensions of the AS patients were significantly higher than in
controls. In a group of 35 patients and 20 controls, investigators did not find
any AI and the ARD were similar between the patients and the controls.
However, 17% of the AS patients had subaortic bump (Tucker et al., 1982).
LaBresh et al. (1985) studied 36 patients (26 were diagnosed as AS) and re-
ported that subaortic fibrous ridging and aortic valve thickening was present in
31% and 2.8% of the patients, respectively. The ARD were not different be-
tween patient and control groups (LaBresh et al., 1985). In a study including
57 consecutive patients with AS and 78 healthy subjects, researchers showed
aortic diameter and strain were significantly higher in the patient group
(Moyssakis et al., 2009). Another study also showed impaired aortic elasticity
in a group of 35 AS patients compared to 30 controls (Demiralp et al., 2004).
The aortic systolic and diastolic diameters were not different between the
groups (Demiralp et al., 2004).

Aortic and valvular disease appears to occur more commonly in patients
with a longer disease duration. Graham and Smythe (1958) reported that the
prevalence of AI was noted in 3.5% of AS patients with <15 years of disease
duration and in 10% with 30 years of disease. Roldan et al. noted that age and
disease duration were the factors related with the aortic disease in AS. In their
study, during follow-up of nearly 4 years, 24% of the patients developed new
aortic root or valve abnormalities, in 12% existing valve regurgitation wors-
ened significantly and in 20% previously observed abnormalities were
resolved (Roldan et al., 1998). In another study, researchers reported that AI
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was related to increasing age and longstanding disease and the frequency of AI
was increased from 20% in the 50s to 56% in the 70s (Klingberg et al., 2015).
In that study, disease duration was an independent predictor of the AI (OR:
1.05; 95% CI, 1.01e1.8) (Klingberg et al., 2015). In a group of 95 subjects
(AS ¼ 70, controls ¼ 25), Park et al. (2012) reported that 77% of the AS
patients and 30% of the controls had aortic valve thickening. They also showed
increased aortic stiffness and ARD, which were significant only in patients
with >10 years of disease duration (Park et al., 2012). However, other studies
did not support this relationship with aortic disease. O’Neill et al (1992)
studied 24 AS patients who had at least 10 years of disease duration and 24
healthy controls. The frequency of AI was 8.3% and comparison of patients
with or without cardiac disease was not different in terms of age and disease
duration (O’Neill et al., 1992). In addition, some studies highlighted the
presence of aortic disease in patients with short disease duration (Tucker et al.,
1982). The involvement of the aortic structures seems not restricted to the
adult AS patients. Studies in juvenile patients showed young age patients are
also at risk. In a study of 20 juvenile onset SpA, 4 (20%) of them had AI
(Gerster et al., 1987). Further study with 36 juvenile SpA and 33 healthy
controls showed that 3 patients (8%) had AI (Stamato et al., 1995). None of the
patients and controls had ARD. In that study there were no relation with
disease duration and AI (Stamato et al., 1995). A third study included 20
juvenile onset AS, 31 adult AS, and 20 controls (Jimenez-Balderas et al.,
2001). Based on their data ARD was present in 58% of the adult AS patients,
in 30% of the juvenile AS patients, and in 0% in the control group. None of the
patients and controls had an AI in that study (Jimenez-Balderas et al., 2001).

The relationship between clinical parameters, disease activity and aortic
involvement is also of interest. In the former studies higher prevalence of
peripheral arthritis, HLA-B27, and AI have been suggested (Ansell et al., 1958;
Graham and Smythe, 1958; Bulkley and Roberts, 1973; Kinsella et al., 1974).
However, further studies did not replicate this finding (Sukenik et al., 1987;
O’Neill et al., 1992; Klingberg et al., 2015). Unlike with the HLA-B27 and
uveitis association, HLA-B27 antigen and its relation with aortic disease is
also controversial. Hollingworth et al. (1979) studied 20 patients with “lone”
AI and did not find any patient with HLA-B27 positivity. None of these pa-
tients had X-rayedefined sacroiliitis also (Hollingworth et al., 1979). In the
aforementioned study among Norwegian Sami population, regression analysis
failed to show HLA-B27 and its predictive role in AI (Johnsen et al., 2009). In
their study, Qaiyumi et al. (1985) typed 96 cases for HLA-B27 antigen, and it
was found to be present in a total of 12 cases (7 with spondylitis). They
suggested that in nonspondylitis AI patients there was no excess of HLA-B27
(Qaiyumi et al., 1985). Some studies suggested a relation between aortic
disease and disease activity. Park et al (2012) showed that BASDAI, ESR, and
CRP are correlated with aortic valve thickness. Radiographic disease severity,
assessed by modified stoke ankylosing spondylitis spinal score, has been
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documented as one of the predictors of AI (Klingberg et al., 2015). In another
study it has been shown that BASDAI was independently predicting the aortic
distensibility (Moyssakis et al., 2009). In contrast, Roldan et al. (1998) showed
there were no differences in terms of disease activity index and spinal mobility
measures between ARD and non-ARD groups.

In summary, AS can affect various segments of the aorta, particularly
ascending aorta. Inflammation may cause dilatation and reduced arterial
elasticity. Dilatation of the proximal aorta along with the thickened cusps may
cause valvular regurgitation nearly up to 20% of the patients. In general, many
of the cases are subclinical but some of the patients may require surgical in-
terventions. Longer disease duration and aging are likely to increase the aortic
lesions. There is currently no single variable that may predict the development
of aortic disease. It is more possible that combination of several factors
including higher disease activity, HLA-B27 positivity, and extraspinal features
such as peripheral arthritis may predispose certain patients who are susceptible
to aortic disease.

6. MITRAL VALVE INVOLVEMENT IN ANKYLOSING
SPONDYLITIS

Insufficiency of the mitral valve (MI) is less defined entity compared to AI in
AS. Data on this subject are mostly based on case series with literature review.
It may be a result of previously described subaortic bump and its extension to
the anterior leaflet of the mitral cusp. Left ventricular dilatation secondary to
AI may be another reason for MI (Roldan, 2008). The prevalence of mitral
valve involvement varies between the studies. Yildirir et al. (2002) reported
that 5 of 88 AS patients (5.7%) had evidence of mitral valve prolapse (MVP),
6 (6.8%) had thick mitral valves, and 5 (5.7%) had mild mitral regurgitation. In
their control group none of the controls had MI and only 1 subject (3.2%) had
MVP (Yildirir et al., 2002). Roldan et al. (1998) reported that mitral valve
thickness (34% vs. 3%) and MI (32% vs. 3%) were significantly higher in the
AS group than in controls. In a cohort of 77 AS patients, the reported prev-
alence of MI was 10.4% (Lange et al., 2007). High prevalence of MI has been
reported in a recent echocardiography study consisting of 187 AS patients
(Klingberg et al., 2015). According to that 73% of the patients had mild and
1% had severe mitral valve regurgitation (Klingberg et al., 2015). In a series of
97 patients, there was only 1 patient with MI (Kinsella et al., 1974). Park et al.
(2012) showed increased mitral valve thickness in both groups of patients
stratified according to the disease duration (<10 and >10 years) compared to
controls. However, the prevalence of MI (<10 years, 4% and >10 years, 10%)
was not different than in the controls (4%) (Park et al., 2012). Brunner et al.
(2006) studied 100 male AS patients with a disease duration >15 years and
showed that 29% of the group had MI. They compared their results with the
normal population (22%), which retrieved from the literature review and the
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difference between the groups was not significant (Brunner et al., 2006). In a
study of 40 AS patients, the prevalence of MVP was 10% (Alves et al., 1988).
In another study consisting of 24 patients with long-standing AS and 24
controls, MVP was reported to be not different between the groups (AS: 4.2%
and controls: 8.3%) (O’Neill et al., 1992). Data from juvenile AS patients
showed that prevalence is around 20% for MVP (Gerster et al., 1987) and 5%
for MI (Stamato et al., 1995).

In summary, mitral valve involvement (thickening, MVP, and MI) in AS
can be seen in variable frequencies and it is usually mild in severity. Its relation
with disease characteristics and clinical significance is poorly studied and
additional data are required in that field.

7. CONDUCTION ABNORMALITIES IN ANKYLOSING
SPONDYLITIS

One of the well-known cardiac complications of AS is conduction system
abnormalities. Chronic inflammation originating from the proximal aorta may
extend into the membranous part of interventricular (IV) septum and atrio-
ventricular (AV) nodal area (Bulkley and Roberts, 1973). Diffuse increase of
myocardial interstitial connective tissue may also be a possible offending
factor leading to conduction disturbances (Brewerton et al., 1987). Direct or
indirect injuries such as the involvement of blood vessels and decreasing blood
supply to the related structures may cause conduction system pathologies.
Several types of conduction abnormalities have been reported with varying
frequencies. Isolated involvement of the sinoatrial (SA) node, AV node, His
bundle or its branches as well as combinations of the above can be seen in AS.
The most frequently reported conduction abnormality is AV block, particularly
type 1. In the first systematic study on this subject, investigators examined
routine electrocardiograms (ECGs) from 190 patients with AS. They found
that 29 (15%) had first-degree and 3 (1.6%) had third-degree (complete) AV
block (Bernstein and Broch, 1949). Graham and Smythe (1958) in a group of
519 AS patients, reported that prolonged PR interval was found in 0.6%, 1.2%,
2.7%, and 8.5% of patients whose disease durations were 5, 10, 15, and
30 years, respectively. Besides, the frequency of AV block was considerably
higher in patients with peripheral arthritis (Graham and Smythe, 1958). In a
study of 68 AS patients, 33% of subjects developed conduction disturbances
during a 25-year follow-up (Bergfeldt et al., 1982a). The most frequent con-
duction abnormalities were AV block type 1 (21%), left anterior fascicular
block (LAFB, 12%), AV block type 3 (9%), AV block type 2 (7%), left bundle
branch block (LBBB, 6%), and right bundle branch block (RBBB, 6%). Atrial
fibrillation (AF) was present in 3% of AS patients (Bergfeldt et al., 1982a).
Similar to the previous study, subgroup analysis showed that the prevalence of
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conduction disturbances was significantly higher in patients with peripheral
arthritis (Bergfeldt et al., 1982a). In a retrospective study of 40 AS patients,
Sukenik et al. (1987) reported 3 (7.5%) had AV block (one case with a third-
degree block), 5 (12.5%) had bundle branch block, 1 (2.5%) had Wolff-
Parkinson-White (WPW) syndrome, and 1 (2.5%) had short PR interval. In
a cross-sectional study of 210 AS patients, the prevalence of conduction ab-
normalities was 15%. First-degree AV block was present in 9% and LAFB in
6%. AF was present in 1% and pacemaker requirement in total group was
0.5%. None of the patients in that group had second- or third-degree AV block
(Forsblad-d’Elia et al., 2013). A recent study reported that 25 of 187 patients
(13%) had AV or IV conduction abnormalities (Klingberg et al., 2015). In a
large retrospective cohort study including 641 AS patients the prevalence of
paroxysmal supraventricular tachycardia (PSVT) and WPW syndrome was
studied. 14 (2.2%) were identified as having PSVT, and 3 (0.5%) with WPW
(Ho et al., 2012). The observed numbers in the study were considerably higher
when compared with the normal population figures (PSVT: 0.62%, WPW:
0.09e0.15%) (Ho et al., 2012).

To obtain more detailed information, an ambulatory 24-h Holter ECG
monitoring was also performed in some of the studies. Thomsen et al. (1986)
studied 54 AS patients and showed that AV block (all had first-degree and 1
additionally had intermittent third-degree) and severe arrhythmias were pre-
sent in 7% and 4% of the patients, respectively. Yildirir et al. (2002) studied 88
AS and 31 healthy controls. About 7.9% of AS group had conduction dis-
turbances. The observed abnormalities were AV block (first-degree: 3.4%,
second-degree: 1.1%, and third-degree: 1.1%), RBBB (1.1%), and LBBB
(1.1%). In contrast, only one patient (3.2%) in the control group had AV block
type II (Yildirir et al., 2002). The frequencies of supraventricular and ven-
tricular ectopic beats were significantly higher in the patients group compared
to the controls (Yildirir et al., 2002). A later study with 31 AS patients and 22
controls did not find a difference regarding atrial and ventricular arrhythmias
between the groups (Kazmierczak et al., 2007).

In contrast, some studies did not find any increase in terms of conduction
disturbances. In a comparative study, 97 AS, 81 RA, and 99 healthy controls
were studied. In this study 5% of AS (4 first-degree and 1 third-degree AV
block), 4% of RA (2 first-degree and 1 third-degree AV block), and 3% of
controls (3 first-degree AV block) had conduction abnormalities (Kinsella
et al., 1974). A study of 100 male subjects with AS (more than 15 years
disease duration) showed that the prevalence of arrhythmia and conduction
abnormalities was 7% and 5%, respectively. AF was observed in 2% of the
cases. LBBB was present in 19% and AV block (8 with first-degree and 1 with
third-degree) was found in 9%. Authors suggested that these were not different
when compared with the numbers obtained from general population (Brunner
et al., 2006).
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Association of AS and conduction abnormalities were also studied in a
different methodology. A population of 223 men who had permanently
implanted pacemakers was screened. Sacroiliitis was found in 19 (8.5%), 15
(6.7%) of whom fulfilled the diagnostic criteria for AS (Bergfeldt et al.,
1982b). Similarly, 35 men with permanent pacemaker without alternative
causes for conduction disturbances were studied. The AS and inflammatory
back pain prevalence were 3% and 23%, respectively. HLA B27 was present in
five (14%) patients, which is a significantly higher prevalence than in healthy
controls (17/292, 6%) (Peeters et al., 1991).

The observed abnormalities seem to be more frequent among male sub-
jects. A recent prospective nationwide population-based cohort study from
Sweden reported that age- and sex-adjusted HRs for AV block (2.75, 95% CI
[2.05e3.69]), AF (1.43, 95% CI [1.25e1.65]), and pacemaker implantation
(2.19, 95% CI [1.73e2.79]) were significantly increased in AS group
compared to the general population. The HRs were also significant when
compared to the patients with psoriatic arthritis. Importantly, the excess HRs
were particularly higher in male AS patients (Bengtsson et al., 2015).

Conduction disturbances in the general population were studied in previous
studies. De Bacquer et al. (2000) studied 47,358 men and women. The
prevalence of AV block, bundle branch block, AF/flutter, and WPW syndrome
was 0.2%, 1.6%, 0.55%, and 0.11% in men and 0.1%, 0.8%, 0.33%, and
0.04% in women, respectively (De Bacquer et al., 2000). In another study,
Hingorani et al. (2012) analyzed baseline ECGs in healthy normal volunteers
participating in phase I studies. Conduction abnormalities were present in
5.9% of 3978 healthy volunteers. First-degree AV block, RBBB, and WPW
syndrome were reported in 2.2%, 0.2%, and 0.1% of the subjects (Hingorani
et al., 2012). Cheng et al. (2009) investigated 7575 individuals from the
Framingham Heart Study and reported that 1.6% of the individuals had first-
degree AV block. In a French study, the global prevalence of IV block was
3.09% in 69,186 patients (Monin et al., 2015). In their large study, Hiss and
Lamb (1962) examined 122,043 male subjects from the US Air Force
personnel and noted that second- and third-degree AV block was present in 4
(0.003%) and 3 (0.002%) subjects, respectively.

In summary, several forms of arrhythmias and conduction blocks can be
seen during the course of AS. When compared with the general population the
most prevalent form of block is AV, which is predominantly localized in the
suprahisian region (Bergfeldt et al., 1984). SA node dysfunction, WPW syn-
drome, tachycardia, bradycardia, or IV conduction abnormalities have also
been described (Palazzi et al., 2008). Male sex and HLA-B27 seems to be
more frequent but it should be noted that these abnormalities have also been
reported in women or HLA-B27 negative AS (Bergfeldt, 1997). Clinical
manifestations may range from asymptomatic patients to severe pacemaker
requiring condition (Table 15.4).
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TABLE 15.4 Summary of the Conduction Disturbances in Ankylosing Spondylitis (AS) and General Population

AV Block Type 1 Type 2 Type 3 BBB RBBB LBBB AF WPW

Bernstein and Broch (1949) 15 1.6

Bergfeldt et al. (1982a) 21 7 9 6 6 3

Sukenik et al. (1987) 7.5 5 0 2.5 12.5 2.5

Forsblad-d’Elia et al. (2013) 9 0 0 1

Ho et al. (2012) 0.5

Thomsen et al. (1986) 7 7 0 2

Yildirir et al. (2002) 3.4 1.1 1.1 1.1 1.1

Brunner et al. (2006) 9 8 0 1 19 2

General Population Frequencies

Males, De Bacquer et al. (2000) 0.2 1.6 0.55 0.11

Hingorani et al. (2012) 2.2 0.2 0.1

Cheng et al. (2009) 1.6

Hiss and Lamb (1962) 0.003 0.002

Numbers indicate percentages.
AF, atrial fibrillation; BBB, bundle branch block; LBBB, left bundle branch block; RBBB, right bundle branch block; WPW, Wolff-Parkinson-White syndrome.

C
ard

io
vascu

lar
In
vo

lvem
en

t
in

A
n
kylo

sin
g
Sp

o
n
d
ylitis

C
h
a
p
te
rj

1
5

3
9
9



8. MYOCARDIUM AND PERICARDIUM IN ANKYLOSING
SPONDYLITIS

After the application of echocardiography there has been increased recognition
of myocardial disease in AS. Brewerton et al. (1987) reported that 53% of AS
patients who had no cardiorespiratory symptoms or known cardiac abnor-
malities had diastolic left ventricular (LV) dysfunction. In that study, re-
searchers also examined postmortem biopsies and found a mild increase of the
interstitial connective tissue in the myocardium of AS patients. Computerized
image analysis showed a significantly greater amount of interstitial reticulin in
patients than in age- and sex-matched controls, which might be responsible
from the observed abnormality (Brewerton et al., 1987). LV diastolic
dysfunction (DD) has been reported in 10e50% of AS patients in different
studies, which is also supported by a recent systematic review and meta-
analysis (Brewerton et al., 1987; Okan et al., 2008; Heslinga et al., 2014).
The varying incidences between studies may be related to the use of different
imaging modalities and cut-off criteria. Clinical significance of asymptomatic
DD in AS is not yet entirely clear. Some studies from general population
suggest LV DD may be a precursor to chronic heart failure and may cause
morbidity and mortality (Kuznetsova et al., 2014). Thus, further studies are
needed to determine whether impaired diastolic function may be one of the
underlying factors from the increased CV mortality in AS.

Involvement of the pericardium in AS is relatively less defined. Thickening
of the pericardium or evidence of pericardial effusion have been reported in
several studies. In a descriptive study of 40 AS patients, signs of pericardial
disease (thickening or effusion) were found in 12.5% of the cases (Alves et al.,
1988). In another study, with 40 AS patients, only 1 (2.5%) patient had peri-
carditis (Sukenik et al., 1987). In a study, assessing 24 patients with AS of 10 or
more years duration showed that only one (7%) patient had small pericardial
effusion (O’Neill et al., 1992). Yildirir et al. (2002) compared 88 AS patients
and 31 healthy controls. In the AS group, three patients (3.4%) had minimal
pericardial effusion and two (2.3%) had pericardial thickening, whereas one
subject (3.2%) in the control group had minimal pericardial effusion. The dif-
ference in terms of pericardial disease was not different between patients and
controls statistically (Yildirir et al., 2002). In a juvenile study of 20 AS patients,
researchers noted that none of the subjects had pericardial effusion or thickening
(Gerster et al., 1987). In a relatively recent study, Lange et al. (2007) showed that
pericardial effusion was present in 1.5% of the AS patients. In summary, peri-
cardiummay be involved in AS. However, there is limited information regarding
its clinical importance and association with disease characteristics.

9. SUBCLINICAL VASCULAR INVOLVEMENT IN
ANKYLOSING SPONDYLITIS

Progress in imaging modalities made it possible to identify atherosclerosis-
related changes at its earliest stages. Several invasive and noninvasive
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techniques are used to identify early arterial wall alterations. Intima-media
thickness (IMT) of common carotid arteries (CCA) and assessment of flow-
mediated dilatation (FMD) by ultrasound are the most widely used noninvasive
methods. IMT of CCA is a reproducible marker of generalized atherosclerosis
that allows evaluating the earliest structural changes in the arterial wall. On the
other hand, FMD is used to detect endothelial dysfunction, which precedes
morphological changes and is believed to be the initial step in the development
of atherosclerosis. Impaired endothelial function have been reported in various
studies in AS. Sari et al. (2006) evaluated 54 relatively young age AS patients
and 31 controls. They showed that endothelium-dependent vasodilatation was
impaired in the AS group. There were no correlation between disease activity
measures and FMD (Sari et al., 2006). This observation was also supported by a
further research, which included 43 patients with AS and 40 matched healthy
controls (Bodnar et al., 2011). In a more recent study, Syngle et al. (2013) re-
ported that FMDvalues of anti-TNF-naiveAS patients with high disease activity
(n ¼ 20) was significantly lower compared to the healthy controls (n ¼ 10),
which is accordance with the results of the above mentioned data. In contrast
with FMD studies, there are some discrepancies between the studies regarding
IMT in AS. There are two meta-analysis on this subject. In the former one,
Mathieu et al. (2011) analyzed six studies and reported an increased IMT in the
AS group. In a more recent and extensive study, Arida et al. (2015) showed that
carotid IMT, but not plaque burden, was significantly increased in AS compared
to controls. Notably, this increase in IMTwas present only in the active disease
patients (based on BASDAI� 4) (Arida et al., 2015). In summary, results of the
previously published data show that patients with AS without clinically evident
CV disease have a high prevalence of subclinical vascular involvement. Further
studies are needed to define its pathogenic potential in the development of
macrovascular disease in AS.

10. TREATMENT AND ITS IMPLICATIONS IN
ATHEROSCLEROSIS IN ANKYLOSING SPONDYLITIS

Management of AS consists of pharmacological and nonpharmacological
treatment strategies. The pharmacological treatment options are limited;
however, with the introduction of biological drugs, remarkable improvements
have been reported in this field. Nonsteroidal antiinflammatory drugs
(NSAIDs) are the mainstay treatment for AS (Sari et al., 2015). One of the
most important issues with the use of NSAIDs is the possible adverse effect on
CV system. The increased CV toxicity was initially reported with rofecoxib, a
selective cyclooxygenase 2 inhibitor (coxib), but it is also documented with
the use of other NSAIDs including conventional ones except naproxen (Bhala
et al., 2013). However, it should be noted that most studies assessing the
cardiac risk of NSAIDs have been done in non-AS patients groups. In a
population-based study in AS, Haroon et al. (2015) suggested a protective
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effect of traditional NSAID usage on vascular mortality in patients above
65 years of age. Additionally they also reported Coxibs were not associated
with an increased risk for vascular mortality (Haroon et al., 2015). In another
study, Bakland et al. (2011) showed that there was a significant negative as-
sociation between overall mortality and use of NSAIDs at the time of follow-
up, and patients who reported taking NSAIDs less frequently than on a
monthly basis were at increased risk of premature overall mortality (OR 4.35).
A large-scale population study from Taiwan suggested that nonfrequent, short-
term NSAID users carry high risk for CV disease (for 6 months: OR, 1.41;
95% CI, 1.07e1.86) (Tsai et al., 2015). The risk tended to decline with long-
term use. In frequent NSAID users, there was no significant risk of CV disease
in both short and long terms. Interestingly longer NSAID use was associated
with lower CV risk. Additionally, long-term frequent use of coxibs had a
strong protective CV effect (Tsai et al., 2015). In summary, NSAIDs possess
CV risk but data from AS studies suggest a favorable CV risk profile of long-
term NSAID usage in addition to reducing pain and improving mobility.
Clearly individual risk assessment including age and consideration of
comorbidities is required before making a decision on long-term NSAID use.

Biologic drugs, especially tumor necrosis factor alpha (TNF-a) inhibitors,
have given new treatment options in the management of AS. Several studies
documented their effectiveness in the management of AS. On the other hand,
researchers showed particular attention to safety issues especially infections.
However, less is known about TNF inhibitory (TNFi) usage and its relation
with CV disease. Available data provides indirect information that is obtained
mainly from small sample-size studies. Mathieu et al. (2008) analyzed 18
patients who received TNFi. The augmentation index, a measure of systemic
arterial stiffness, did not change when compared to baseline after 14 weeks of
biologic therapy (Mathieu et al., 2008). Capkin et al. (2012) studied 28 active
AS patients with carotid/femoral pulse wave velocity (PWV) analysis, a
measure of arterial stiffness. Results from that study showed that after
24 weeks of TNFi therapy there was no significant difference in PWV between
the pretreatment and posttreatment patients (Capkin et al., 2012). In another
study compromising 49 patients with long-standing and active AS, researchers
reported that arterial stiffness was not improved after 6 and 12 months of TNFi
(Mathieu et al., 2013). In a randomized controlled trial comparing the vascular
effect of placebo with golimumab, investigators reported that 6 months of
treatment with golimumab was effective in preventing the progression of
arterial stiffness in AS patients with active disease (Tam et al., 2014). In
comparison, placebo group showed significant progression of PWV (Tam
et al., 2014). In a prospective study with a long-term follow-up (median
4.9 years), AS patients who continued treatment with TNFi (n ¼ 56) exhibited
a slower progression of carotid IMT compared to those who discontinued anti-
TNF (n ¼ 9) (van Sijl et al., 2015). In summary, although there are some
signals regarding a positive impact on vascular function, available data are not
supporting a direct beneficial effect of anti-TNF treatments on CV disease.
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11. CONCLUSIONS

Available data suggests that AS is associated with several cardiac and vascular
abnormalities. Structural abnormalities, such as aortic and valvular involve-
ment, conduction disturbances, myocardial disease, and vascular wall alter-
ations are well defined now with the advent of imaging modalities. The defined
abnormalities are mostly subclinical but it is clear that there is increased CV
mortality and morbidity risk in AS. It is more likely that inflammation-driven
mechanisms along with comorbidities may trigger the pathological alterations
in this disease. Further studies with larger sample size and long-term follow-up
are needed to identify the underlying mechanisms and the consequences of
observed abnormalities. Considering the increased CV disease risk, there is a
need for developing prevention and treatment strategies in AS. Another
requirement is to develop guidelines and a standardized approach for CV
examination and laboratory workup in routine clinical care of AS patients.
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Key points

l Psoriatic arthritis (PsA) is a chronic inflammatory condition associated
with a high prevalence of cardiovascular disease and risk factors.

l In comparison with the general population, PsA patients are at significantly
increased risk of cardiovascular (CV) risk factors, CV events, and
mortality.

l The prevalence of at least one CV event (8%) and coronary heart disease
(9%) is significantly higher in PsA patients than in those with psoriasis
alone or the general population.

l The relationship between PsA and cardiovascular events is complex. The
increased CV risk can be explained by the increased prevalence of car-
diovascular risk factors but the chronic underlining inflammatory state
seems to play a crucial role.

l Instrumental investigations have shown a high prevalence of macrovascular
disease, endothelial dysfunction, arterial stiffness, and left ventricle dia-
stolic dysfunction in PsA patients without any clinically evident signs of
atherosclerosis or its complications.

l Various studies have shown the potentially beneficial role of
DMARD-induced immunosuppression on cardiovascular diseases. A
number of studies have found that anti-TNF drugs can also have a positive
effect on carotid IMT and endothelial dysfunction.

l Physicians should take cardiovascular risk into account when assessing
patients with psoriatic arthritis patients, even in the absence of a clinically
evident cardiovascular disease, mainly by identifying and modifying
cardiovascular risk factors.
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1. INTRODUCTION

Psoriatic arthritis (PsA) is a chronic inflammatory condition in which un-
balanced inflammatory pathways act as key drivers of a wide range of
manifestations at the level of axial and peripheral joints, entheses, the sy-
novial sheaths of tendons, and skin (Moll and Wright, 1973; Duarte et al.,
2012). Its diagnosis is based on anamnestic and clinical criteria such as the
presence or a family history of psoriasis, dactylitis, enthesitis, inflammatory
low-back pain, and rheumatoid factor (RF) seronegativity (Gladman, 2012;
Marchesoni et al., 2012; Caso et al., 2014). The Classification Criteria for
Psoriatic Arthritis (CASPAR) are highly specific (98.7%) and sensitive
(91.4%) and can be useful in differential diagnosis (Taylor et al., 2006;
Tillett et al., 2012).

PsA has long been considered a disease with a mild clinical and low
inflammatory profile (Scarpa et al., 2015), but recent studies have provided
growing evidence of its multisystemic nature and association with extra-
articular involvement in the form of colitis, uveitis, metabolic syndrome
(MetS), and atherosclerosis (Scarpa et al., 2000; Egeberg et al., 2015; Costa
et al., 2012), and this has led to the concept of psoriatic disease (PsoD) as a
systemic condition that is not exclusively confined to joints and the skin
(Scarpa et al., 2006).

2. EPIDEMIOLOGY

The global frequency of psoriasis is 1e5%, and arthritis occurs in 10e40% of
patients with psoriasis as against up to 1% of the general population (Ogdie
and Weiss, 2015). The highest estimated annual incidence in Europe is 23/
100,000 (Liu et al., 2014).

The prevalence of cardiovascular (CV) comorbidities is high, which
inevitably leads to greater use of healthcare resources and high costs (Feldman
et al., 2015; Sitia et al., 2009).

In comparison with the general population, PsA patients are at signifi-
cantly increased risk of CV risk factors, CV events, and mortality (Jamnitski
et al., 2013; Horreau et al., 2013; Gladman et al., 2009). The prevalence of at
least one CV event (8%) and coronary heart disease (9%) is significantly
higher in PsA patients than in those with psoriasis alone or the general
population (Husted et al., 2011). However, the relative risk (RR) of devel-
oping major CV events varies widely from 1.17 to 3.47, mainly because of
the heterogeneity of the studied cohorts and general populations (Eder et al.,
2015a). The risk of major adverse CV events is also higher in PsA patients
who have not been treated with disease-modifying antirheumatic drugs
(DMARDs) [hazard ratio (HR) 1.24, 95% CI 1.03e1.49] (Ogdie et al.,
2015a). A 35-year follow-up study of 1091 PsA patients reported >100 CV
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events affecting 20% of the patients by the age of 70 years and 30% by the
age of 80 years (Eder et al., 2015a). The same study found that the eryth-
rocyte sedimentation rate (ESR) was a significant predictor among women
(RR 1.83, p ¼ .02), and that the independent predictors of major CV events
were hypertension (RR 1.81, p ¼ .0159), diabetes mellitus (DM: RR 2.7,
p < .001), and the number of dactylitic digits (RR 1.20, p < .001) (Eder
et al., 2015a).

It has also been reported that the increased rate of CV events in PsA
patients is associated with PsA severity and traditional CV risk factors such
as MetS and its components (Eder and Gladman, 2015; Han et al., 2006;
Haroon et al., 2014; Tam et al., 2008a). PsA patients have a very high
prevalence of MetS: 58.1% versus 35.2% in the Third National Health and
Nutrition Examination Survey (NHANES III) (Raychaudhuri et al., 2010),
and the prevalence of MetS components, dyslipidemia (21e61%), obesity
(30e60%), hypertension (33e37%), and DM (12e14%) is significantly
higher in PsA patients than in these with psoriasis alone and the general
population (Lin et al., 2014; Mok et al., 2011; Husted et al., 2011; Khraishi
et al., 2014; Edson-Heredia et al., 2015); and the high prevalence of MetS in
PsA patients predisposes them to an increased risk of developing athero-
sclerotic cardiovascular disease and type II DM (Raychaudhuri et al., 2010).
PsA patients with MetS are at higher risk of having atherosclerotic risk
factors than patients with other arthritides (Mok et al., 2011). Significant CV
comorbidity has also been associated with the early phases of PsA, with
obesity being the most frequent CV risk factor among male patients
(Khraishi et al., 2014).

In a study of 3066 PsA patients in a large health plan data set, the prev-
alence rates of hypertension (28.5%), hyperlipidemia (27.8%), type II DM
(11.3%), cerebrovascular disease (3.1%), ischemic heart disease (3.1%),
peripheral vascular disease (2.9%), and congestive heart failure (1.9%) were
all significantly higher in the patients than in the controls (p < .05) (Han et al.,
2006). The patients were also at increased risk of developing CV diseases:
ischemic heart disease (RR: 1.3), atherosclerosis (RR: 1.4), congestive heart
failure (RR: 1.5), peripheral vascular disease (RR: 1.6), cerebrovascular
disease (RR: 1.3), type II DM (RR: 1.5), hyperlipidemia (RR: 1.2), and
hypertension (RR: 1.3) (Han et al., 2006). Finally, they used more drugs
(ACE inhibitors, calcium channel blockers, diuretics, nitrates/vasodilators,
anticoagulants, and antihyperlipidemia agents) for CV comorbidities than the
controls (Han et al., 2006).

It has also been shown that PsA patients with subclinical atherosclerosis
also have more traditional risk factors, such as high glucose, total triglyceride,
and total and high-density cholesterol levels, high white cell counts, and higher
patient global assessment scores than those without subclinical atherosclerosis
(Tam et al., 2008b).
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However, there are conflicting data concerning the risk of CV mortality
in PsA patients (Gladman et al., 2009), although the majority of studies have
shown that they are at greater risk (Gladman et al., 1998; Gonzalez-Juanatey
et al., 2007a, 2007b; Miller et al., 2013), some have found that they are not
(Ogdie et al., 2014). One investigation of the causes of death in 428 PsA
patients showed that the principal causes were diseases of the circulatory
system, which were associated with a 1.3 increase in mortality (Wong et al.,
1997). Another study of more than 680 PsA patients and almost 40,000
controls showed an increase in the standardized prevalence ratios of hy-
pertension [1.90 (1.59e2.27)], angina [1.97 (1.24e3.12)], and myocardial
infarction [2.57 (95%CI, 1.73e3.80)] (Gladman et al., 2009), and it has also
been found that increased CV mortality in PsA patients is associated with the
previous use of medications, a high ESR at the time of presentation, and
radiological damage (Gladman et al., 1998).

PsA itself has been shown to be a predictor of CV events mainly due to
increased subclinical atherosclerosis, regardless of the presence of traditional
CV risk factors (Gonzalez-Juanatey et al., 2007a, 2007b).

3. ETIOLOGY/PATHOGENESIS

The increased CV risk can be explained by the increased prevalence of
cardiovascular risk factors such as type II DM and insulin resistance,
hyperlipidemia and hypertension, as well as by concomitant smoking,
reduced physical activity, hypercoagulability, increased fibrinogen levels,
and higher platelet counts (Gladman et al., 1998; Peters et al., 2004), but the
chronic underlining inflammatory state seems to play a crucial role (Ross,
1999; Tam et al., 2008a).

Atherosclerosis, psoriasis, and other rheumatic diseases share a number
of pathogenetic mechanisms (Eder and Gladman, 2015; Sarzi-Puttini et al.,
2010; Matsuura et al., 2014). Atherosclerosis, the underlying mechanism of
peripheral artery, coronary, and cerebrovascular diseases, is due to a chronic
low-grade inflammatory state involving the arterial walls and seems to be
mainly determined by alterations in the homeostatic state between immune
mechanisms and lipid metabolism (Liehn et al., 2006; Weber and Noels,
2011; Ramji and Davies, 2015). It begins with endothelium activation and
the consequent recruitment of immune cells mediated by cytokines and
chemokines (Liehn et al., 2006; Weber and Noels, 2011; Ramji and Davies,
2015). This first step leads leukocytes adhering on the surface of endothelial
cells expressing adhesion molecules, an interaction that is influenced by
dysregulated pro- and antiinflammatory cytokines, chemokines, and their
receptors, which also influence the translocation of leukocytes from the
blood through the endothelial layer and into the vessel wall intima (Liehn
et al., 2006; Weber and Noels, 2011; Ramji and Davies, 2015). Cholesterol
efflux is also altered, and modified lipoproteins are taken up to form foam
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cells and fatty accumulation (Liehn et al., 2006; Weber and Noels, 2011;
Ramji and Davies, 2015).

During the atherosclerotic process, cytokines and chemokines continue
to promote the recruitment of monocytes and T cells, the lysis of foam cells
releasing degradation products, the proliferation of vascular smooth muscle
cells, and the development and formation of atheromatous plaques (Liehn
et al., 2006; Weber and Noels, 2011; Ramji and Davies, 2015). These can
remain stabilized by the vessel extracellular matrix, synthesized by smooth
muscle cells or, when the plaques are destabilized by the metalloproteinase
synthesized by macrophages, become unstable and break leading to
thrombosis (Liehn et al., 2006; Weber and Noels, 2011; Ramji and
Davies, 2015).

In patients with PsA, the precise pathogenetic mechanism of CV
involvement has still to be clarified, but certain inflammatory cytokines play a
key role in the atherosclerotic process (Eder and Gladman, 2015). It has been
shown that proinflammatory cytokines, especially tumor necrosis factor
(TNF)-a, interleukin (IL)-1b, and IL-6, are upregulated in peripheral blood,
the skin, and synovial membranes and fluid (Fiocco et al., 2015a, 2015b;
Fiocco et al., 2014; Goodman et al., 2009; van Kuijk et al., 2006). In
particular, TNFa is the main factor involved in the intricate pathogenesis of
psoriatic disease, and has often been considered a pivotal factor linking its
different expressions, including CV involvement (Caso et al., 2015; Anan-
darajah and Ritchlin, 2004). TNFa arouses protective action of the host
against microbial agents and tumor cytotoxicity by regulating cell apoptosis
and proliferation, and is therefore a key mediator of inflammation (Pfeffer,
2003). During the course of synovitis, its overexpression (mainly by macro-
phages but also by other cells) promotes and generates the unbalanced
inflammation leading to articular damage in various arthritides, including in
PsA (Pfeffer, 2003). TNFa induces macrophage activation, superoxide pro-
duction, and neutrophil chemotaxis, thus leading to endothelial inflammation
and dysfunction and arterial damage (Widlansky et al., 2003; Sarzi-Puttini
et al., 2005a, 2005b); furthermore, it acts as an adipokine by stimulating
lipolysis and adipocyte apoptosis, increasing plasma triglyceride levels and
promoting insulin resistance (Prins et al., 1997; Hotamisligil et al., 1996;
Sethi and Hotamisligil, 1999; Rydén et al., 2004; Peraldi and Spiegelman,
1998). It has been suggested that the insulin resistance generated by chronic
systemic inflammation is a key determinant of the high prevalence of MetS,
endothelial dysfunction, and atherosclerosis during the course of PsA, even in
the absence of clinically evident CV risk factors or disease (Boehncke et al.,
2011; Sitia et al., 2010; Gonzalez-Juanatey et al., 2007a; Sharma et al., 2014;
Yilmazer et al., 2015).

Finally, TNFa promotes the synthesis of other proinflammatory adipokines
such as IL-6, and inhibits the synthesis of antiinflammatory adipokines such as
adiponectin (Trayhurn and Wood, 2004). IL-6 promotes the hepatic production
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of many acute phase reactants (Atzeni et al., 2012), induces insulin resistance,
and reduces adiponectin secretion by adipocytes (Trayhurn and Wood, 2004).
Adiponectin is an antiinflammatory molecule and, by determining an increase
in insulin sensitivity, the stimulation of fatty acid oxidation, the suppression of
gluconeogenesis, and the regulation of food intake negatively correlates with
obesity, type II DM, atherosclerosis, and MetS (Choi et al., 2007; Trayhurn
and Wood, 2004). It has also been reported that, on the contrary in PsA and
rheumatoid arthritis (RA), adiponectin promotes inflammation through
cytokine synthesis and correlates with a higher burden of joint inflammation
and damage (Eder et al., 2013).

Another adipokine is leptin, which is exclusively synthesized in adipose
tissue and acts mainly on the hypothalamus. It plays an important role in body
energy balance and adipose tissue deposition, and plasma leptin levels posi-
tively correlate with body fat mass (Trayhurn and Wood, 2004). Leptin levels
are higher in women with PsA than in those with psoriasis, and positively
correlate with the homeostasis model assessment of insulin resistance and BMI
(Eder et al., 2013).

4. CLINICAL MANIFESTATIONS

Spondylitis, symmetrical polyarthritis, asymmetrical oligoarthritis, distal
interphalangeal arthritis, and arthritis mutilans are the five clinical subsets of
PsA (Moll and Wright, 1973), which can change over time, and peripheral
articular involvement may overlap with axial disease (Jones et al., 1994).
Furthermore, PsA can also occur in the absence of clinically evident psoriasis
but in the presence of a family history of psoriasis (the “sine psoriasis” subset)
(Taylor et al., 2006).

PsA patients experience CV events such as coronary heart disease
(myocardial angina and infarction) more frequently than the general pop-
ulation (Husted et al., 2011; Gladman et al., 2009), because of the simul-
taneous presence of traditional CV risk factors and chronic inflammation
(Eder and Gladman, 2015). Severe psoriasis is associated with an increased
burden of CV risk and the presence of active arthritis may be an important
predictor of CV disease (Gelfand et al., 2007; Wong et al., 1997; Gladman
et al., 2009; Eder et al., 2015a). Furthermore, it is necessary to investigate
the presence of classical risk factors hypercholesterolemia, hyperlipidemia,
DM, hypertension, and obesity in PsA patients, all of which can increase the
burden of CV comorbidities (Gladman et al., 2009; Yeung et al., 2013; Eder
et al., 2015a; Atzeni et al., 2011a; Tobin et al., 2010), and hypertension and
DM in particular may predict major cardiovascular events (Eder et al.,
2015a).

Although some studies have found that cerebrovascular disease and heart
failure are not more prevalent in PsA patients than in the general population
(Gladman et al., 2009), there have been reports of a higher prevalence heart
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failure (RR: 1.5) and cerebrovascular diseases (RR: 1.3) among PsA patients
with concomitant diabetes, hyperlipidemia, and hypertension (Han et al.,
2006).

Given the high prevalence of MetS and its components in PsA patients
(Mok et al., 2011; Raychaudhuri et al., 2010), waist circumference, blood
pressure, and serum triglyceride, high-density lipoprotein (HDL) cholesterol
and fasting glucose levels should be routinely evaluated. It should also be
borne in mind that modifiable risk factors such as physical activity and
smoking may be crucial in reducing the risk of CV events.

PsA itself is a potential risk factor for CV disease, and so patients should
also be screened for subclinical CV involvement (Khraishi et al., 2014).
Possible indicators of subclinical atherosclerosis and arterial stiffness have
been clearly demonstrated in PsA patients, and it could be particularly useful
to investigate them even in the absence of clinically evident CV disease (Costa
et al., 2012; Jamnitski et al., 2013; Atzeni et al., 2011b). In particular,
instrumental investigations have shown a high prevalence of macrovascular
disease, endothelial dysfunction, arterial stiffness, and left ventricle diastolic
dysfunction in PsA patients without any clinically evident signs of athero-
sclerosis or its complications (Gonzalez-Juanatey et al., 2007a, 2007b; Costa
et al., 2012; Milaniuk et al., 2015). For this reason it could be useful to look for
the subclinical presence of CV risk factors.

5. DIAGNOSTIC INVESTIGATIONS

5.1 Echocardiography

Echocardiography uses ultrasounds to visualize the structures of the heart and
assess hemodynamic heart parameters using the Doppler method (Milaniuk
et al., 2015). In comparison with healthy controls, patients with PsA seem to
have higher prevalence of echocardiographic abnormalities, mainly left
ventricle diastolic dysfunction, even in the absence of CV risk factors
(Milaniuk et al., 2015). It has recently been estimated that subclinical findings
of left ventricle diastolic function can be observed in 8e27% of patients with
psoriasis and 28e63% of those with PsA (Milaniuk et al., 2015). Subclinical
myocardial involvement in PsA can be detected by means of speckle tracking
echocardiography (Shang et al., 2014), and other echocardiographic findings
may include alterations in aortic elasticity, pulmonary hypertension, mitral and
aortal valves insufficiency, and left ventricle hypertrophy with concomitant
hypertension (Milaniuk et al., 2015).

One study did not find any silent subclinical echocardiographic abnor-
malities in 50 treated PsA patients without CV risk factors or clinically evident
CV disease (Gonzalez-Juanatey et al., 2006), but others have demonstrated
more frequent diastolic dysfunction in PsA patients than in healthy controls,
and this significantly correlated with the presence of arthritis and the duration
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of psoriasis (p < .05) (Saricaoglu et al., 2003). A high prevalence of
subclinical systolic and/or diastolic dysfunction has also been found in PsA
patients with or without CV risk factors (Shang et al., 2014), and a Doppler
echocardiography study of 94 PsA patients and 63 healthy controls found that
64% of the patients showed signs of subclinical left ventricular dysfunction
(38% diastolic dysfunction, 4% systolic dysfunction, and 22% both) as defined
by means of the myocardial peak systolic velocity (Sm) of cardiac segments,
even in the absence of established CV disease or traditional CV risk factors
(Shang et al., 2011). In this study, an age of >40 years at the time of the
diagnosis of PsA (OR 3.388, 95% CI 1.065e10.777; p ¼ .039) and hyper-
tension (OR 4.732, 95% CI 1.345e16.639; p ¼ .015) were independent
predictors of subclinical left ventricular dysfunction (Shang et al., 2011).

Even in the presence of a normal left ventricular ejection fraction, sub-
clinical myocardial deformation in multidimensional planes are highly
frequent in PsA patients, including those with no CV risk factors, and a
relationship has been found between apical rotation and PsA disease activity
(r ¼ 0.299, p ¼ .011) and the ESR (r ¼ 0.309, p ¼ .008) (Shang et al., 2014).
Increased left ventricular and arterial stiffness can also be seen in PsA patients
even in the absence of hypertension and left ventricular remodeling, and a long
PsA duration can increase the risk (Shang et al., 2012).

5.2 Coronary Flow Reserve

Coronary flow reserve (CFR) is a very sensitive (>90%) diagnostic marker of
coronary artery disease and, when less than 2, predicts severe coronary
stenosis. Transthoracic Doppler-derived CFR has been used to identify patients
with known or suspected coronary artery disease, and it has a high prognostic
value in RA patients (Atzeni et al., 2007).

CFR is significantly reduced in PsA patients, thus indicating endothelial
dysfunction and early subclinical atherosclerosis (Atzeni et al., 2011b).

Only a few studies have investigated electrocardiographic signs during the
course of psoriatic disease. However, in comparison with healthy controls,
heart rate is significantly higher in patients with psoriasis (p < .0001), and
there is a positive correlation between this and the severity of cutaneous
involvement. Single supraventricular beats are also significantly more
frequent in PsA patients than in healthy controls (p < .0001) (Markuszeski
et al., 2007).

Another study found decreased heart rate variability in PsA patients in
comparison with healthy controls, as verified by the decrease in the standard
deviation of normal R-R intervals (65.1 � 66.8 vs. 83.2 � 43.3 ms; p ¼ .011),
the percentage of normal R-R intervals differing by more than 50 ms
(12.9 � 15.4% vs. 20.6 � 17.1%; p ¼ .035), and total power (2069.4 � 1537.8
vs. 2942.5 � 1734.2 ms(2); p ¼ .006). The heart rate variability parameters
also correlated with PsA duration and severity (Gaydukova et al., 2012).
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5.3 Intima-Media Thickness

PsA patients have a higher prevalence of subclinical atherosclerosis as
measured by means of carotid ultrasonography and the average values of carotid
artery intima-media thickness (IMT) (Kimhi et al., 2007; Gonzalez-Juanatey
et al., 2007a, 2007b; Tam et al., 2008b; Eder et al., 2008). Higher IMT values of
the common carotid artery wall have been found in PsA patients with and
without CV risk factors or cardiovascular disease than in healthy controls
(Kimhi et al., 2007; Gonzalez-Juanatey et al., 2007a, 2007b; Tam et al., 2008b;
Eder et al., 2008).

IMT directly correlates with various features of PsA, such as the duration
of psoriasis and arthritis, spine involvement, and fibrinogen concentrations. It
may also correlate with conventional atherosclerosis risk factors, including
age, BMI, serum glucose levels, and arterial pressure (Kimhi et al., 2007).

Gonzalez-Juanatey et al. found that patients with PsA and no conventional
CV risk factors or clinically evident CV disease have a higher prevalence of
greater carotid artery IMT and endothelial dysfunction than matched controls
(Gonzalez-Juanatey et al., 2007a, 2007b), and significantly greater carotid
IMT values and a higher prevalence of MetS have been found in PsA patients
in comparison with patients with psoriasis alone (Lin et al., 2014). Further-
more, higher IMT values were found in the PsA patients with MetS than in
those without or in psoriasis patients with or without MetS (Lin et al., 2014).

The presence of carotid plaque is associated with the severity of PsA, age,
and triglyceride levels (Eder et al., 2008).

Various studies have shown that, in comparison with healthy controls, PsA
patients also have increased aortic stiffness (a marker of atherosclerotic
disease) as determined by assessing central hemodynamic parameters and
aortic pulse wave velocity by tonometry (Costa et al., 2012; Shen et al., 2015).
This has also been found in patients without CV risk factors and is directly
associated with the duration of arthritis (Costa et al., 2012).

5.4 Laboratory Investigations

During the course of PsA, inflammatory markers such as ESR are important
predictors of major CV events, and the processes involving lipid metabolism
may be impaired (Eder et al., 2015a). In 1992, Lazarevic et al. reported the
presence of dyslipoproteinemia (similar to that observe in patients with RA) in
PsA patients with active disease; the dyslipoproteinemia seemed to normalize
as the disease improved (Lazarevic et al., 1992). PsA-related dyslipoprotei-
nemia (increased triglyceride concentrations and decreased levels of total
cholesterol, low-density lipoprotein (LDL) cholesterol, and HDL-cholesterol)
has also been reported by others (Jones et al., 2000; Ma et al., 2013). A
proatherogenic lipid profile in the form of an increase in LDL-cholesterol
(mainly LDL3) and a decrease in HDL-cholesterol has also been found in
PsA patients (Jones et al., 2000).
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Furthermore, a nuclear magnetic resonance spectroscopy study has shown
that patients with psoriasis and a normal laboratory lipid profile can have an
abnormal lipoprotein particle composition and decreased HDL efflux capacity,
thus suggesting a link between psoriasis and CV disease (Mehta et al., 2012).

A recent study showed the presence of CV involvement in PsA patients on
the basis of increased IMT values; the independent factors associated with
subclinical atherosclerosis were increased glucose and total triglyceride levels
(Tam, 2008a,b).

5.5 Plasma Asymmetric Dimethylarginine

Plasma asymmetric dimethylarginine (ADMA), a major endogenous inhibitor
of all of the isoforms of nitric oxide (NO) synthase, is a risk factor for the
endothelial dysfunction associated with atherosclerosis (Böger, 2004).
Increased levels have been found in patients with atherosclerosis and
contribute to its progression (Böger, 2004). Increased ADMA levels have also
been shown in RA patients, thus suggesting progressive subclinical athero-
sclerosis (Turiel et al., 2009; Atzeni et al., 2007). This is supported by the fact
that a 2011 study investigating coronary flow reserve and ADMA levels found
that patients with PsA without any clinically evident cardiovascular disease or
CV risk factors also had significantly higher plasma ADMA concentrations
than healthy controls (Atzeni et al., 2011b).

A significant correlation has been found between increased ADMA
concentrations and reduced CFR levels in PsA patients, thus supporting the
possible role of endothelial dysfunction and impaired coronary microcircula-
tion during the course of the disease (Atzeni et al., 2011b). ADMA levels
therefore seem to be useful independent markers of endothelial dysfunction
and early subclinical atherosclerosis in PsA patients, but the data need to be
corroborated, particularly in relation to the possible influence of blood
pressure, blood glucose, cholesterol levels, and antiinflammatory therapies
(Atzeni et al., 2011b).

6. TREATMENT

Diagnostic delay and marked joint damage are factors favoring a poor long-
term outcome in patients with PsA or other arthritides, and correlate with
reduced physical function and disability (Eder and Gladman, 2014; Haroon
et al., 2015). In the case of nonsevere articular involvement, the treatment of
PsA is based on cycles of nonsteroidal antiinflammatory drugs (NSAIDs) and
intraarticular steroid injections (Ash et al., 2012).

Traditional DMARDs such as sulfasalazine, methotrexate (MTX), cyclo-
sporine (CSA), and leflunomide (LFN) are efficacious in treating various
aspects of PsA, but the level of clinical and radiological evidence supporting
their use is less than that supporting the use of anti-TNF drugs (Ash et al.,
2012). It has been shown that, in comparison with NSAIDs and traditional
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DMARDs, drugs targeting specific molecules such as TNFa and IL17/23R are
more efficacious in treating cutaneous lesions, axial involvement, enthesitis,
dactylitis, joint pain and swelling, and in inhibiting radiographic progression
(Ash et al., 2012; Scarpa et al., 2013).

The recognition of CV risk factors is an important aspect when considering
the best therapeutic approach to PsA as NSAIDs, LFN, and CSA can have
hypertensive effects, and anti-TNF drugs are contraindicated in the case of
New York Heart Association functional class III and IV congestive heart
failure (Ash et al., 2012). Furthermore, modifying CV risk factors such as
hypertension, dyslipidemia, and DM by means of targeted therapy, and making
lifestyle changes such as stopping smoking or adopting a healthier diet, are
useful means of improving CVoutcomes, the quality of life, and the prognosis
of PsA (Husni, 2015; Ogdie et al., 2015b).

However, patients with PsA may be at CV risk event in the absence of
traditional CV risk factors because chronic inflammation plays a key role in
determining articular and cutaneous manifestations, atherosclerosis, and
dysmetabolism, and this may also be important when making therapeutic
decisions (Husni, 2015; Ogdie et al., 2015b).

As in the case of other inflammatory arthopathies (Atzeni et al., 2010;
Turiel et al., 2010), various studies have shown the potentially beneficial role
of DMARD-induced immunosuppression on cardiovascular diseases. For
example, the risk of hospitalization because of ischemic heart disease in
patients with PsA or psoriasis is comparable on patients starting treatment with
MTX and those starting treatment with other nonbiological antipsoriatic drugs
(Chen et al., 2012), whereas it has been shown that anti-TNF drugs reduce the
incidence of CV events (Sattar et al., 2007; Hürlimann et al., 2002).

A number of studies have found that anti-TNF drugs can also have a
positive effect on carotid IMT and endothelial dysfunction (Jamnitski et al.,
2013; Popa et al., 2009). However, there are also reports of progressive
atherosclerosis (as measured by IMT) in PsA patients receiving anti-TNF
drugs, the vascular effects of which need to be clarified (Ramonda et al.,
2014).

Furthermore, biological agents can influence various aspects of MetS (lipid
and glucose levels), possibly because of the articular improvements that they
induce (da Silva et al., 2010; Costa et al., 2014; Costa et al., 2015), and it has
been found that there is an inverse correlation between the presence of MetS
and the probability of achieving minimal disease activity (MDA) in PsA
patients regardless of the use of anti-TNF drugs (Costa et al., 2015).

Obesity is a negative predictor of MDA in PsA patients (Eder et al.,
2015b), and it has been reported that anti-TNF drugs improve lipoprotein
patterns (Popa et al., 2009).

CV risk should be considered in all PsA patients, regardless of the presence
of cardiovascular risk factors or cardiovascular disease (Ogdie et al., 2015a),
and so rheumatologists should identify and try to modify any CV risk factors
in collaboration with other appropriate specialists (Peters et al., 2004).
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Finally, to identify an algorithm for assessing and managing CV disease in
PsA patients could be useful in clinical practice in order to improve their
survival and quality of the life.
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Yilmazer, B., Sahin, T., Unlu, B.Ö., Kir, H.M., Cefle, A., 2015. Investigation of subclinical

atherosclerosis in psoriatic arthritis patients with minimal disease activity. Rheumatol. Int. 35,

1385.

Yeung, H., Takeshita, J., Mehta, N.N., Kimmel, S.E., Ogdie, A., Margolis, D.J., Shin, D.B.,

Attor, R., Troxel, A.B., Gelfand, J.M., 2013. Psoriasis severity and the prevalence of major

medical comorbidity: a population-based study. JAMA Dermatol. 149, 1173.

426 The Heart in Systemic Autoimmune Diseases



Chapter 17

Cardiovascular Involvement in
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1. INTRODUCTION

Sjögren syndrome (SjS) is a systemic autoimmune disease that mainly affects
the exocrine glands and causes dryness of the main mucosal surfaces
(Ramos-Casals et al., 2012). When symptoms appear in a previously healthy
person, the disease is classified as primary SjS. However, the clinical spec-
trum of SjS extends from dryness to systemic involvement (extraglandular
manifestations) and includes a large number of organ-specific manifestations.
Cardiovascular involvement is one of the extraglandular involvements less
frequently studied in primary SjS, although a growing interest on investi-
gating cardiovascular features in SjS patients has emerged from studies
reported in the last 10 years.

2. RAYNAUD PHENOMENON

Raynaud phenomenon, with a prevalence of 10e20%, is probably the most
common vascular feature of SjS, and may be the first sign of the disease. We
reported in 2002 (Garcia-Carrasco et al., 2002) that Raynaud phenomenon
preceded the onset of sicca symptoms in 75% of our patients with primary SjS.
In comparison with other systemic autoimmune diseases such as systemic
sclerosis, the clinical course of Raynaud phenomenon in primary SjS is milder,
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and vascular complications (digital ischemia, fingertip infarctions) are
uncommon, with pharmacologic interventions being necessary in less than
40% of cases.

In patients with primary SjS presenting with Raynaud phenomenon, a
capillaroscopic study is highly recommended, together with the determination
of serum anticentromere antibodies (ACAs), especially in those with negative
anti-Ro/La antibodies presenting with severe vascular features. Two recent
studies (Nakamura et al., 2010; Bournia et al., 2010) have reported a prevalence
of ACAs of 4e11% in primary SjS patients; these patients had a differentiated
clinical and immunological profile, including a higher frequency of Raynaud
phenomenon and dysphagia and a lower frequency of hypergammaglobulinemia
and positive Ro/La autoantibodies; some SjS-ACA þ patients finally developed
an overt systemic sclerosis during the follow-up.

3. CARDIOVASCULAR DISEASE

Cardiovascular disease has emerged as a major cause of morbidity and
mortality in patients with autoimmune diseases such as systemic lupus
erythematosus and rheumatoid arthritis, and it has been associated with both
traditional and autoimmune cardiovascular risk factors (Pérez-De-Lis et al.,
2010). In 2005, two case-control studies suggested that primary SjS may be
associated with a higher frequency of cardiovascular and metabolic abnor-
malities. Lodde et al. (2006) reported an abnormal lipid serum profile in 46
patients with primary SjS, while Vaudo et al. (2005) found a higher rate of
subclinical atherosclerosis in 37 female SjS patients who were studied by
femoral and carotid ultrasonography.

3.1 Cardiovascular Risk Factors

In 2007, we reported the first case-control study that analyzed the main
cardiovascular risk factors in a large series of unselected patients with primary
SjS (Pérez-De-Lis et al., 2010). In our SjS patients, the most prevalent
cardiovascular risk factors were hypercholesterolemia (30%), hypertension
(30%), diabetes mellitus (27%), and hypertriglyceridemia (22%). We found a
high frequency of diabetes mellitus and hypertriglyceridemia and a lower
frequency of hypertension and smoking in comparison with an age- and sex-
matched control population from a primary care center. The frequency of
diabetes mellitus was 10% higher than that of our primary care patients,
reinforcing the association between diabetes and SjS reported in experimental
studies using the NOD mouse, a murine model of diabetes that develops an
exocrine disease similar to human SjS (Tran et al., 2007). The prevalence of
cardiovascular risk factors in our patients with primary SjS was lower in those
treated with antimalarials, a finding confirmed in a recently published multi-
center registry (Gheitasi et al., 2015).
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Three recent case-control studies from UK (Juarez et al., 2014) and Italy
(Bartoloni et al., 2015; Augusto et al., 2015) have confirmed a higher
frequency of the main cardiovascular risk factors in patients with primary SjS
in comparison with those without autoimmune diseases, including a higher
frequency of hypertension, dyslipidemia, and metabolic syndrome.

3.2 Subclinical Cardiovascular Disease

Vaudo et al. (2005) published the first study that evaluated the presence of
subclinical carotid disease in patients with primary SjS. Table 17.1 summa-
rizes the main results obtained in studies in patients with primary SjS. Two
studies reported a higher frequency of carotid plaques in SjS patients in
comparison with controls, although the difference was not statistically sig-
nificant (Vaudo et al., 2005; Gravani et al., 2015). Five studies studied the
intima-media thickness (IMT) with no homogeneous results: two studies found
an increased IMT in SjS patients (Gravani et al., 2015; Vaudo et al., 2005) and
the other three found no significant differences in comparison with the control
group (Akyel et al., 2012; Atzeni et al., 2014; Zardi et al., 2014). Other studies
have reported an abnormal ankle-brachial index (Rachapalli et al., 2009) or an
increased arterial stiffness (Atzeni et al., 2014; Sabio et al., 2015) in patients
with primary SjS.

3.3 Cardiovascular Events and Mortality

Reported mortality rates in primary SjS cohorts have decreased progressively
during the last four decades: Kassan et al. (1978) reported a rate of 40%, a
figure that was reduced to 20e26% in studies in the 1990s and 5e15% in
studies in the 2000s (Brito-Zeron et al., 2014). Mortality is mainly attributed
to systemic disease and lymphoma, although all the studies mentioned
included all causes of mortality in their analyses. But as occurs with other
systemic autoimmune diseases, mortality in primary SjS is not only related to
the autoimmune disease itself. In our recent study (Brito-Zeron et al., 2014),
the main cause of death in the largest cohorts of patients with primary SjS is
cardiovascular diseases (30% of deaths), followed by infections, systemic
disease, and hematological neoplasia. A recent systematic review that
analyzed 10 studies including nearly 8000 patients with primary SjS (Singh
et al., 2015) have confirmed cardiovascular disease as the leading cause of
mortality in SjS. Bartoloni et al. (2015) have retrospectively evaluated a
cohort of 1343 Italian patients with primary SjS and reported an increased risk
of cardiovascular events in primary SjS patients in comparison with the
control group, including a higher frequency of cerebrovascular events (2.5%
vs. 1.4%) and myocardial infarction (1.0% vs. 0.4%); the authors identified
central nervous system involvement, leukopenia, and the use of immuno-
suppressive therapy as SjS-related factors associated with a higher risk of
cardiovascular events.

Cardiovascular Involvement Chapter j 17 429



TABLE 17.1 Carotid Ultrasound in Primary Sjögren Syndrome (SjS) (Akyel et al., 2012; Atzeni et al., 2014; Gravani et al., 2015;

Vaudo et al., 2005; Zardi et al., 2014)

Author (Ref), Year. Country

Study

Group

Groups Size (n);

Women (%) Age (Years)

Carotid Mean

ITM (mm)

P

value

Carotid

Plaques (n (%))

P

value

Vaudo et al. (2005). Italy SjS 37; 100 48 � 14 0.82 � 0.24 �0.001 9 (24) 0.44

Control 35; 100 51 � 16 0.63 � 0.2 7 (20)

Akyel et al. (2012). Turkey SjS 35; 88.6 47.6 � 8 0.53 � 0.08 0.345 e e

Control 20; 85 48.1 � 7.8 0.5 � 0.1 e

Atzeni et al. (2014). Italy SjS 22; 72.7 60.14 � 7.81 0.6 (0.55e0.7) NS e e

Control 22; 72.7 59.25 � 2.08 0.57 (0.5e0.6) e

Zardi et al. (2014). Italy SjS 18; 100 65 � 5.93 0.7 (0.6e0.95) 0.85 10 (56) 0.74

Control 18; 100 66 � 5.94 0.7 (0.6e1.1) 8 (44)

Gravani et al. (2015). Greece SjS 64; 93.7 57.2 � 12.4 1 � 0.3 <0.05 44 (68.8) NS

Control 60; 92.8 56.4 � 7.8 0.9 � 0.2 34 (56.9)

ITM, intima-media thickness; NS, not significant.
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4. AUTONOMIC CARDIOVASCULAR FEATURES

Several studies have reported autonomic cardiovascular disturbances in
patients with primary SjS, including orthostatic intolerance, secretomotor
dysfunction, male sexual dysfunction, urinary dysfunction, gastroparesis,
pupillomotor dysfunction, vasomotor dysfunction, or sleep disorders.
Table 17.2 summarizes the main case-control studies published in the last
10 years (Newton et al., 2012; Barendregt et al., 2002; Cai et al., 2008; Mandl
et al. 2001, 2007, 2008, 2010; Niemela et al., 2003; Ng et al., 2012; Kovács
et al., 2004): four studies found a higher rate of autonomic involvement using
standardized scores (COMPASS, AN, and ASP), and the remaining studies
demonstrated differences in the results of a wide list of objective tests that

TABLE 17.2 Autonomic Cardiovascular Abnormalities in Patients With

Primary Sjögren Syndrome (SjS) (Newton et al., 2012; Barendregt et al.,

2002; Cai et al., 2008; Mandl et al. 2001, 2007, 2008, 2010; Niemela et al.,

2003; Ng et al., 2012; Kovács et al., 2004)

Author

(Ref), Year

Study

Design

SjS

Patients (n)

Control

Groups (n)

Abnormal

Scores

Abnormal

Tests

Newton et al.
(2012)

Case-
control

317 317 COMPASjS
subscales

e

Barendregt
et al. (2002)

Case-
control

43 30 e HRV, SPB,
IBI, DBP,
BSR

Cai et al.
(2008)

Case-
control

25 25 COMPASjS
subscales

SPB, HRV

Mandl et al.
(2001)

Case-
control

30 80/50 e VAC, DBT,
SBP, DBP

Niemela et al.
(2003)

Case-
control

30 30 e None

Mandl et al.
(2007)

Case-
control

46 56/238/80 e DBT, SBP,
DBP, VAC

Ng et al.
(2012)

Case-
control

21 21 e SBP

Kovács et al.
(2004)

Case-
control

51 559 AN score HRV, BP

Mandl et al.
(2008)

Case-
control

38 200 ASP score DBT, VAC,
SBP, DBP

BSR, baro-reflex sensitivity; DBP, diastolic blood pressure; DBT, deep-breathing test (expiratory/
inspiratory ratio); HRV, heart rate variability; IBI, interbeat interval; SBP, systolic blood pressure;
VAC, vasoconstrictory index.
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evaluate autonomic dysfunction (Table 17.2), except the study reported by
Niemela et al. (2003) in which no significant differences were found in
comparison with the control group. Mandl et al. (2010) analyzed the pro-
gression of autonomic dysfunction in 27 patients observed for a mean of
5 years and reported that only one parameter (the diastolic blood pressure
ratio) worsened at the end of follow-up; these authors also reported a signif-
icant association between autonomic symptoms and general symptoms
(fatigue, anxiety, and depression).

5. PULMONARY ARTERIAL HYPERTENSION

Pulmonary arterial hypertension (PAH) is a vascular disease of the small
pulmonary arteries that causes a progressive increase in pulmonary vascular
resistance leading to right ventricular failure and, potentially, death. PAH is
one of the main vascular complications of the limited form of systemic
sclerosis, although recent studies have reported PAH in patients with other
systemic autoimmune diseases, including primary SjS (Ahmed and Palevsky,
2014).

A total of eight studies have analyzed the prevalence of PAH in patients
with primary SjS (Lin et al., 2010; Vassiliou et al., 2008; Ye et al., 2008; Taouli
et al., 2002; Parambil et al., 2006; Yan et al., 2008; Lei et al., 2009; Launay
et al., 2007; Leone et al., 1996; Kobak et al., 2014) and identified 170 cases
(14%) in 1205 patients, with a prevalence ranging from 4% to 44%. We have
identified 35 additional reported cases (Chen et al., 2006a,b; Launay et al.,
2007; Luo et al., 2011; Biyajima et al., 1994; Gallerani et al., 1996; Usui et al.,
1998; Aoki et al., 2000; Ohnishi et al., 2000; Nakagawa et al., 2003;
Tatsukawa et al., 2003; Aslaksen and Nossent, 2004; Vallalta Morales et al.,
2004; Bertoni et al., 2005; Chen et al., 2006a,b; Thiam et al., 2006; Seck et al.,
2007; Zhu et al., 2007; Yasuda et al., 2009; Szturmowicz et al., 2010;
Arca Barca et al., 2011; Naniwa and Takeda, 2011). Nearly 75% of the total
cases (141/194) were reported in Asian countries (China, Japan, and Taiwan).
Epidemiological features were detailed in 30 cases, with a mean age of
49 years (range 21e71 years) and a female: male ratio of 29:1. Death was
reported in 10 out of 30 cases.

The clinical presentation of PAH in patients with primary SjS was detailed
in 30 cases and consisted of dyspnea in all reported cases, accompanied by a
history of right heart failure in 23% and syncope in 10%. The main extra-
glandular features associated with PAH were Raynaud phenomenon (52%)
and interstitial lung disease (31%). The majority of patients had anti-Ro/SjS-A
(20/26, 77%) or anti-La/SjS-B (12/21, 57%) antibodies; none of the reported
patients who were tested for scleroderma-related autoantibodies were positive,
although anti-RNP antibodies were positive in 6/11 (55%) patients.

PAH should be suspected in primary SjS patients presenting with
unexplained dyspnea and normal chest radiography. Cardiac echo-Doppler is a
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noninvasive PAH screening technique. However, PAH should be confirmed by
right-heart catheterization, demonstrating an elevated mean pulmonary artery
pressure (mPAP) > 25 mm Hg at rest or >30 mm Hg during exercise. In half
the detailed cases in primary SjS, diagnosis of PAH preceded or coincided
with the diagnosis of SjS, with a delay between the first symptom and the
diagnosis of PAH of >1 year in two-thirds of cases (Launay et al., 2007).
Right-heart catheterization confirmed PAH in all but two of the isolated
reported cases with primary SjS, with a mean mPAP of 54 mm Hg (range,
36e100 mm Hg) and with one patient diagnosed with an mPAP of 33 mm Hg
during exercise. Prevalence studies using echocardiography found that only
11/45 (24%) patients had an estimated PAP >50 mm Hg.

The principal causes of PAH unrelated to primary SjS (mainly congenital
heart disease, chronic pulmonary/liver disease, and HIV infection) should first
be ruled out. In addition, the emergence of associated systemic diseases
(mainly scleroderma and SLE) should also be investigated in all SjS patients
with PAH; PAH may also be related to complications that can develop in some
patients with SjS, such as cirrhosis related to liver involvement (hepatitis C
infection, primary biliary cirrhosis), pulmonary fibrosis, or lymphoma.

6. ARRHYTHMIAS

6.1 Ro-Associated Congenital Heart Block

Ro-associated or autoimmune congenital heart block (CHB) is included
among the manifestations induced by maternal antibodies against the Ro/La
autoantigens that cross the placenta (collectively referred to as neonatal lupus).
These autoantibodies damage the conduction tissues during fetal development
of the heart inducing inflammation, calcification, and fibrosis, which leads to
blocking signal conduction at the atrioventricular (AV) node in an otherwise
structurally normal heart (Brito-Zerón et al., 2015). The great majority of the
affected pregnancies present with complete (third-degree) AV block resulting
in ventricular heart rates often ranging between 50 and 70 beats per minute.
Analysis of underlying maternal autoimmune diseases showed that nearly half
of mothers had some clinical autoimmune features or were asymptomatic
carriers of Ro antibodies, not fulfilling the classification criteria for a specific
systemic autoimmune disease; for the remaining mothers, SjS and SLE (alone
or reported together) accounted for 95% of cases with a well-defined systemic
autoimmune disease (Brito-Zerón et al., 2015).

In primary SjS, the identification of CHB during pregnancy may be the first
clue to the disease in women of childbearing age. In these asymptomatic
pregnant women, the diagnosis of fetal CHB in a structurally normal heart,
especially during weeks 16e24 of gestation, should immediately trigger an
evaluation of the maternal sera for antibodies reactive overwhelmingly against
the Ro antigen. In a recent systematic review, 113 (13%) out of 856
CHB-affected mothers had an underlying primary SjS at the diagnosis of fetal
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heart block (Brito-Zerón et al., 2015). Table 17.3 summarizes the data of three
studies in which mothers were followed-up searching for the development of a
defined SAD after a diagnosis of autoimmune CHB (Press et al., 1996;
Julkunen and Eronen, 2001; Rivera et al., 2009); after a mean follow-up
ranging between 7 and 10 years, the disease more frequently diagnosed was
SjS in 16% of cases followed by SLE in 8%. These data suggest that a positive
immunological result may lead to an early diagnosis of primary SjS, either at
the diagnosis of CHB or, in some cases, several years before the onset of overt
sicca syndrome.

6.2 Ro-Associated Arrhythmias in Adults

Recent studies have suggested that the adult heart, classically considered
invulnerable to the effect of anti-Ro antibodies, may be a potential target for
the development of arrhythmias in patients carrying these autoantibodies. The
prolongation of the QTc interval is the most frequent abnormality observed in
adults carrying anti-Ro antibodies, together with an increased risk of
ventricular arrhythmias that could be life-threatening (Lazzerini et al., 2010).
A recent study has tested the hypothesis that anti-Ro Abs target the
HERG-K(þ) channel in an animal model of autoimmune-associated QTc
prolongation (Yue et al., 2015). The authors have reported that anti-Ro anti-
bodies from patients with autoimmune diseases inhibit IKr by cross-reacting
with the HERG channel likely at the pore region, probably related to the
molecular homology between the anti-52-kDa Ro antigen and the HERG
channel. The authors proposed that adult patients carrying anti-Ro antibodies
may benefit from routine ECG screening to detect QTc prolongation syndrome
(Lazzerini et al., 2011).

Table 17.4 summarizes the main features of five isolated cases of cardiac
arrhythmias reported in adult Ro þ patients with primary SjS (Lee et al., 1996;
Baumgart et al., 1998; Sung et al., 2011; Liang et al., 2015). Theander et al.
(1999) also reported a 55-year old woman diagnosed with primary SjS who
suddenly developed AV-block III and was finally diagnosed with systemic
sarcoidosis.

7. PERICARDITIS

Pericarditis is caused by inflammation of the pericardium; pericardial effusion
complicates pericarditis in two-thirds of cases, and effusions are classified as
small (<1 cm), moderate (1e2 cm), or large (>2 cm). In primary SjS,
pericardial effusion was reported in 87/655 (13%) patients evaluated by
echography (Gyongyosi et al., 1996; Manganelli et al., 1997; Ye et al., 2008;
Vassiliou et al., 2008), while pericarditis was reported in 9/456 (2%) patients
included in clinical SjS cohorts (Gyongyosi et al., 1996; Kruize et al., 1996;
Skopouli et al., 2000; Pertovaara et al., 2001); one study (Brucato et al., 2006)
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TABLE 17.3 Studies in Which Mothers Were Followed-up Searching for the Development of a Defined SAD After a Diagnosis of

Autoimmune Congenital Heart Block (CHB)

Author (Ref), Year Mothers

Maternal SjS at CHB

Diagnosis

Asymptomatic/UAD

Mothers

New SjS at

Follow-up

New SLE at

Follow-up

Follow-up

(Years)

Press et al. (1996) 64 1 54 2/54 4/54 10

Julkunen and Eronen
(2001)

83 3 74 33/74 9/74 9.9

Rivera et al. (2009) 229 65 151 10/151 10/151 7

TOTAL 376 69 279 45/279 (16%) 23/279 (8%)
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reported primary SjS in 4/48 (8%) patients with “idiopathic” recurrent peri-
carditis, and four additional isolated cases have been reported (Kau et al.,
2004; Mutsukura et al., 2007; Yoong et al., 2007; Chen et al., 2009).

Epidemiological features have been detailed in only 4 of the 17 reported
cases of pericarditis in primary SjS (all were female, with a mean age of
57 years). Clinically, pericarditis was the initial manifestation of primary SjS
in two of the four detailed cases. Clinical features included dyspnea (n ¼ 4),
chest pain (n ¼ 2), fever (n ¼ 2), pericardial effusion (n ¼ 2), and heart failure
(n ¼ 2). All four patients had positive ANA and anti-Ro/SjS-A antibodies and
all had associated diseases or conditions (primary cardiac lymphoma, throm-
botic thrombocytopenic purpura, systemic cryoglobulinemic vasculitis, and
pregnancy, respectively). Complications such as cardiac tamponade,
constrictive pericarditis, or purulent pericarditis, or the need for invasive
procedures (pericardiocentesis/pericardial window) have not been reported in
primary SjS patients.

Pericarditis should be diagnosed clinically, with the following features
being highly suggestive: characteristic chest pain, pericardial friction rub,
suggestive electrocardiographic (ECG) changes, and new/worsening pericar-
dial effusion. The standard diagnostic approach should include complete blood
cell count, cardiac enzymes, and measurement of sedimentation rate/
C-reactive protein concentration, together with ECG and echocardiography to
evaluate pericardial effusion. The pericardial fluid in SjS-related pericarditis
was exudative in all reported cases (Gyongyosi et al., 1996; Vassiliou et al.,
2008; Ye et al., 2008). Finally, investigation underlying autoimmune diseases
in patients with idiopathic recurrent pericarditis is mandatory (one study
identified SjS in nearly 10% of patients) (Brucato et al., 2006).

Due to the very-low frequency of pericarditis in primary SjS, the main
causes of pericarditis in the general population should first be ruled out,

TABLE 17.4 Main Features of Five Isolated Sases of Cardiac Arrhythmias

Reported in Adult Ro þ Patients With Primary Sjögren Syndrome (SjS)

Author (Ref), Year Arrhythmia Ro/La Autoantibodies

Lee et al. (1996) Complete AV block Ro52þ, Ro60þ
Baumgart et al. (1998) Complete AV block Ro60þ, Laþ
Sung et al. (2011) Complete AV block Ro/SjSAþ
Liang et al. (2015) Premature ventricular

contraction þ intraventricular
conduction block

Ro52þ

Liang et al. (2015) Intra-atrial & intraventricular
conduction block

Ro52þ
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especially viruses and other nonautoimmune causes such as cardiac disease
(myocardial infarction, history of cardiac surgery), tuberculosis, chronic heart/
liver/renal failure, and neoplasia (lymphoma). In addition, the possible
emergence of an associated autoimmune disease (mainly SLE but also sys-
temic sclerosis) should also be evaluated.

8. MYOCARDITIS

Autoimmune myocarditis is an infrequent cause of cardiac involvement in
patients with SAD. This life-threatening clinical presentation has been mainly
reported in patients with SLE, with a frequency lower than 10%. In patients
with primary SjS, myocarditis has been reported in only four patients
(Yoshioka et al., 1999; Levin et al., 1999), including patients with associated
cryoglobulinemic vasculitis (Kau et al., 2004) or who presented with severe
arrhythmias (Liang et al., 2015).
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Chapter 18

Gout and Heart Disease: A
Two-Way Street?

M. Heslinga, M. Nurmohamed and M. Gerritsen
Amsterdam Rheumatology and Immunology Center and Reade, Amsterdam, The Netherlands

Key Points

l Gout is the most common inflammatory rheumatic disease with an
increasing incidence.

l Traditional cardiovascular risk factors such as hypertension, diabetes
mellitus, and chronic kidney disease are more prevalent in patients with
gout.

l Hyperuricemia and gout seem to be independent cardiovascular risk
factors.

l A link between hyperuricemia and gout and cardiovascular disease is
provided by the inflammatory status in which inflammasome activation
plays an important role.

l Physicians treating patients with gout should be aware of the increased
cardiovascular risk; cardiovascular risk factors should be identified and
treated.

1. INTRODUCTION

Gout is the most common inflammatory rheumatic disease, with an estimated
prevalence ranging between 1% and 3% (Zhu et al., 2011). In addition, the
incidence is rising (Smith et al., 2014). Gout is a disease characterized by the
deposition of monosodium urate (MSU) crystals in the joints, skin, and kid-
neys. Crystal deposition in the joints can result in acute gouty arthritis and
chronic arthropathy while depositions in soft tissue may result in the presence
of tophi (tophaceous gout). As in other inflammatory diseases, for example,
rheumatoid arthritis (RA), gout is considered a condition associated with an
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increased cardiovascular risk (Kuo et al., 2016). The origin of this increase
appears to be two-fold; first, traditional risk factors such as such as dyslipi-
demia, hypertension, smoking, obesity, and diabetes mellitus (DM) are more
prevalent in gout patients compared with the general population. Secondly
there is mounting evidence that gout and hyperuricemia are independent risk
factors for cardiovascular disease. In this chapter, associations between gout,
hyperuricemia, and cardiovascular comorbidities will be discussed. The focus
will be on atherosclerotic cardiovascular disease, but nonischemic heart dis-
ease will also be discussed.

2. GOUTdOVERVIEW

In humans, uric acid is derived from xanthine by the action of xanthine oxi-
dase, and it is the end product of purine metabolism (Fig. 18.1). Uric acid is
mainly excreted by the kidneys, and therefore serum levels increase when
renal function is impaired. Uric acid levels increase in case of excessive intake
of purine rich foods, fructose, or alcohol. Other causes of hyperuricemia are
conditions associated with high cell turnover, that is, lymphoproliferative

FIGURE 18.1 Uric acid metabolism (Rock et al., 2013).
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disease. Hyperuricemia is usually defined as an uric acid level >6.5 or 7.0 mg/
dL (>416 mmol/L) in men and >6.0 mg/dL (>360 mmol/L) in women; how-
ever, thresholds varying between 6 and 8 mg/dL are used in clinical studies
(Khanna et al., 2012).

Clinical manifestations of gout may include acute attacks of arthritis,
which are often recurrent, chronic arthropathy, or tophaceous deposits. In
addition, gout may present as nephrolithiasis, and also nephropathy is common
as gout. Although all patients with gout have hyperuricemia, not all hyper-
uricemic patients develop gout.

Gout is more common in males than females, although this difference
diminishes at older age, and prevalences in males and postmenopausal females
are similar. Estimates of the prevalence of gout range between 1% and 3%
(Zhu et al., 2011) and increases (Smith et al. 2014) in parallel with the
increased prevalence of risk factors for gout: obesity, hypertension, hyperlip-
idemia, and DM.

Acute gouty arthritis is typically monoarticular and occurs most often in,
but is not limited to, the lower extremities. An acute gout attack may also be
polyarticular; this is more likely to occur in patients with long-standing disease
and is characterized by intense inflammation, and clinical features include
redness, severe pain, swelling, and warmth. Maximum inflammation develops
within one day and the attack often fades within a couple of days to weeks.

Gout can be diagnosed by the presence of intracellular MSU crystals
(visualized by polarized light microscopy) in synovial fluid or material aspi-
rated from tophi. When crystal confirmation is not possible, a clinical diag-
nosis based on history, physical examination, and laboratory tests can be made.
Laboratory evaluation shows inflammatory changes: elevation of the eryth-
rocyte sedimentation rate or C-reactive protein and leukocytosis. Serum uric
acid during an acute attack might be low, normal, or high. Imaging modalities
can be used to diagnose gout and include radiography or magnetic resonance
imaging to assess the presence of subcortical cysts and ultrasound (US) were
signs of arthritis can be seen as well as tophaceous deposits in joints or ten-
dons. Dual-energy computed tomography is a new technique able to visualize
urate deposits in the joints and periarticular locations (Ogdie et al., 2015).

For the diagnosis and classification of gout, there are several sets of criteria
(Janssens et al., 2010; Wallace et al., 1977). Until recently, the 1977 American
Rheumatism Association [now the American College of Rheumatology (ACR)]
preliminary criteria were used most frequently. Since then new imaging mo-
dalities have been developed, and an increasing number of trials on gout have
led to the need for more sensitive and specific criteria. Therefore, the ACR and
the European League Against Rheumatism (EULAR) recently developed
classification criteria for gout with a stepwise diagnostic approach (Table 18.1)
(Neogi et al., 2015). These criteria include the occurrence of at least one
episode of peripheral joint or bursal swelling, pain, or tenderness, combined
with specified clinical characteristics (pattern of joint/bursa involvement,
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TABLE 18.1 The ACR/EULAR Gout Classification Criteria

Categories

Step 1: Entry criterion (only apply criteria
below to those meeting this entry criterion)

At least 1 episode of swelling, pain, or
tenderness in a peripheral joint or bursa

Step 2: Sufficient criterion (if met, can
classify as gout without applying criteria
below)

Presence of MSU crystals in a
symptomatic joint or bursa or tophus

Step 3: Criteria (to be used if sufficient criterion not met)

Clinical Score

Pattern of joint/bursa involvement during
symptomatic episode(s) ever

Ankle or mid-foot 1

Involvement of the first
metatarsophalangeal joint

2

Characteristics of symptomatic episode(s)
ever
l Erythema overlying affected joint
l Can’t bear touch or pressure to affected

joint
l Great difficulty with walking or inability

to use affected joint

One characteristic 1

Two characteristics 2

Three characteristics 3

Time course of episode(s) ever presence
(ever) of �2, irrespective of
antiinflammatory treatment:
l Time to maximal pain <24 h
l Resolution of symptoms in �14 days
l Complete resolution (to baseline level)

between symptomatic episodes

One typical episode 1

Recurrent typical episodes 2

Clinical evidence of tophus
Draining or chalk-like subcutaneous
nodule under transparent skin, often with
overlying vascularity, located in typical
locations: joints, ears, olecranon bursae,
finger pads, tendons

Present 4

Laboratory

Serum urate: <4 mg/dL (<0.24 mmol/L) �4

6e<8 mg/dL
(0.36e<0.48 mmol/L)

2

8e<10 mg/dL
(0.48e<0.60 mmol/L)

3

�10 mg/dL (�0.60 mmol/L) 4

Synovial fluid analysis of a symptomatic
(ever) joint or bursa

MSU negative �2
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characteristics, and time course of symptomatic episodes), laboratory results
(serum urate, MSU negative synovial fluid aspirate), and imaging (double
contour sign on US or urate on dual-energy computed tomography, radio-
graphic gout-related erosion).

3. CARDIOVASCULAR DISEASE

The association between uric acid, gout, and an increased cardiovascular risk
has been long recognized: however, if uric acid and/or gout are causal to this
increased risk for cardiovascular disease has been under debate. Evidence
supporting that gout and serum uric acid level are independent risk factors has
emerged in the last decades. This section will discuss the association between
gout and cardiovascular disease. In addition to atherosclerotic heart disease,
data on the association between hyperuricemia and other cardiac diseases have
been reported. These include atrial fibrillation (AF), diastolic dysfunction, and
ventricular hypertrophy.

3.1 Gout and Atherosclerotic Cardiovascular Disease

Cardiovascular disease comprises a range of clinical manifestations including
angina pectoris, myocardial infarction, cerebral vascular disease (ischemic
stroke), heart failure, and peripheral arterial disease. Hyperuricemia was found
to be a predictor of poor prognosis in several (cardiovascular) diseases, for
example, in stroke and myocardial infarction.

The Framingham Heart Study was one of the first large studies reporting
the association between serum urate with cardiovascular morbidity and mor-
tality (Abbott et al., 1988). After correction for known cardiovascular risk
factors, no association was found between serum uric acid and cardiovascular
disease, suggesting that the association is confounded by other cardiovascular
risk factors. Since then, other studies investigating this association reported

TABLE 18.1 The ACR/EULAR Gout Classification Criteriadcont’d

Clinical Score

Imaging

Imaging evidence of urate deposition in
symptomatic (ever) joint or bursa:
ultrasound evidence of double-contour sign
or DECT demonstrating urate deposition

Present (either modality) 4

Imaging evidence of gout-related joint
damage: conventional radiography of the
hands and/or feet demonstrates at least 1
erosion

Present 4

Adapted from the ACR/EULAR gout classification criteria (Neogi et al., 2015).
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conflicting results, although a recent meta-analysis suggests that an elevated
serum uric acid level is indeed an independent cardiovascular risk factor (Kim
et al., 2009, 2010; Li et al., 2014, 2016). Kim et al. performed two systematic
reviews, analyzing the association between hyperuricemia and coronary heart
disease and stroke, respectively. In the first systematic review, 17 prospective
cohort studies reporting the incidence of both fatal and nonfatal cardiovascular
disease and cardiac mortality as outcomes were included. In all included
studies, associations were corrected for traditional cardiovascular risk factors,
and this meta-analysis showed an increased risk for cardiovascular disease
(RR ¼ 1.09; 95% BI ¼ [1.03; 1.16]) and mortality (RR ¼ 1.16 [1.01; 1.30]).
In subgroup analyses, the association between hyperuricemia and cardiovas-
cular disease and mortality was only significant in women (RR ¼ 1.07 [0.82;
1.32] and 1.67 [1.30; 2.04], respectively). The second systematic review
investigating the association between hyperuricemia and stroke was a meta-
analysis comprising 10 prospective cohort studies, corrected for traditional
cardiovascular risk factors. Hyperuricemia was significantly associated with
stroke (RR ¼ 1.47 [1.19; 1.76]) and stroke mortality (RR ¼ 1.26 [1.12; 1.39]).
Interestingly, a study by Kuo et al. (2013) demonstrated that individuals with
serum uric acid levels at both lowest and highest strata were associated with a
higher risk for all-cause and cardiovascular mortality.

For gout, data on the association with cardiovascular disease are more
sparse, although this topic has received increasing attention over the last
decade. A meta-analysis based on four studies showed that gout increases
cardiovascular risk by 38% (CI 1.23; 1.56) (Nederlandse Vereniging voor
Reumatologie, 2013). These results were confirmed by a more recent meta-
analysis, reporting that patients with gout have an increased risk for
nonfatal myocardial infarction (RR 1.29, 95% CI 1.19e1.39) (Liu et al.,
2015). In a large cohort of primary care patients with gout, multivariable
analysis showed an increased risk of cardiovascular events, which differed
between men and women (HR 1.06, 95% CI 1.01e1.12 and HR 1.25, 95% CI
1.15e1.35, respectively) (Clarson et al., 2015).

In conclusion, evidence suggesting that hyperuricemia and gout are inde-
pendent cardiovascular risk factors is mounting, and physicians treating pa-
tients with gout should be aware of the increased cardiovascular risk.

3.2 Gout and Nonatherosclerotic Cardiovascular Disease

3.2.1 Atrial Fibrillation

An UK population-based study assessed the prevalence of AF in gout patients
and matched controls and found a twofold higher prevalence in gout patients.
After correction for known risk factors for AF, gout was still independently
associated with AF (Kuo et al., 2015). An US cohort study compared the risk
of AF in gout patients to the risk in osteoarthritis patients, and also reported a
higher risk of AF in gout after adjusting for other risk factors (Kim et al.,
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2015). Of all cardiac arrhythmias, AF is the most prevalent. Risk factors for
AF include (among others) hypertension, obesity, and heavy alcohol intake
and it is no coincidence that these risk factors are also risk factors for gout.
Hypertension can affect cardiac structure, that is, enlargement of the left
atrium, slowing atrial conduction, which favor the development of AF. In light
of these findings, it is interesting to consider the potential benefit of colchicine
and allopurinol on reducing the risk of AF, either as a direct effect or by
decreasing blood pressure (Imazio et al., 2011). In the COPPS (Colchicine for
the Prevention of the Postpericardiotomy Syndrome) trial, the administration
of colchicine after cardiac surgery was associated with a 45% reduction in the
incidence of postoperative AF 45% (Imazio et al., 2011).

3.2.2 Diastolic Dysfunction and Ventricular Hypertrophy

Raised serum uric acid levels are associated with left ventricular hypertrophy
(Fujita et al., 2013; Mitsuhashi et al., 2009), and this also seems true for gout
(Lin et al., 2015). In addition, elevated uric acid has been associated with
diastolic dysfunction (Cicoira et al., 2002). Remodeling of the left ventricle
plays a major part in the development of heart failure. Reactive oxygen species
in the myocardium are key mediators in this process by activating signaling
pathways that lead to ventricular hypertrophy and ultimately dysfunction of
the left ventricle. Some studies have reported an increased expression of
xanthine oxidation in heart failure. Reactive oxidant species from xanthine
oxidase directly induce hypertrophy and dysfunction in vitro. This process has
also been demonstrated in rats: rats with hyperuricemia had increased oxidant
and superoxide production post myocardial infarction, which was associated
with increased left ventricular dysfunction and myocardial hypertrophy (Chen
et al., 2011). Treatment with allopurinol attenuated this process (Chen et al.,
2011). Similar results were found in a study in mice. These results represent
allopurinol as a possible strategy to prevent LV remodeling and dysfunction
after myocardial infarction (Engberding et al., 2004).

4. GOUT AND TRADITIONAL CARDIOVASCULAR RISK
FACTORS

Although both hyperuricemia and gout are independent risk factors for car-
diovascular disease, there is undoubtedly an association with the traditional
cardiovascular risk factors. This section will discuss these risk factors and how
these relate to gout.

4.1 Hypertension

The relationship between hyperuricemia and the incidence of hypertension has
been noticed in many observational studies. A recent meta-analysis assessed
the association between uric acid levels and the risk of developing hypertension
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and reported a dose-responsive relationship: a 1 mg/dL increase in uric acid
level was associated with a 15% adjusted risk increase for incident hyperten-
sion (95% CI 1.06e1.26) (van et al., 2014). Unfortunately, this meta-analysis
did not include studies in gout patients. However, other published data show
an increased prevalence of hypertension in patients with gout: in a Chinese
population of gout patients, the risk of developing hypertension was increased
by 18% compared to participants without gout (95% CI 1.02e1.37) (Pan et al.,
2015). A population-based study from Stockholm reported an increased risk for
hypertension in patients with gout (OR 4.02, 95% CI 3.69e4.37 in women and
OR 3.21, 95% CI 3.06e3.37 in men) (Wandell et al., 2015). In addition, serum
uric acid level seems to predict the development of hypertension (Sundstrom
et al., 2005). Mechanisms by which uric acid might induce hypertension have
been studied in animal models and include activation of the renin-angiotensin
system and reduction of nitric oxide (NO) production (Mazzali et al., 2001).

4.2 Metabolic Syndrome and Diabetes Mellitus

Metabolic syndrome (MetS) is defined by the clustering of overweight, high
blood pressure, high blood glucose, and dyslipidemia and is of major impor-
tance because of its increasing incidence and close relation to DM type 2 and
cardiovascular disease. The prevalence of MetS in gout patients is more than
doubled compared to the general population (62.8% vs. 25.4%) (Choi et al.,
2007). A possible connection between hyperuricemia and MetS might be in-
sulin resistance, as hyperuricemia can lead to elevated insulin levels. More-
over, hyperinsulinemia can increase reabsorption of uric acid in the kidneys,
leading to hyperuricemia. Data on hyperuricemia and DM is abundant,
showing an increased prevalence of DM in hyperuricemic subjects and in
patients with gout (Krishnan et al., 2013; Rho et al., 2016).

4.3 Chronic Kidney Disease

Hyperuricemia is associated with chronic kidney disease, although a causal
role has not been established (Borghi et al., 2015). In chronic kidney disease,
urate excretion is diminished leading almost inevitable to hyperuricemia.
Persistent hyperuricemia can also result in the deposition of urate in the renal
interstitium, leading to progressive tubular injury. Patients with chronic kidney
disease have a markedly increased cardiovascular risk compared with the
general population.

5. ETIOLOGY AND PATHOGENESIS

5.1 Uric Acid

The role of uric acid in gout has been known since the 1850s, when the first
papers on levels of uric acid and gout were published (Garrod, 1854). More
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recently, it was discovered that uric acid also has a role in hypertension and
cardiovascular disease, as hyperuricemia is a common finding in these patients.

As discussed in the previous sections, evidence linking hyperuricemia to
cardiovascular disease is ample, and hyperuricemia may be considered an
independent cardiovascular risk factor. This implies a causative role between
uric acid and cardiovascular disease, but the mechanisms on how uric acid
accelerates atherosclerosis still need further unraveling.

Uric acid plays a dual role as both an antioxidant and prooxidant
(Krishnan, 2010). As antioxidant, uric acid scavenges peroxynitrite, which is a
toxic substance produced by the reaction of NO and superoxide (Squadrito
et al., 2000). In addition to its antioxidant scavenging properties, uric acid also
has the ability to oxidize and form radicals, acting as a prooxidant particularly
in endothelial cells. The role of uric acid in atherosclerosis is supported by the
association between serum uric and the presence of vulnerable atherosclerotic
plaques and the finding of uric acid in the atherosclerotic plaque (Li et al.,
2015; Patetsios et al., 2001). The presence of uric acid may induce micro-
vascular changes, such as proliferation of smooth muscle cells and the pro-
duction of inflammatory and oxidative factors, and promote prothrombotic
phenomena by increasing platelet adhesiveness (Battelli et al., 2014a).
Regarding cardiovascular mortality, the association between serum uric acid
levels and cardiovascular mortality has a U-shaped curve, and optimal levels
of uric acid are in the mid-range (Kuo et al., 2013). This U-shaped relation is
possibly also applicable to the balance between the pro- and antioxidant ef-
fects of uric acid; in different concentrations, the effects might be either more
pro- or antioxidant. Oxidized low-density lipoprotein (LDL), an important
factor in the pathogenesis of atherosclerosis, has an interesting role in this
balance. Uric acid can act both as an antioxidant and as a prooxidant,
depending on the oxidative state of LDL (Patterson et al., 2003).

5.2 Chronic Inflammation

Monocytes and synoviocytes release a range of cytokines in response to MSU
crystals in the joint: these include interleukin (IL) 1, IL-6, IL-8, and tumor
necrosis factor. Increased levels of these cytokines are found in gouty tissue
(Busso and So, 2010). The acute phase of a gout flare usually lasts for a couple
of days, but MSU crystals remain in the joints during the intercritical phase,
causing an ongoing low-grade inflammation (Pascual and Sivera, 2007). A
2015 study by Kienhorst et al. (2015) demonstrated that proinflammatory
cytokines were present in patients with intercritical gout, and this was asso-
ciated with the co-occurrence of DM.

The molecular mechanisms underlying the activation of the immune sys-
tem by MSU crystals have been further unraveled with the discovery of
inflammasomes: a component of the innate immune system that consists of
multimeric protein complexes. Several inflammasomes exist dependent of the
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stimulus to the immune system; canonical inflammasomes collectively activate
the caspase-1 cascade, which ultimately leads to the production and release of
IL-1 beta and IL-18. IL-1 beta is a critical cytokine in gout, which is also
demonstrated by the efficacy of IL-1 antagonists in treatment of acute gout
flares. The link between inflammation and cardiovascular disease has long
been established, and inflammasomes have been linked to a range of diseases,
including gout, DM, obesity, and atherosclerosis (Coll et al., 2015). The role of
IL-18 in atherosclerosis has been demonstrated by the presence of IL-18 in the
atherosclerotic plaque. Elevated lipid levels can be a stimulus for inflamma-
some activation, and there is evidence that intracellular cholesterol crystals can
activate certain types of inflammasomes. Another possibility is the direct
activation of inflammasomes by urate depositions in the vascular walls. In
conclusion, the activation of the inflammasome by cytokines in response to
MSU crystals provides us with a strong connection between gout and hyper-
uricemia and increased cardiovascular risk.

5.3 Xanthine Oxidase

Another important mechanism causing atherosclerosis is oxidative stress, an
imbalance between the production of reactive oxygen species and antioxi-
dants. Xanthine oxidoreductase (XOR) is the enzyme that is responsible for
uric acid metabolism, and generates oxidative stress that may induce endo-
thelial dysfunction, leading to atherosclerosis and ultimately clinically overt
cardiovascular disease (Battelli et al., 2014a; Battelli et al., 2014b). Treatment
with xanthine oxidase inhibitors might thus reduce cardiovascular risk not only
by lowering serum uric acid levels, but also by reducing oxidative stress and
improving endothelial function (Landmesser et al., 2007).

6. DIAGNOSTIC INTERVENTIONS

6.1 Estimation of Cardiovascular Risk in Gout Patients

The increased cardiovascular risk in gout patients implies that nearly all of
these patients are eligible for cardiovascular risk management. This includes
screening for cardiovascular risk factors in gout patients with no history of
cardiovascular disease. Although gout is not mentioned as an independent risk
factor for cardiovascular disease in current guidelines, it is plausible that
multiple cardiovascular risk factors are present in gout patients; thus patients
qualify for cardiovascular risk management including screening for hyper-
tension and dyslipidemia, according to local standards.

6.2 Diagnosis of Cardiovascular Disease

The presence and degree of severity of cardiovascular disease can be assessed
using many different diagnostic investigations. In research and also in clinical
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practice, surrogate markers of cardiovascular risk or cardiovascular disease are
frequently used. An example is the detection of subclinical atherosclerosis; gout
patients more often have subclinical atherosclerosis compared to patients with
asymptomatic hyperuricemia, reflected by an increased carotid intima-media
thickness and an increased presence of plaques (Li et al., 2015). Another inter-
esting marker is arterial stiffness, measured by carotid-femoral pulse wave ve-
locity (PWV) (Laurent et al., 2006). This surrogate endpoint relates with
cardiovascular endpoints: an increased PWV is an independent predictor of car-
diovascular disease in several populations (Willum-Hansen et al., 2006) and is
currently investigated in patients with gout (CT Identifier NCT02500641). Uric
acid has been associated with arterial stiffness in several studies (Hsu et al., 2013).

7. TREATMENT

7.1 Acute Gouty Arthritis

Acute gouty arthritis does resolve spontaneously within a few days to weeks,
but treatment with antiinflammatory drugs leads to more rapid resolution of
symptoms. First-line therapy consist of colchicine or nonsteroidal antiin-
flammatory drugs, and for patients who do not tolerate these, glucocorticos-
teroids can be used, either as oral prednisone or an intraarticular injection. In
patients with refractory gout attacks an IL-1 inhibitor, such as anakinra or
canakinumab is a treatment option.

7.2 Chronic (Tophaceous) Gout

In patients with severe established gout, including tophaceous gout, radio-
graphic changes of gout, or associated uric acid nephrolithiasis, urate-lowering
therapy is indicated, consisting of nonpharmacological urate-lowering lifestyle
advices such as dietary advices on one hand and pharmacological therapy on
the other (Zhang et al., 2006). Allopurinol is considered the first-line treat-
ment, although other urate-lowering treatments can be started in patients hy-
persensitive to allopurinol. The goal of urate-lowering therapy is to prevent
urate crystal formation, for which an SUA in the range of 300e360 mmol/L
needs to be achieved (Zhang et al., 2006).

7.3 Cardiovascular Effects of Urate-Lowering Therapy

Treatment of gout aims at lowering the uric acid level in the blood and pre-
venting further gout attacks. Since the level of uric acid is associated with the
risk of cardiovascular disease, it would be a logical consequence that proper
treatment of gout would also reduce the risk of cardiovascular disease. Up to
now, no randomized clinical trials investigating the effect of urate-lowering
therapy on cardiovascular endpoints have been published; however, observa-
tional cohort studies indicate a favorable effect of allopurinol on cardiovascular

Gout and Heart Disease: A Two-Way Street? Chapter j 18 453



disease risk. A Scottish cohort study using a record-linkage database assessed
the association between urate levels, dispensed allopurinol, and cardiovascular
hospitalization and mortality, and found no difference in cardiovascular disease
risk between users of allopurinol and nonusers. However, they did find dif-
ferences within the allopurinol use cohort: compared with low-dose (100 mg)
users, high-dose (�300 mg) users had a lower risk of both cardiovascular
events and mortality: with an adjusted HR of 0.69 (95% CI 0.50e0.94) and
0.75 (95% CI 0.59e0.94), respectively (Wei et al., 2011). Another cohort study
including a population of hyperuricemic veterans showed an association be-
tween allopurinol treatment and lower mortality risk, but did not report cause
specific mortality data (Luk et al., 2009). A recent population-based retro-
spective matched-cohort study from Taiwan studied the association with allo-
purinol use and cardiovascular outcomes in gout patients and reported a
negative effect of allopurinol on cardiovascular outcomes, but they did not
correct for conventional cardiovascular risk factors (Kok et al., 2014). In
contrast, a large Danish cohort study reported an HR of 0.89 (95% CI
0.81e0.97) for cardiovascular mortality among allopurinol treated compared
with nonusers of allopurinol (Larsen et al., 2015). A possible mechanism is the
inhibition of the oxidation of LDL cholesterol by allopurinol. Oxidized LDL
cholesterol is an important mediator of atherosclerosis, and small studies have
demonstrated a beneficial effect of allopurinol on endothelial function (Dawson
et al., 2007).

Treatment with urate-lowering therapy might also improve cardiovascular
outcomes through beneficial effects on cardiovascular risk factors. Clinical
trials with allopurinol and febuxostat have shown favorable effects on blood
pressure (Agarwal et al., 2013; Kim et al., 2014).

7.4 Treatment of Traditional Cardiovascular Risk Factors

As gout is associated with an increased cardiovascular risk, identifying and
treating traditional risk factors is crucial. To date, no studies have been carried
out to assess the effect of treatment of traditional cardiovascular risk factors in
patients with gout or hyperuricemia specifically. Regardless, it is well estab-
lished that treatment of hypertension, hypercholesterolemia, and DM leads to a
reduction in cardiovascular risk. As gout is considered to be both an inde-
pendent cardiovascular risk factor and a condition associated with the presence
of multiple cardiovascular risk factors, qualify for cardiovascular risk man-
agement including screening for and treatment of, for example, hypertension
and dyslipidemia, in line with local standards.

8. FUTURE PERSPECTIVES

The expanding knowledge regarding the pathophysiological link between gout
and cardiovascular disease provides us with the opportunity to develop
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preventive and treatment strategies. Observational data suggest a beneficial
effect of urate-lowering therapy on cardiovascular risk; however, it is not
possible to conclude whether the protective effect of allopurinol is the result of
uric acid lowering per se, or other biological activities of allopurinol, or if the
favorable effect is mediated by effects on cardiovascular risk factors such as
blood pressure. In order to address this question, a therapeutic trial should be
conducted using clinical cardiovascular outcomes. This will be challenging as
large patients numbers are needed as well as several years of follow-up.

9. CONCLUSION

Gout is the most common inflammatory rheumatic disease, with a rising
incidence. Traditional cardiovascular risk factors such as hypertension, DM,
and chronic kidney disease are more prevalent in patients with gout compared
to the general population. In addition, evidence on the association between
uric acid, gout, and an increased cardiovascular risk has emerged in the last
decades revealing that hyperuricemia and gout seem to be independent car-
diovascular risk factors. Although a causative role between uric acid and
cardiovascular disease has been implied, the mechanisms behind this are still
not completely clear. Uric acid has both antioxidant and prooxidant functions
and in different concentrations its vascular effects might be either more pro-
or antioxidant. XOR is the enzyme that is responsible for uric acid meta-
bolism and generates oxidative stress that may induce endothelial dysfunc-
tion, leading to atherosclerosis and ultimately clinically overt cardiovascular
disease. Another link between hyperuricemia and gout and cardiovascular
disease is provided by the inflammatory status. This link has long been
established in several other inflammatory diseases. In gout there is also an
ongoing low-grade inflammation between attacks. The activation of the
inflammasome by cytokines in response to MSU crystals provides a strong
connection between inflammation and the increased cardiovascular risk in
gout and hyperuricemia.

Treatment with urate-lowering therapy might improve cardiovascular
outcomes by both lowering the uric acid level, inhibition of xanthine oxidase
activity, and additional beneficial effects on cardiovascular risk factors such as
a reduction in blood pressure. Identifying and treating traditional risk factors in
gout patients is of great importance.
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Key Points

l Prevalence of cardiovascular disease (CVD) and mortality is increased in
osteoarthritis (OA) patients.

l Age, obesity, and metabolic syndrome are risk factors for OA and CVD.
l OA is now considered a low-grade inflammation disease.
l Inflammaging and metainflammation could be the cornerstone of OA

and CVD.
l An independent association between OA and CVD has been reported and

could be due to a direct effect of atheroma on joint tissues but needs to be
investigated.

l Chronic use of NSAIDs and disability strengthens the association and need
to be considered as aggravating factors by rheumatologists and
cardiologists.

1. INTRODUCTION

Osteoarthritis (OA) is the main musculoskeletal disease leading to articular
pain and stiffness. It is one of the leading causes of disability after 65 years
of age. Longtime set aside and associated with inevitable aging, OA is also
associated with obesity, female gender, joint injury, and trauma as well as
metabolic diseases such as type 2 diabetes. Furthermore, OA may be
associated with excess cardiovascular diseases (CVD) (Barbour et al., 2015;
Hall et al., 2015; Liu et al., 2015; Nüesch et al., 2011; Ong et al., 2013;
Veronese et al., 2016). Greater occurrence of CVD and CV mortality in OA
compared to the non-OA population of the same age and sex raises many
issues.

The Heart in Systemic Autoimmune Diseases. http://dx.doi.org/10.1016/B978-0-12-803997-7.00019-3

Copyright © 2017 Elsevier B.V. All rights reserved. 461

http://dx.doi.org/10.1016/B978-0-12-803997-7.00019-3


First, this association could be due to the common risk factors of OA and
CVD: age, obesity but also metabolic syndrome (MetS), a new OA risk factor
with a cumulative, and negative effect of each of its components on OA
occurrence and progression (Dahaghin et al., 2007; Tomi et al., 2016; Visser
et al., 2014; Yoshimura et al., 2012). Beyond this epidemiological association,
basic research has suggested that overweight or obesity and their metabolic
complications could have a direct systemic harmful effect on joint tissues
(Laiguillon et al., 2015; Lippiello et al., 1991; Triantaphyllidou et al., 2013).
Second, because an independent association between coronary, carotid, or
popliteal atherosclerosis and OA has been reported (Jonsson et al., 2011,
2009), another and more hypothetical hypothesis could be that once installed,
atheroma may directly affect OA by low-grade inflammation and/or defective
vascularization (Courties et al., 2015). Finally, the last hypothesis could be an
indirect artifactual association due to functional disability with OA and long-
term prescription of analgesics or nonsteroidal antiinflammatory drugs
(NSAIDs), which may themselves promote CVD (Coxib and traditional
NSAID Trialists’ (CNT) Collaboration et al., 2013; Hoeven et al., 2014).

In this chapter, we review the available literature on the association of
OA and CVD and the possible mechanisms (i.e., shared risk factors, direct
inflammatory influence, or indirect artifactual association).

2. PREREQUISITES: PATHOPHYSIOLOGY OF
OSTEOARTHRITIS

OA is a chronic joint disease leading to cartilage degradation that also involves
synovial inflammation and subchondral bone remodeling (Sellam and
Berenbaum, 2010; Loeser et al., 2012). Articular cartilage is composed of a
single cell type, the chondrocyte, which is responsible for both the production
and degradation of the extracellular matrix (ECM). ECM contains mostly type
II collagen, proteoglycans, and water, and plays an essential role in absorption
of mechanical stresses. Under physiologic conditions, the ECM features an
equilibrium between anabolism and catabolism. The cartilage is not inner-
vated, is avascular and, receives nutrients through the subchondral bone and
the synovial fluid, which participate in joint homeostasis.

In OA, an initial mechanical or biological stress disrupts this homeostasis in
the ECM, which generates the production of proinflammatory mediators such as
cytokines (interleukin [IL]-1b, IL-6, IL-17, tumor necrosis factor [TNF]-a);
lipid mediators (prostaglandin E2 (PGE2); and reactive oxygen species (ROS) by
chondrocytes, synoviocytes, and subchondral osteoblasts. Locally, these medi-
ators promote the production of matrix metalloproteases (MMPs) and aggre-
canases, responsible for cartilage degradation, which in turn amplify
proinflammatory cytokine release, thereby creating a vicious circle leading to
joint destruction. Furthermore, innate immunity is implicated in OA-related
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cytokine production via macrophage recruitment and activation in the synovium
(Bondeson et al., 2006; Kraus et al., 2016), toll-like receptor 2 (TLR-2), and
TLR-4 (Gómez et al., 2015) expressed by chondrocytes and synoviocytes, but
also complement activation (Wang et al., 2011). Moreover, beyond this local
joint inflammation, a systemic low-grade inflammation occurs in OA and can
be assessed by blood biomarker measurements (Punzi et al., 2005).

3. EPIDEMIOLOGIC DATA: OSTEOARTHRITIS AND
CARDIOVASCULAR DISEASES, TWO ENDEMIC DISEASES

OA is the most frequent disease and affects principally the knee, hip, hand, and
lumbar spine. According to the World Health Organization, symptomatic OA
affects 10% of men and 18% of women worldwide (Woolf and Pfleger, 2003).
Radiographic OA is much more common than symptomatic OA. In a
population-based study such as the Framingham OA study, over 70% of
subjects had radiographic hand OA (Haugen et al., 2011) and about 35e45%
older than 70 years had knee OA (Felson et al., 1987). Because of the aging of
the population and the increasing prevalence of obesity, OA prevalence is
expected to increase and could become the leading cause of disability in 2020.

Along this line, CVD represents the first worldwide cause of mortality,
responsible for 17.5 million deaths every year (including ischemic cardiac
disease, stroke, arteritis, and heart failure)d31% of the mortality causes
(McAloon et al., 2016).

The CVD-induced mortality is significantly increased in the OA population
(Nüesch et al., 2011; Liu et al., 2015). The two intuitive explanations are
walking disability and NSAID intake. However, other mechanisms may occur
because metabolic disturbances and OA both exhibit low-grade inflammation
and are closely linked to CVD.

4. ASSOCIATION BETWEEN OSTEOARTHRITIS AND
CARDIOVASCULAR DISEASES: SHARED RISK FACTORS

The first assumption of the high frequency of CVD in the OA population is
that the two diseases share several risk factors.

4.1 Nonmodifiable Risk Factors

4.1.1 Age and “Inflammaging”

Age is certainly the nonmodifiable risk factor with the greatest effect on CV
events and OA occurrence. In the Framingham population-based cohort, the
prevalence of radiographic hand OA was <10% before 40 years and >70%
after 70 years (Haugen et al., 2011). Similarly, the risk of CVD increases
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linearly with age (Driver et al., 2008). Similar mechanisms related to aging
occur during OA and atherosclerosis. OA chondrocytes such as endothelial
atherosclerosis cells showed both markers of cellular senescence such as
shortened telomerase and increased beta-galactosidase expression but also a
senescence-associated secretory phenotype, which is responsible for the
release of cytokines and MMPs (Forsyth et al., 2005; Gorenne et al., 2006;
Greene and Loeser, 2015). Furthermore, tissue aging is associated with
increased posttranslational modifications of protein such as glycation and
oxidation leading to the overproduction of ROS and advanced glycation end
products (AGEs) both in the endothelium and cartilage. ROS and AGEs
promote an inflammatory process and modulate mechanical tissue properties
(Brüel and Oxlund, 1996; Verzijl et al., 2000; Rodrı́guez-Mañas et al., 2009).
All these inflammatory processes in aging tissues are responsible for
“inflammaging,” defined as the inflammatory state established during physi-
ological aging. For example, the blood level of IL-6 increases with age in
healthy subjects (Wei et al., 1992; Hager et al., 1994) and is a predictor of
hospitalization or mortality in older patients (Adriaensen et al., 2015). This
inflammatory state, which is due to cellular senescence and a concomitant
reduction in the naive cell pool, is recognized as a pathogenic factor in the
development of several age-related diseases including Alzheimer disease and
CVD and possibly OA.

4.1.2 Genetic Factors

Genetic factors are associated with OA and CVD. From studies of twins, the
contribution of genetics has been estimated at between 39% and 65% in OA,
especially hand OA (Spector et al., 1996). As well, a family history of CVD
events increases the risk of CVD to 45% for a single patient, independent of
all other risk factors (Yusuf et al., 2004). Genetic factors for CVD are partly
due to the genetic susceptibility of CV risk factors. Indeed, studies of twins
and siblings showed that genetic factors are involved in fat mass repartition,
hypertension, or type 2 diabetes (Medici et al., 1999; Rankinen et al., 2015;
Karaderi et al., 2015).

Genetic risk of polygenic diseases such as CVD and OA is related to
genetic polymorphisms. Several single nucleotide polymorphisms (SNPs)
found associated with CVD include those located in apolipoprotein E
(Chaudhary et al., 2012) and NO synthase (Carreras-Torres et al., 2014) and
proinflammatory cytokines (IL-6 promoter gene or TNF) (Hernández-Dı́az
et al., 2015; Wang et al., 2015). As well, the same SNP of the IL-6 promoter
gene (IL-6 -174G/C, rs1800795) was associated with increased risk of knee
OA (Honsawek et al., 2011), but this association was not confirmed in two
meta-analysis (Valdes et al., 2010; Ai et al., 2014). Some other SNPs asso-
ciated with OA include vascular endothelial growth factor, collagen 11A1,
and growth differentiation factor 5 (Pan et al., 2014; Rodriguez-Fontenla
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et al., 2014). However, to date, no robust genetic factor is common to both
OA and CVD.

4.1.3 Gender

Gender differences seem to affect OA and CVD prevalence because OA is
more prevalent in women than men, especially after menopause (Srikanth
et al., 2005). However, the role of hormones still remains unclear in OA
because it is closely associated with aging (de Klerk et al., 2009). Similarly,
after menopause, the risk of atherosclerosis strongly increases in women
(Witteman et al., 1989), possibly because of visceral adiposity (Nedungadi and
Clegg, 2009), which is also involved in obesity-related OA pathophysiology.

4.2 Modifiable Risk Factors

4.2.1 Obesity and “Metainflammation”

Obesity and overweight are among the most important modifiable risk factors
of OA and CVD. For many years, obesity and overweight were considered
associated with only lower-limb OA and solely attributed to excessive me-
chanical stress. This theory was broadly confirmed with basic research because
mechanoreceptors are expressed by chondrocytes and osteoblasts. Further-
more, ex vivo studies demonstrated that mechanical stress is transduced
through these specific receptors into a biological proinflammatory and pro-
degradative signal (Millward-Sadler and Salter, 2004; Gosset et al., 2006;
McGlashan et al., 2008; Sanchez et al., 2009).

However, obesity also affects hand OA, which cannot be explained by
mechanical stress. This paradigm has been debated because epidemiological
studies have found risk of hand OA increased by two-fold in obese or over-
weight patients (Yusuf et al., 2010). To explain the association, the systemic
harmful role of excess fat mass on joint tissues has been raised. Interestingly,
this systemic effect of fat tissue (especially visceral adiposity) also has an
impact on endothelium in CVD.

The first demonstration that inflammation occurs in obese tissues came
from the Hotamisligil et al. studies of humans (Hotamisligil et al., 1995) and
mice (Hotamisligil et al., 1993). In both models, adipose tissue was a major
source of TNF-a in obese rather than nonobese people, for a concept of
metainflammation. Moreover, local TNF-a level was associated with meta-
bolic features such as blood glucose and insulin resistance. It is now appre-
ciated that not only the levels of TNF-a but also a range of cytokines such as
IL-6 or IL-1b are increased in adipose tissue from obese patients (Park et al.,
2005). The increased levels are responsible for obesity-related complications
such as type 2 diabetes but also CVD. This association with atherosclerosis
could be largely explained by the implication of these cytokines in plaque
development and disruption. Indeed, in atherogenic mice with deficient
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apoliprotein E (apoE-/-), the inhibition of TNF-a and IL-1b significantly
reduced the size of the plaque via a decrease in adhesion molecular molecule
levels (e.g., vascular cell adhesion molecule 1, monocyte chemoattractant
protein-1) (Elhage et al., 1998; Merhi-Soussi et al., 2005; Ohta et al., 2005).
The IL-6 level in this model seems to enhance the fatty lesions (Huber et al.,
1999), but its role seems more ambivalent because older IL-6edeficient
apoE-/-mice showed increased plaque formation (Schieffer et al., 2004).

Features of the inflammatory state of obesity beyond cytokines are
increased local production of adipokines and free fatty acids (FFAs) by adi-
pose tissue, associated with infiltration of immune cells. Among all the adi-
pokines, leptin, visfatin, and adiponectin are the most studied. They also
directly affect atherosclerotic plaque formation (Scotece et al., 2012).

Leptin was the first adipokine discovered, in 1994. It is a 16-kDa non-
glycosylated hormone mainly produced by white adipose tissue and its serum
rate is correlated with the amount of fat (Zhang et al., 1994). Its concentration
is also associated with myocardial infarction and stroke history independent of
other risk factors (Sierra-Johnson et al., 2007). Leptin is able to induce hy-
pertrophy of vascular smooth muscle (Zeidan et al., 2005), enhance the pro-
duction of MMPs (Park et al., 2001) and cytokines by endothelial cells, and
stimulate the secretion of proatherogenic factors such as lipoprotein lipase
(Maingrette and Renier, 2003) or caveolin-1 (Singh et al., 2011). In vivo,
leptin-deficient (ob/ob) obese mice are protected against atherosclerosis, so
leptin is an important factor of the noxious effect of fat mass (Taleb et al.,
2007; Chiba et al., 2008).

Visfatin expression was first found in visceral fat and is associated with fat
mass, metabolic disease, and CV events in patients (Chang et al., 2011).
Visfatin is also known as nicotinamide phosphoribosyltransferase or pre-B cell
colony-enhancing factor. It seems to play an important role in atherogenesis
because it is expressed especially by perivascular adipose tissue and macro-
phages of carotid and coronary atherosclerotic plaque (Dahl et al., 2007).
Visfatin is also able to activate endothelial cells and angiogenesis (Adya et al.,
2009; Kim et al., 2012) and promotes plaque destabilization. In vivo, the
overexpression of visfatin in apoE�/- mice promoted lipid accumulation in
macrophages, MMP production, and decreased collagen level (Li et al., 2016)
and overall increased plaque vulnerability.

Unlike most adipose-derived hormones, adiponectin has a protective
antiinflammatory role in the CV system. Serum adiponectin level is decreased
in obese patients (Arita et al., 1999; Matsubara et al., 2002) and its level has a
strong inverse relationship with fat mass (Kern et al., 2003). It appears to be a
protective adipokine in obesity and related complications such as type 2 dia-
betes and CVD (Kadowaki et al., 2006). Adiponectin enhances insulin
sensitivity (Yamauchi et al., 2001) and has a direct action in the vascular
system: inhibition of adhesion molecules such as vascular cell adhesion
molecule 1, intercellular adhesion molecule 1, and E-selectin (Ouchi et al.,
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1999); antiinflammatory properties on endothelial cells suppressing macro-
phage activation; and limiting plaque rupture via tissue inhibitor of metal-
loproteinase 1 production (Kumada et al., 2004). In vivo, adiponectin
deficiency induces a vascular loss of response to vasodilatory signals and a
higher production of ROS in vessels (Cao et al., 2009), whereas adding adi-
ponectin to apoE�/- mice blocked oxidative stress and reduced atherosclerotic
lesions (Cai et al., 2015).

Some of these cytokines and adipokines are also involved in OA
pathophysiology and could explain the systemic association of obesity and
hand OA.

The expression of cytokines is increased in joint tissue during OA as their
spontaneous production in vitro by OA chondrocytes, osteoblasts, or syno-
viocytes (Tsuchida et al., 2012, 2014). In vitro, IL-1b and TNF-a themselves
induce other proinflammatory cytokines, chemokines, or bioactive lipids (IL-6
and IL-8, PGE2) and MMP chondrocyte production (Henrotin et al., 1996;
Kunisch et al., 2014) but they also decrease collagen levels (Lefebvre et al.,
1990), modulate mitochondrial function (López-Armada et al., 2006), and
increase chondrocyte apoptosis (Fischer et al., 2000). During OA, TNF
receptor-1 (or p55-TNF receptor) and IL-1 receptor expression is increased in
chondrocytes, which leads to greater susceptibility of their catabolic effects
(Martel-Pelletier et al., 1992; Webb et al., 1997). Another major source of
cytokines in knee OA is the infrapatellar fat pad, a local source of IL-6, IL-8,
and TNF-a that can induce synovial proinflammatory activation (Clockaerts
et al., 2012; Eymard et al., 2014). However, although a murine model of OA
treated with TNF-a blockers was encouraging (Ma et al., 2015), phase 3
clinical trials reported no effects on hand OA (Verbruggen et al., 2012;
Chevalier et al., 2015). IL-6 involvement is more ambivalent because the re-
sults may depend on the model studied. In normal human chondrocytes, IL-6
increases GAG production, whereas under OA conditions, chondrocytes do not
respond to IL-6 and lose this ability of GAG production (Tsuchida et al.,
2012). Conversely, in other studies, IL-6 induced MMP-1 and MMP-13
expression by normal human chondrocytes (Aida et al., 2012). Despite a
global procatabolic effect on cartilage, this cytokine needs further studies
because, surprisingly, IL-6eknockout mice show more severe OA than do
wild-type mice (de Hooge et al., 2005).

Adipokine involvement in OAwas recently observed and may also explain
the systemic effect of obesity on joint tissue. Leptin is increased in OA
cartilage as compared to non-OA cartilage (Dumond et al., 2003) and its level
in synovial fluid or expression in cartilage is associated with OA severity (Ku
et al., 2009; Simopoulou et al., 2007a). In vitro, leptin synergizes with IL-1b
and enhances IL-6, PGE2, MMP-9, and MMP-13 production, thereby leading
to a low-grade inflammatory state and cartilage proteolysis (Simopoulou et al.,
2007b; Vuolteenaho et al., 2009; Koskinen et al., 2011). During OA, visfatin
serum rate is increased as compared to controls (Chen et al., 2010). In vitro, it
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inhibits the anabolic action of insulin growth-factor 1 and promotes proin-
flammatory cytokine release by chondrocytes and osteoblasts (Laiguillon
et al., 2014; Yammani and Loeser, 2012). Finally, it showed catabolic activity
in mechanical induction of OA in mice (Yang et al., 2015). Despite a sys-
temic antiinflammatory role, adiponectin function seems more complex in
OA. In vitro, adiponectin induces proinflammatory activation of chon-
drocytes and synoviocytes (Frommer et al., 2012; Lago et al., 2008) but also
has anticatabolic properties (Chen et al., 2006). Furthermore, studies of the
association of OA and serum adiponectin level seem contradictory: some
have described a higher adiponectin level associated with slower OA pro-
gression (Yusuf et al., 2011) and others found a higher level associated with
erosive hand OA (Filková et al., 2009). Potential explanations for this
discrepancy include different isoforms of adiponectin (globular, full length)
(Francin et al., 2014) and different receptors of adiponectin having diverse
biological effects (Tong et al., 2011; Zuo et al., 2011).

However, despite all these studies, we cannot conclude that systemic
inflammation related to obesity is directly implicated in the pathophysiology
of OA. Likewise, these diseases may not affect each other simply because the
same mediators are involved in both. Evidence of the systemic association of
OA and obesity come from more recent in vivo studies exploring obesity-
related inflammation and OA. First, Griffin et al. demonstrated that leptin-
deficient mice (ob/ob) did not show OA, despite their major obesity, which
illustrates that mechanical factors are not enough to promote OA (Griffin et al.,
2009). The authors also showed that knee OA, spontaneously developed in
high-fat diet-induced obese mice, was correlated with the levels of leptin and
adiponectin independent of fat mass and weight gain (Griffin et al., 2010). In
the same murine model, the wheel running exercise, which increases me-
chanical stress without reducing body fat, did not worsen OA but disrupted
cytokine production and reduced OA progression (Griffin et al., 2012).

4.2.2 Metabolic Syndrome

MetS is an accumulation of metabolic disorders [abdominal obesity, increased
blood pressure, impaired glucose tolerance, and lipid abnormalities such as high
triglycerides level and low high-density lipoprotein cholesterol (HDL-C) level]
associated with increased risk of stroke, type 2 diabetes mellitus, and CVD
(Grundyet al., 2004;Alberti et al., 2005, 2009;Hari et al., 2012;Hajat andShather,
2012). An association of MetS, beyond obesity, and OA has been reported
numerous times, even after adjustment on age,which itself is a strong risk factor of
MetS (Dahaghin et al., 2007; PuenpatomandVictor, 2009;Yoshimura et al., 2012;
Visser et al., 2014; Tomi et al., 2016). Discovery of the association between OA
and MetS, beyond the link with obesity, has delineated a wide and frequent sub-
type of OA called metabolic OA (Bijlsma et al., 2011).

MetS is frequent in the OA population. In the NHANES cohort, MetS was
present in 59% of OA patients as compared to 23% of non-OA patients of the
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same age (Puenpatom and Victor, 2009). Besides its high prevalence, MetS
independently increased the risk of knee (Yoshimura et al., 2012; Monira
Hussain et al., 2014), hip, hand (Dahaghin et al., 2007; Visser et al., 2014), and
lumbar spine OA (Gandhi et al., 2014). Indeed, unhealthy metabolic obesity
was suggested to confer increased risk of OA as compared with healthy
metabolic obesity (Sowers et al., 2009; Ahima and Lazar, 2013). Since the
definition of MetS lacks consensus, some studies have investigated the cu-
mulative effect of components of MetS on OA. The most illustrative finding
comes from the Japanese ROAD study finding that risk of occurrence and
progression of knee OA increased with number of metabolic components
(Yoshimura et al., 2012). A similar observation was from the Rotterdam cohort
for hand OA (Dahaghin et al., 2007).

Besides the cumulative harmful effect of MetS, some MetS components are
independently associated with OA. The most relevant evidence is probably for
type 2 diabetes or hyperglycemia (Berenbaum, 2011; Yoshimura et al., 2012);
a recent meta-analysis reported increased OA in patients with diabetes mellitus
as compared to nondiabetic patients (Louati et al., 2015). Type 2 diabetes
seems to promote OA progression as well as OA severity: diabetic patients
have a two-fold greater indication for hip and knee arthroplasty and a higher
rate of joint space narrowing by year than nondiabetics whatever the patient’s
age or body mass index (BMI) (Eymard et al., 2015; Schett et al., 2013). As
well, hand OA has been found associated with type 2 diabetes (Dahaghin et al.,
2007; Magnusson et al., 2015). These epidemiological findings are supported
by recent basic research insights. In the setting of diabetes mellitus, high
glucose concentration, insulin resistance, or AGEs was found to have noxious
effects on joint cells, as for endothelium.

Type 2 diabetic OA cartilage explants are more responsive to IL-1b in-
flammatory stress, probably because of excess oxidative stress induced by a high
glucose environment (Laiguillon et al., 2015). Type 2 synoviocytes from dia-
betic patients are insulin resistant. In an inflammatory condition, insulin has an
anabolic function on joints, which supports that insulin resistance may promote
the catabolic process (Hamada et al., 2015). Finally, diabetes could have a
noxious role through AGEs because their production is also highly related to
glycemia (Day et al., 1980). These AGEs are involved in diabetes onset and
complications (Hirata and Kubo, 2004) and accumulate in diabetic OA joints,
especially subchondral bone (Oren et al., 2011). In OA, in vitro studies
demonstrated that via the receptor of AGE, AGEs may activate NF-kB and p38
mitogen-activated protein kinase signaling pathways leading to the production
of proinflammatory cytokines, proteolytic enzymes, and ROS by chondrocytes
and synoviocytes (Nah et al., 2008; Franke et al., 2009; Rasheed et al., 2011;
Rasheed and Haqqi, 2012). AGEs also induce chondrocyte apoptosis and
cartilage matrix vulnerability (Verzijl et al., 2002; Yamabe et al., 2013).

Prevalence of hypertension in OA population is also high, but studies
showing an independent association after adjustment for confounding factors
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such as age or BMI are scarce (Sowers et al., 2009; Shin, 2014). Two recent
studies demonstrated an independent but weak association regardless of BMI
(Yoshimura et al., 2012; Monira Hussain et al., 2014). Likewise, hypertension
is considered an aggravating factor for OA in people with obesity or other
metabolic disturbances (Dahaghin et al., 2007). We have no experimental
evidence of a direct pathological link between hypertension and OA. Hyper-
tension could modify the vascularization of subchondral bone and lead to local
ischemia via atherosclerosis (Conaghan et al., 2005).

Metabolic dyslipidemia, associated with obesity and CV complications, is
characterized by elevated triglycerides level, reduced HDL-C level, plus
increased level of low-density lipoprotein cholesterol (LDL-C) and circulating
FFAs (Klop et al., 2013). Furthermore, LDL particles are oxidized in oxidized
LDL (oxLDL), which promotes their uptake by tissue macrophages via their
scavenger receptors. These macrophages become foam cells that participate in
atherosclerotic lesions.

Several studies have suggested the involvement of lipid metabolism in OA:
high cholesterol is associated with generalized OA (Stürmer et al., 1998;
Addimanda et al., 2012) and hypertriglyceridemia or hypercholesterolemia are
associated with bone marrow lesions of subchondral bone of the knee in
asymptomatic women (Davies-Tuck et al., 2009). In addition, several studies
support dysfunctional lipid metabolism in OA such as abnormalities in the
cellular transport of cholesterol in OA chondrocytes as well as intracellular fat
accumulation and especially arachidonic acid (Lippiello et al., 1991; Tsezou
et al., 2010). Mice with decreased functional HDL-C particles by genetic
modification show cartilage lesions but not weight gain (Triantaphyllidou
et al., 2013). OxLDL is found in the synovial fluid of OA patients, and its
expression as well as that of its receptors [lectin-like oxLDL receptor 1 (LOX-
1)] is increased in OA cartilage as compared to healthy cartilage (Akagi et al.,
2007; Simopoulou et al., 2007b). In vitro, the oxLDL/LOX-1 system induces
vascular endothelial growth factor and MMPs, decreases the synthesis of
proteoglycans and alters chondrocyte viability (Kakinuma et al., 2004). Be-
sides apolipoprotein excess, FFA excess in obese people can also have a
detrimental role in OA. In vitro, palmitate, a saturated FFA, induces proin-
flammatory activation of chondrocytes and synoviocytes via TLR-4 as well as
apoptosis of chondrocytes (Alvarez-Garcia et al., 2014). Moreover, FFAs are
known to activate macrophages present in the OA inflammatory synovium and
involved in cartilage degradation (Nguyen et al., 2007).

4.2.3 Smoking

Smoking is another modifiable risk factor of CVD with a powerful noxious
role on endothelial cells and a high proatherogenic effect. OA is inversely
related to smoking, but in meta-analyses, only case-control findings reached
significance and cohort findings were negative (Hui et al., 2011). Smoking
may be associated with less radiographic OA but is associated with high
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painful OA (Felson and Zhang, 2015). Likewise, smoking is not usually
considered a link between OA and CVD.

This indirect association between OA and CVD through MetS and its
components could be sufficient, but beyond the association with CV risk
factors, OA could be directly and independently associated with atheroscle-
rosis lesions and CVD.

5. ASSOCIATION BETWEEN OSTEOARTHRITIS AND
CARDIOVASCULAR DISEASES: DIRECT LINK BEYOND CV
RISK FACTORS

Numerous reports, but not all, have been published in the last decade on an
independent association between atherosclerotic lesions and OA. Popliteal
wall thickness is increased in patients with generalized OA, including knee
OA, independent of BMI (Kornaat et al., 2009). As well, carotid and coronary
plaques are associated with hand OA and its progression independent of usual
CV risk factors. This association is reinforced when hand OA occurs with
other localizations (knee or hip) (Jonsson et al., 2009, 2011; Hoeven et al.,
2013). Beyond anatomical lesions of atherosclerosis, CV events and CV
mortality are more frequent in people with than without OA. In a large
population-based study, the age- and sex-standardized overall mortality was
increased by 55% in people with lower-limb OA (Nüesch et al., 2011). As
well, hip OA increased CV mortality in women, which was only partially
explained by disability (Barbour et al., 2015). Because hand OA is not
disturbed by physical activity, studies of this OA localization are useful and
have shown an association with cardiac events (Courties et al., 2014; Haugen
et al., 2015) and mortality (Haara et al., 2003). A meta-analysis of 15 studies
reported that the pooled overall prevalence of CVD in OA people was 38.4%,
with almost a three-fold higher rate of heart failure [relative risk (RR) 2.80
(95% confidence interval 2.25e3.49)] and two-fold higher rate of ischemic
heart disease [RR 1.78 (1.18e2.69)] compared to matched non-OA controls
(Hall et al., 2015).

Because atherosclerosis has been found independently associated with OA,
atherosclerotic plaque may affect OA occurrence and progression through its
own production of inflammatory mediators (cytokines, ROS, or AGEs) and/or
through the defect of subchondral bone vascularization. However, the effect of
atherosclerosis on OA needs further investigation, as does the mutual aggra-
vating role of CVD on OA and vice versa.

6. ASSOCIATION BETWEEN OSTEOARTHRITIS AND
CARDIOVASCULAR DISEASES: AN EPIPHENOMENON?

The association between OA and CVD could be an artifact. First, the disability
caused by OA itself could be responsible for inactivity, which is a CV risk
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factor. Such an association suggests that the problem is not OA but inactivity
itself. Some authors reported an exclusive association between OA and CVD
due to disability (Hoeven et al., 2014) and others found that disability was not
the sole link between the two diseases (Rahman et al., 2013; Haugen et al.,
2015). Although functional disability is an important factor to consider in the
analysis of the link between OA and CVD, the association between hand OA
and CVD supports the hypothesis that disability does not explain everything.

The other indirect link is the chronic intake of analgesics, including
acetaminophen and NSAIDs, due to OA pain. Some NSAIDs (including
coxib), which are especially prescribed for inflammatory OA flares, increase
CVD events, especially with long-term use (Coxib and traditional NSAID
Trialists’ (CNT) Collaboration et al., 2013). Because of their selectivity,
coxibs inhibit cyclo-oxygenase-2 (COX-2) more than COX-1, which leads to
an imbalance in COX-1/COX-2 ratio (Kato et al., 2001) and a more potent
inhibition of prostacyclin (normally promoted by COX-2) than thromboxane
(promoted by COX-1), which could have a prothrombotic effect. The second
mechanism is the potential increased blood pressure due to COX-2 renal long-
term inhibition.

Furthermore, recent observational studies raised the question of CV risk
with acetaminophen intake. Acetaminophen could have some antiin-
flammatory effects by inhibiting COX-2 (Hinz et al., 2008) and especially
with frequent and repeated consumption could be associated with increased
CV events (Chan et al., 2006; Roberts et al., 2015) potentially through
increased blood pressure (Sudano et al., 2010). Consequently, bias of the
prescription of NSAIDs and acetaminophen needs to be considered in the
observational studies.

7. NEW PERSPECTIVES: THE ROLE OF MICROBIOTA

Aging and metabolic diseases represent two important conditions associated
with excess risk of OA and CVD and are both associated with a systemic low-
grade inflammation, inflammaging, and metainflammation, as discussed pre-
viously. In this context of both sources of low-grade inflammation states, the
role of microbiota is particularly suspected and currently investigated. To date,
abnormal microbiota has been well described in obesity (Cox et al., 2015;
Hersoug et al., 2016), metabolic disturbances (Qin et al., 2012), and CVD
(Tang and Hazen, 2014) as well as during aging (Claesson et al., 2012) with
few studies of OA (Collins et al., 2015; Metcalfe et al., 2012). A study of an
obese rat model of OA showed that together, the presence of Lactobacillus
species (spp.) andMethanobrevibacter spp. associated with OA occurrence but
could be related to obesity rather than OA (Collins et al., 2015). Finally, a new
theory is that lipopolysaccharide could interact with TLR-4 or directly activate
complement and thus enhance inflammation, which could promote OA as well
as CVD (Huang and Kraus, 2016).
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8. CONCLUSIONS

The association between OA and CVD is frequent and probably multifactorial.
They both share an association with aging, obesity, and MetS, so the common
background of systemic and low-grade inflammation related to aging and
metabolic diseases could explain part of the association. OA and CVD may be
associated regardless of these factors, which needs further investigation andmight
be due to a direct effect of atheroma on joint tissues. However, despite a probable
true independent association, disability and NSAID intake represent aggravating
factors, especially in OA patients with other CV risk factors (Fig. 19.1). Although
we cannot conclude that OA is a CVD risk factor because we need to know how
OA affects CVD outcomes, the association between OA and CVD needs to be
considered in clinical practice by rheumatologists as well as cardiologists.

FIGURE 19.1 Interrelationship between osteoarthritis (OA) and cardiovascular disease

(CVD). 1. OA and CVD share common risk factors that may explain their association by a direct

effect but also via low-grade inflammation related to aging and metabolic disease. 2. An inde-

pendent association between OA, atheroma, and CVD may be due to a direct effect of atheroma on

joint tissues via inflammation or defective vascularization. 3. An indirect effect in this association

must be considered, especially the effect of disability and intake of nonsteroidal antiinflammatory

drugs (NSAIDs).
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Chapter 20

Cardiac Effects of
Antirheumatic Drugs

Z. Szekanecz
Department of Rheumatology, Faculty of Medicine, University of Debrecen, Debrecen, Hungary

Key Points

l Increased cardio- and cerebrovascular morbidity and mortality have been
associated with inflammatory rheumatic diseases.

l Systemic inflammation, as well as traditional risk factors account for
accelerated atherosclerosis.

l There may be differences among nonsteroidal antiinflammatory drugs in
causing cardiovascular complications.

l Corticosteroids may have both beneficial and detrimental effects on the
vascular system.

l Traditional and biologic disease-modifying antirheumatic drugs may sup-
press systemic inflammation and thus they may have beneficial effects on
atherosclerosis.

l Heart failure, arrhythmias, and hypertension should also be considered.

1. INTRODUCTION

Accelerated atherosclerosis, various other types of vasculopathies, and
increased cardiovascular (CV) risk have become major factors of mortality in
inflammatory rheumatic diseases. Such diseases include rheumatoid arthritis
(RA), spondyloarthropathies (SpA) including ankylosing spondylitis (AS) and
psoriatic arthritis (PsA), systemic lupus erythematosus (SLE), anti-
phospholipid syndrome (APS), systemic sclerosis (SSc, scleroderma), sys-
temic vasculitides, and possibly other chronic conditions (Szekanecz et al.,
2007; Shoenfeld et al., 2005; Kaplan, 2009). Both classical CV risk factors, as
well as systemic inflammation have been implicated in atherosclerosis asso-
ciated with these rheumatic diseases (Shoenfeld et al., 2005; Szekanecz et al.,
2007; Giles et al., 2006; Kaplan, 2009; Choy et al., 2014).
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As sustained autoimmunity and inflammatory disease activity may be the
predominant risk factors for vascular diseases underlying rheumatic condi-
tions, after risk assessment, optimal prevention and management are needed in
order to minimize CV risk. First, vasculoprotective agents including aspirin,
statins, angiotensin-converting enzyme (ACE) inhibitors, folate, or vitamin
B12 could be introduced to rheumatic patients at a higher vascular risk (Bruce,
2005a; Maki-Petaja et al., 2007). Yet, the effective control of the underlying
rheumatic disease may be even more important. Nonsteroidal antiin-
flammatory drugs (NSAIDs), corticosteroids, traditional disease-modifying
antirheumatic drugs (DMARDs), and targeted therapies may attenuate sys-
temic inflammation and they may also have effects on the vasculature
(Table 20.1) (Atzeni et al., 2010; Turiel et al., 2010; Suissa et al., 2006;
van Halm et al., 2006; Szekanecz et al., 2009; Gasparyan et al., 2012;
Ketelhuth and Hansson, 2015).

For a long time, there have been no official recommendations for the
prevention and treatment of vascular disease in autoimmune rheumatic
diseases. After some preliminary recommendations in RA and SLE (Bruce,
2005a; Giles et al., 2006; Klareskog and Hamsten, 2004; Van Doornum
et al., 2006; Atzeni et al., 2010), in 2009, the European League Against
Rheumatism (EULAR) has set up a task force that has prepared 10
recommendations for CV risk management in arthritis including RA and
SpA. Apart from other recommendations, the EULAR task force suggests
that adequate control of disease activity is necessary to lower the CV
disease (CVD) risk. These recommendations have recently been updated
(Nurmohamed, 2015).

In this chapter, we summarize recent, sometimes controversial data on the
CV and metabolic effects of antiinflammatory agents, traditional DMARDs,
and targeted therapies. Most data have become available when these treat-
ments were administered to rheumatic patients. However, a few larger trials
have also been initiated in solely CV patients. We will also discuss other heart
diseases, such as hypertension, arrhythmias, and congestive heart failure.
Finally, we will briefly present the original and updated EULAR CV recom-
mendations, as well as other national recommendations.

2. ATHEROSCLEROSIS AND METABOLIC SYNDROME

2.1 Nonsteroidal Antiinflammatory Drugs

After the withdrawal of rofecoxib from the market due to increased incidence
of CVD, a lot of attention has been paid to both traditional NSAIDs and coxibs
(Atzeni et al., 2010). Earlier reports suggested that not only coxibs, but
nonselective NSAIDs might also increase CV risk (Liu et al., 2010; Kearney
et al., 2006; McGettigan and Henry, 2006; Nurmohamed et al., 2002; Atzeni
et al., 2010). In the meta-analysis of Kearney et al. (2006) coxibs were
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TABLE 20.1 Cardiovascular Effects of Antirheumatic Drugs (Gasparyan

et al., 2012; Ketelhuth and Hansson, 2015)

Drug Preclinical Clinical

NSAIDs [ Increased CV risk
[ Hypertension
[ Heart failure
[ Arrhythmias

Corticosteroids [ CV risk
[ Hypertension
[ Hyperglycemia. Diabetes
[ Heart failure
[ Arrhythmias

Antimalarials Y CV risk
[ Conduction disorders

Sulfasalazine [ Thrombocytopenia

Methotrexate Y Atherosclerosis
in rabbits

Y CV risk
[ Hypotension
[ Pericarditis

Leflunomide [ Hypertension

Cyclosporin A [ Hypertension

TNFa blockers Y Atherosclerosis
in mice, rabbits

Y CV risk
Y Insulin resistance
Y Platelet activation
Y Endothelial cell adhesion
molecules
[ Heart failure (NYHA III-IV)
[ Dyslipidaemia
[ Hypertension
[ Infusion-related
(if intravenous)

Rituximab Y Atherosclerosis
in mice

[ Infusion-related

Tocilizumab [ Dyslipidemia
[ Infusion-related

Abatacept Y Atherosclerosis
in mice
Y Blood pressure
in mice

[ Hypertension
[ Infusion-related

Canakinumab Y Atherosclerosis
in mice

[ Endothelial function
Y Proatherogenic biomarkers

Tofacitinib [ Dyslipidaemia
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associated with a 42% relative increase in the incidence of serious vascular
events in comparison to placebo. The overall incidence of serious CV com-
plications was comparable between any coxib and any traditional NSAID.
Among traditional NSAIDs, high doses of ibuprofen and diclofenac but not
those of naproxen were associated with a moderate increase in the risk of
vascular events. In the systematic review of McGettigan and Henry (2006) 17
case-control and six cohort studies were included. Here a dose-related,
increased risk was associated with rofecoxib (RR of 1.33 and 2.19 at
doses �25 mg/day and >25 mg/day, respectively). Among nonselective
NSAIDs, diclofenac had the highest risk of 1.4, while naproxen, piroxicam,
and ibuprofen had relative risks close to 1.0. Suissa et al. (2006) conducted a
nested case-control analysis on more than 100,000 subjects. The use of
nonselective NSAIDs or COX-2 inhibitors was not associated with increased
myocardial infarction (MI) rates (RR 1.05 and 1.11, respectively). However,
rofecoxib itself, but not celecoxib and naproxen, exerted an increased MI rate
of 1.26. These analyses were published in 2006. In order to address this issue
in more complexity, in 2008, Scott et al. (2007) performed a systematic review
of 18 randomized controlled trials (RCTs) and 20 observational studies. The
odds ratio (OR) for MI of all COX-2 inhibitors was 1.6; however, most of this
risk was accounted for by rofecoxib. No or very modest increases in MI risk
were observed with use of other NSAIDs (Table 20.1).

In 2015, Roubille et al. performed a meta-analysis of more than 15 large
trials in order to determine the CV risk of NSAID use in RA, psoriasis, or PsA.
The all-CV morbidity RR values of all NSAIDs, COX-2 inhibitors, or non-
coxib NSAIDs were 1.18 (1.01; 1.38), 1.36 (1.10; 1.67), and 1.08 (0.94;
1.24), respectively. With respect to MI, stroke, and major CV events (MACE),
RR values were 1.13 (0.93; 1.37), 2.15 (1.19; 3.87), and 1.56 (0.82; 2.97).
Thus there is clear signal that NSAIDs, especially coxibs, increase the risk of
all types of CV morbidity (Roubille et al., 2015a).

In contrast, Tsai et al. (2015) assessed CV risk in SpA patients undergoing
long-term NSAID treatment. It has become clear, that some NSAIDs, contrary
to RA, may exert disease-modifying action in SpA (Wanders et al., 2005;
Ardoin and Sundy, 2006). As systemic inflammation is the major driver of
atherosclerosis and CVD both in RA and in SpA, halting disease progression
in SpA may have beneficial effects on the vasculature. Indeed, Tsai et al.
(2015), longer versus shorter use of NSAIDs including coxibs in SpA resulted
in decreased CV morbidity.

As seen above, there have been lots of controversies with respect to the CV
effects of NSAIDs. Recent studies also suggested that the CV risk of NSAIDs
may be different in inflammatory diseases, such as RA and the general pop-
ulation. Some studies suggest that NSAIDs that exert an unfavorable CV
profile in otherwise healthy individuals may not increase CV risk in RA pa-
tients, where the antiinflammatory effects of NSAIDs may override their
harmful CV effects (Sfikakis et al., 2014; Lindhardsen et al., 2013; Goodson
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et al., 2009). For example, in a Danish cohort, the CV risk associated with
NSAID use was actually lower [RR 1.22 (1.09; 1.37)] than in controls [RR
1.51 (1.36; 1.66)] (Lindhardsen et al., 2013).

In addition, one should consider which NSAID is actually in question.
Rofecoxib may be the only NSAID that equivocally increased CV risk in most
studies. Studies on other NSAIDs, such as naproxen or diclofenac yielded to
highly controversial results (Sfikakis et al., 2014; Ferraz-Amaro et al., 2009;
Lindhardsen et al., 2013; van Walsem et al., 2015).

Another controversial issue is the possible interactions between NSAIDs
and the cardioprotective effects of aspirin. Some studies suggested that
ibuprofen might suppress the effects of aspirin by competing for the same
COX-1ebinding site on platelets (Li et al., 2010). This speculation was later
confirmed in an epidemiologic study (Norris et al., 2010). This issue has not
yet been addressed in meta-analyses and systematic reviews.

Therefore, from the CV perspective, long-term use of any NSAID is not
recommended, especially in the elderly and in patients with history of CVD or
in the presence of CV risk factors (Simmonds et al., 2009; Banfi et al., 2010;
Zhang et al., 2005; Nurmohamed et al., 2002). According to the 2010 EULAR
CV recommendations and the recent update, in RA and PsA, traditional
NSAID and coxib use should be very cautious especially in patients with
documented CV disease or in the presence of CV risk factors (Peters et al.,
2010a; Nurmohamed, 2015). In AS, NSAIDs are recommended as first-line
treatment in patients with pain and stiffness unless NSAIDs are contra-
indicated (Nurmohamed, 2015).

2.2 Corticosteroids

Half of UK patients with RA are prescribed corticosteroids in the primary care
setting (Black et al., 2015)! Corticosteroids themselves are atherogenic by
influencing body fat distribution, blood pressure, and glucose metabolism
leading to obesity, dyslipidemia, hypertension, and diabetes mellitus
(Table 20.1) (Bruce, 2005a; Roos et al., 2010; Maxwell et al., 1994; Atzeni
et al., 2010; Buttgereit et al., 2009; Konijn et al., 2015). According to a very
recent study, corticosteroid treatment exerted an unfavorable effect on body
composition by increasing BMI and body fat mass in early RA patients (Konijn
et al., 2015). On the other hand, pulsed corticosteroid treatment reduced the
levels of the proatherogenic homocysteine in RA patients (Lazzerini et al.,
2003). Controversy arises from the dual action of glucocorticoids, as they are
atherogenic, but also antiinflammatory (Roos et al., 2010; Petri et al., 1994;
Atzeni et al., 2010; Karp et al., 2008; Maxwell et al., 1994; Buttgereit et al.,
2009). For example, in SLE, both inflammatory activity and recent cortico-
steroid use have been independently associated with CVD (Karp et al., 2008).
In RA, combination therapy that included prednisolone rapidly improved the
total cholesterol (TC)/HDL-C index in RA patients (Nurmohamed et al., 2002).
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In a recent case-control study, 202 corticosteroid-treated RA patients were
compared to 436 RA patients not treated with corticosteroids. Corticosteroids
administered at �7.5 mg/day increased HDL-C levels, while LDL-C and the
atherogenic index did not change (Schroeder et al., 2015). With respect to
imaging, steroid pulse therapy impaired FMD in patients with IgA nephropathy
(Uchida et al., 2006).

In an earlier systematic review that assessed the effects of corticosteroid
use on the vasculature in RA, only a weak association between low-dose
corticosteroid therapy and CV risk factors was established (Wu et al., 2004).
Although it is rather difficult to determine, whether the favorable antiin-
flammatory effects of glucocorticoids would override their potential proa-
therogenic nature, there is a growing body of evidence that inflammatory
factors associated with more active SLE or RA may exert higher risk for
atherosclerosis than corticosteroid treatment (Karp et al., 2008; Roos et al.,
2010; Maxwell et al., 1994; Nurmohamed et al., 2002). The net effect of
corticosteroids may also be dose related. For example, low doses did not affect
lipid levels, while a daily dose >10 mg increased serum triglyceride and
LDL-C concentrations (Roos et al., 2010; Bruce, 2005a).

Ajeganova et al. (2014) assessed CV outcome in patients treated with
7.5 mg/day prednisone combined with DMARD versus DMARD alone during
the first 2 years after RA diagnosis. In this inception cohort, the incidence of
CVD was similar in the two groups; however, the long-term risk of ischemic
cerebrovascular events was higher in the corticosteroid group. In addition,
there was a tendency toward reduced survival in the prednisone group
(Ajeganova et al., 2014).

In a recent real-life Dutch cohort, van Sijl et al. (2014) reported that
corticosteroid use including longer duration of exposure or cumulative expo-
sure was associated with elevated CV risk. However, adjustment for disease
activity negated this association. Thus, stratification of corticosteroid use for
disease activity may be crucial from the CV perspective. In a cohort of almost
400 RA patients, Toms et al. (2008) did not find any association between
corticosteroid use and metabolic syndrome in RA. Thus, the beneficial effects
of corticosteroids on inflammation may outweigh their harmful CV effects.

In the 2015 analysis of Roubille et al. described above, at least 10 large
studies were included. Corticosteroids increased the risk of all CV events, MI,
stroke, and MACE with RR values of 1.47 (134; 1.60), 1.41 (1.22; 1.63), 1.57
(1.05; 2.35), and 1.62 (1.22; 2.16), respectively. However, this meta-analysis
was later criticized by Boers (2015) who in a meta-analysis of 4381 patients
could not find increased CV risk. In this paper, Boers questioned that mostly
observational data were included in the other study. Therefore, whether cor-
ticosteroids are harmful or beneficial from this aspect remains to be
determined.

With respect to optimal corticosteroid dose, del Rincon et al. (2014)
determined the daily threshold dose of 8 mg, above which the number of
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deaths increased in a dose-dependent manner. Thus, also from the CV point of
view, glucocorticoid doses of <8 mg/day may be considered safe (del Rincon
et al., 2014).

The EULAR CV recommendations suggest to use the lowest dose possible
(Peters et al., 2010a). According to the latest update, glucocorticoid dosage
should be kept to a minimum and tapering should be attempted in case of low
disease activity and remission (Nurmohamed, 2015). Thus, although much
controversy has arisen with respect to the atherogenic or atheroprotective ef-
fects of corticosteroids during the treatment of arthritides, these drugs should
be used with caution. Yet, the potential CV risk associated with glucocorti-
coids should be different in inflammatory and noninflammatory states (Toms
et al., 2008; van Sijl et al., 2014).

2.3 Traditional Disease-Modifying Drugs

2.3.1 Antimalarial Drugs

In contrast to corticosteroids, antimalarial drugs, such as chloroquine (CQ) and
hydroxychloroquine (HCQ), may exert evident antiatherogenic properties
(Table 20.1) (Petri et al., 1994; Tam et al., 2000; Apte, 2009; Borba and Bonfa,
2001; Espinola et al., 2002; Ruiz-Irastorza et al., 2010; van Halm et al., 2006;
Choy et al., 2014). These agents are used to treat mild to moderate SLE and RA
(Ruiz-Irastorza et al., 2010; van Halm et al., 2006). In RA, antimalarials are
usually part of traditional DMARD combinations (Rainsford et al., 2015;
Smolen et al., 2013). HCQ therapy has been associated with lower serum total
cholesterol levels (Petri et al., 1994). Antimalarials may also reduce LDL-C,
VLDL-C and, in corticosteroid-treated patients, triglyceride (TG) production
(Tam et al., 2000; Apte, 2009; Borba and Bonfa, 2001; Bruce, 2005b; Morris
et al., 2011). In a recent study, HCQ users exerted significantly lower TC,
LDL-C, and TG levels, as well as TC/HDL-C ratio compared to HCQ nonusers.
There was no difference between the two groups in HDL-C levels (Kerr et al.,
2014). HCQ may also improve glucose homeostasis (Hage et al., 2014). In vitro
studies also suggest that antimalarials may inhibit platelet aggregation and the
thrombogenic effects of antiphospholipid antibodies (Espinola et al., 2002).

Thus, antimalarials may be vasculoprotective in various rheumatic dis-
eases, especially when coprescribed with corticosteroids (Bruce, 2005b).

2.3.2 Sulfasalazine

There is very little information available regarding the possible vascular or
metabolic effects of sulfasalazine (SASP). In a case-control study, SASP was
associated with somewhat lower CVD risk compared to RA patients who never
used SASP, HCQ, or MTX (van Halm et al., 2006). In animal studies, SASP
prolonged graft survival and prevented ischemia reperfusion injury in cardiac
transplants (Feeley et al., 1999). SASP may also exert its antiinflammatory
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activity by inducing the release of adenosine (Furuichi et al., 2000). Folate
supplementation to SASP therapy may reduce homocysteine production and
thus it may also be vasculoprotective in arthritis (Baskan et al., 2009).

Today, SASP is mainly used in combination, therefore it is very difficult to
determine the net CV effects of this compound (Atzeni et al., 2010).

2.3.3 Methotrexate

The vascular effects of methotrexate (MTX) may also be somewhat contro-
versial. MTX itself increases the production of the proatherogenic homocys-
teine. Homocysteine is toxic for endothelial cells and stimulates LDL
oxidation. Folate supplementation suppresses the atherogenic effects of ho-
mocysteine. On the other hand, MTX, like corticosteroids, controls systemic
inflammation and thus may exert beneficial CV effects (Van Doornum et al.,
2002). In recent studies, MTX reduced, rather than aggravated CV risk (Ta-
ble 20.1) (Micha et al., 2011; Marks and Edwards, 2012; Westlake et al.,
2010).

MTX has several vascular and metabolic actions. It improves reverse
cholesterol transport and inhibits the formation of foam cells (Reiss et al.,
2008). In recent studies, MTX restored ABCG1-mediated, high disease acti-
vityerelated impairment of cholesterol efflux in RA (Ronda et al., 2015;
2014). MTX does not increase lipid levels and exerts no effect on platelet
function (Micha et al., 2011; Marks and Edwards, 2012). In a single, small
study, MTX was able to reduce carotid atherosclerosis in RA (Kim et al.,
2015).

It is well known that in RA MTX acts by increasing adenosine release. In a
recent study carried out in an animal model of vasculopathy and in in vitro
endothelial cell systems, MTX induced adenosine monophosphateeactivated
protein kinase (AMPK). MTX attenuated vasculopathy in the animal model.
Furthermore, MTX also suppressed endothelial injury via the AMPK pathway
(Thornton et al., 2016).

All-cause CVD morbidity was reduced by MTX in most studies. There was
a trend toward reduced incidence of stroke, while data on MI and metabolic
syndrome, were rather inconclusive (Micha et al., 2011; Marks and Edwards,
2012). In an earlier study, Suissa et al. (2006) reported that the use of MTX
was associated with significantly lower rate of MI (RR 0.81) in comparison to
RA patients not receiving MTX monotherapy.

Baseline inflammatory markers, carotid atherosclerosis and the number of
CV risk factors may predict rapid progression of atherosclerosis in RA. MTX
treatment significantly slowed down this progression (del Rincon et al., 2015).

Roubille et al. (2015a) have recently performed a meta-analysis of eight
studies assessing CV risk of MTX in RA, psoriasis, and PsA. MTX reduced
the risk of all CV events, MI, stroke, and MACE showing RR values of 0.72
(0.57; 0.91), 0.81 (0.68; 0.96), 0.78 (0.40; 1.50), and 0.38 (0.05; 2.84),
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respectively (Roubille et al., 2015a). In the 2015 meta-analysis of De Vecchis
et al. (2016), MTX significantly decreased the risk of MACE with an OR of
0.73 (0.70; 0.77).

Studies described above have been carried out in arthritis patients. How-
ever, as most pathways inhibited by MTX are involved in the pathogenesis of
atherosclerosis, some hard endpoint CV trials have also been initiated in pa-
tients with CVD. One of these trials that assesses the effects of MTX on CV
outcome is the CIRT trial that is currently still recruiting (Ridker, 2014; Ridker
and Luscher, 2014).

In conclusion, the net effects of MTX in arthritis may be vasculoprotective.
The recent EULAR recommendations suggest the administration of MTX
in order to suppress systemic inflammation and prevent CVD
(Peters et al., 2010a).

2.3.4 Leflunomide

In general, leflunomide, similarly to other DMARDs, suppress systemic
inflammation that may be beneficial with regards to CVD. Leflunomide
inhibits the NFkB signal transduction pathway that is critically involved in
both systemic inflammation and atherogenesis (Feng et al., 2005; Minoretti
et al., 2007). Leflunomide also interferes with leukocyte-endothelial adhesion
(Grisar et al., 2004; Minoretti et al., 2007). Leflunomide use was associated
with a significantly lower rate of MI in comparison to RA patients receiving
other medications (RR 0.28) (Suissa et al., 2006).

One additional proof for the vasculoprotective effect of this drug is the use
of leflunomide-eluting stents in invasive cardiology. Leflunomide stents pre-
served endothelial proliferation, improved arterial healing, and were found to
be safe in clinical studies (Tanaka et al., 2010).

Thus, in contrast to some earlier studies, leflunomide may be vasculo-
protective in RA.

2.4 Targeted Therapies

2.4.1 Anti-TNF Biologics

Numerous reports have suggested that tumor necrosis factor a (TNFa) in-
hibitors may have variable effects on the vasculature and lipid profile in RA
patients (Table 20.1) (Roubille et al., 2013; Szekanecz et al., 2009).

TNFa has been implicated in almost all stages of atherogenesis. It exerts
major proinflammatory, metabolic, and proatherogenic effects suggesting that
TNF blockade may have favorable effects on the vasculature. TNFa is released
by inflammatory leukocytes, as well as vascular endothelial and smooth
muscle cells. TNFa promotes the endothelial expression of cellular adhesion
molecules and thus the migration of leukocytes into and through the vessel
wall (Greenberg et al., 2011; Szekanecz, 2008; Ross, 1999; Popa et al., 2007a;
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Szekanecz et al., 2016). TNFa has been associated with the incidence of in-
sulin resistance, dyslipidemia, and obesity (Szekanecz, 2008; Popa et al.,
2007a; Szekanecz et al., 2016). Very recently, high TNFa expression has been
documented in the aortic adventitia of RA patients with CVD (Ahmed et al.,
2016).

Regarding surrogate markers of vascular pathology, the first vascular
imaging study was published in 2002. Here brachial artery flow-mediated
vasodilation (FMD), a marker of endothelial function (Kerekes et al.,
2012), was assessed in 11 patients with active RA before and after 12 weeks
of infliximab therapy. Infliximab improved FMD, which was accompanied by
decreased CRP levels (Hurlimann et al., 2002). In following short-term
studies infliximab treatment also resulted in rapid but transient improve-
ment of FMD (Bosello et al., 2008; Bilsborough et al., 2006; Gonzalez-
Juanatey et al., 2004; Tremblay et al., 2005). Unfortunately, this effect was
reversible and FMD returned to baseline some weeks after infusion (Bosello
et al., 2008; Gonzalez-Juanatey et al., 2004). Regarding other TNF blockers,
adalimumab treatment in RA resulted in a rapid increase of FMD, which was
sustained for 12 weeks. Improvement of endothelial function was accompa-
nied by decrease of clinical activity and systemic inflammation (Gonzalez-
Juanatey et al., 2006; Sidiropoulos et al., 2009). In one long-term study,
18 months of infliximab or adalimumab therapy in RA resulted in sustained
improvement of FMD (Baba et al., 2007). In a comparative study, infliximab,
etanercept, and adalimumab therapy in RA yielded to long-term improvement
(>2 years) of FMD in 25%, 60%, and 100% of patients, respectively (Capria
et al., 2010). We have also reported that adalimumab treatment significantly
improved FMD in early RA patients (Kerekes et al., 2011).

Manifest atherosclerosis may be assessed by common carotid artery
intima-media thickness (ccIMT) and carotid plaque (Kerekes et al., 2012;
Damjanov et al., 2014). TNFa has been associated with increased ccIMT
(Skoog et al., 2002). In one study, infliximab or etanercept therapy signifi-
cantly improved ccIMT on both after long-term treatment of RA patients.
These vascular effects were preceded by an early and lasting decrease in
disease activity markers (Del Porto et al., 2007). In our hands, adalimumab
treatment significantly decreased ccIMT in patients with early RA (Kerekes
et al., 2011). In contrast, in another studies, infliximab, adalimumab, or eta-
nercept treatment of RA patients did not affect ccIMT at all (Wong et al., 2009;
Takashima et al., 2005; Turiel et al., 2010). In a recent study in AS, after a
mean 4.9 years of treatment duration, ccIMT did not progress in patients
continuing anti-TNF therapy, while ccIMT further increased in those who
discontinued treatment (van Sijl et al., 2015). Thus, data are rather conflicting
regarding the effects of TNFa blockers on carotid atherosclerosis (Tam et al.,
2014). It is possible that the effects of biologics on carotid atherosclerosis is
more prominent in early compared to long-standing RA. In addition, changes
in ccIMT may require longer follow-up (Szekanecz et al., 2009; Tam et al.,
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2014). TNF blockade also significantly halted the progression of atheroscle-
rosis as determined by ccIMT (del Rincon et al., 2015).

Infliximab, adalimumab, or etanercept therapy of RA patients signifi-
cantly reduced arterial stiffness indicated by pulse-wave velocity (PWV)
(Maki-Petaja et al., 2006; Cypiene et al., 2007; Galarraga et al., 2009;
Kerekes et al., 2012; Damjanov et al., 2014; Kume et al., 2011; Tam et al.,
2014; Vassilopoulos et al., 2015; Wong et al., 2009). In a long-term cohort,
56-week infliximab treatment in RA resulted in a significant decrease of
PWV (Wong et al., 2009). We have also reported that adalimumab treat-
ment significantly improved PWV in early RA patients (Kerekes et al.,
2011). However, in another study, when RA patients were treated with
either infliximab, etanercept, or adalimumab, despite significant clinical
response and reduction of inflammation, there was no change in arterial
stiffness (Van Doornum et al., 2005). Thus, results on arterial stiffness are
also rather controversial. Biologic effects on PWV, similar to ccIMT may
require more time in comparison to rapid FMD changes (Szekanecz et al.,
2009). One recent study also suggests that the beneficial effect of TNF
inhibition on arterial stiffness may also be independent of its effect on
disease activity (Vassilopoulos et al., 2015).

Among metabolic effects, most anti-TNFs influence lipid profile but not
the TC/HDL-C atherogenic index (AI) (Robertson et al., 2013; Kerekes et al.,
2014; Choy et al., 2014). In most studies, short-term infliximab treatment of
RA or SpA patients variably influenced HDL-C, LDL-C, TC, and TG levels;
however, AI remained unchanged in all these studies (Kiortsis et al., 2006; Vis
et al., 2005; Tam et al., 2007; Seriolo et al., 2006; Soubrier et al., 2008; Daien
et al., 2012; Damjanov et al., 2014; Popa et al., 2005; 2007b). Adalimumab
treatment resulted in significantly increased HDL-C levels, while LDL-C and
TG levels did not change (Popa et al., 2005). In another cohort, adalimumab
also reduced the AI in RA patients (Gonzalez-Juanatey et al., 2006). In a
comparative study of RA and SpA patients, while infliximab treatment
increased TC and LDL-C levels, etanercept significantly increased HDL-C,
while had no effects on TC or LDL-C levels (Garces et al., 2008). In a 2012
meta-analysis, anti-TNF treatment significantly increased TC, HDL-C, and
TG, but not LDL-C. AI was also unaffected (Daien et al., 2012). In a recent
study, 6 months of adalimumab or etanercept treatment, contrary to tocilizu-
mab, increased HDL-C only but not TC or LDL-C (Chen et al., 2015). These
results suggest that there may be controversy with respect to the effects of anti-
TNF biologics on lipids. In addition, there may be differences between the
effects of various TNFa inhibitors on the lipid profile (Kerekes et al., 2009a;
Szekanecz et al., 2009). Differences between infliximab and etanercept may be
due to the fact that while etanercept inhibits the pro-atherogenic lymphotoxin-
a, as well as TNFa, infliximab only blocks TNFa (Garces et al., 2008).

Lipid elevations associated with anti-TNF and other biological therapy
may be explained by the “lipid paradox.” In brief, an inverse correlation
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between CRP and lipid levels has been described. Biologics that suppress
inflammation and thus CRP levels consequently increase basically all lipid
fractions (TC, LDL-C, and HDL-C). Furthermore, in patients with higher
disease activity and systemic inflammation, lower LDL-C levels have been
associated with increased CV risk (Myasoedova et al., 2011; Choy et al., 2014;
Robertson et al., 2013). Such lipid elevations with unchanged atherogenic
index associated with improvement of inflammatory markers have been re-
ported with respect to infliximab, adalimumab, etanercept, or golimumab
(Kirkham et al., 2014; Szekanecz et al., 2009; Kerekes et al., 2014; Peters
et al., 2007; Vis et al., 2005; Seriolo et al., 2006; Soubrier et al., 2008; Popa
et al., 2005; Robertson et al., 2013). The inverse relationship between CRP and
TC has recently been confirmed in healthy individuals as well (Johnsson et al.,
2014).

RA has been associated with impaired cholesterol efflux capacity (CEC) of
HDL and increased serum cell cholesterol-loading capacity (CLC) leading to
foam cell formation. In a recent study, adalimumab improved CEC, reduced
CLC, and inhibited macrophage cholesterol uptake (Ronda et al., 2015).
Infliximab may also restore impaired cholesterol efflux in RA (Voloshyna
et al., 2014).

Adipokines have been implicated in the pathogenesis of arthritides, as well as
atherosclerosis. In the general population, leptin, resistin, and visfatin are proa-
therogenic, while adiponectin is rather antiatherogenic. The levels of all four
adipokines are elevated in RA and all of them are highly proinflammatory.
However, there have been highly conflicting results on the effects of biologics on
adipokine release (Abella et al., 2014; Kerekes et al., 2014; Gomez et al., 2011;
Peters et al., 2010b). Recently a novel adipokine, chemerin has attracted lots of
interest. Chemerin may be a “master adipokine” regulating both inflammation and
cardiometabolic comorbidities in arthritides (Giles, 2014; Dessein et al., 2014).
Anti-TNF therapy reduces chemerin production (Herenius et al., 2013).

Insulin resistance has also been associated with chronic inflammatory
diseases including RA and SLE (Chung et al., 2008). Anti-TNF therapy, pri-
marily infliximab and etanercept, improved insulin sensitivity as indicated by
reduction of homeostatic model assessment (HOMA) in a number of trials
(Barbuio et al., 2007; Gonzalez-Gay et al., 2010; Ursini et al., 2010; Seriolo
et al., 2008; Huvers et al., 2007; Tam et al., 2007), as well as in a recent meta-
analysis (Burska et al., 2015).

Body composition is also very important when discussing CV risk. RA and
other chronic inflammatory diseases have been associated with loss of weight
(“rheumatoid cachexia”) mainly due to systemic inflammation and TNFa
(originally known as “cachectin”). Treated patients with low disease activity or
in remission gain weight and may even become slightly obese. There is also a
redistribution of body fat. In patients with high disease activity there is a loss
of abdominal (subcutaneous) fat and muscle mass. In contrast, visceral fat
mass is increased also resulting in increased CV risk (Kerekes et al., 2014;
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Ferraz-Amaro et al., 2013; Challal et al., 2015). As TNFa is highly involved,
anti-TNF therapy should alter body composition. Unfortunately, rheumatoid
cachexia may persist in patients receiving biologic therapy even after the
improvement of arthritis symptoms (Kerekes et al., 2014; Metsios et al., 2007).
Furthermore, in three studies, TNF blockade including etanercept and inflix-
imab failed to show effects on body composition (Challal et al., 2015; Marcora
et al., 2006; Metsios et al., 2007). Anti-TNF biologics may also reduce
epicardial adipose tissue thickness (Lima-Martinez et al., 2014).

Vasculogenesis is the formation of new capillaries from endothelial pro-
genitor cells (EPCs) (Szekanecz et al., 2010; Szekanecz and Koch, 2010).
There has been evidence that low EPC numbers and impaired EPC function
are observed in arthritides (Szekanecz et al., 2010; Szekanecz and Koch, 2010;
Ablin et al., 2006; Grisar et al., 2007, 2005). Vasculogenesis is very important
in vascular repair associated with atherosclerosis (Szekanecz et al., 2010;
Szekanecz and Koch, 2010). TNFa levels have been inversely correlated with
the number of EPCs (Martini et al., 2015). Anti-TNF agents may stimulate
EPCs and thus vasculogenesis in inflammatory states including RA and JIA
(Ablin et al., 2006; Grisar et al., 2007; Martini et al., 2015).

Platelet activation is involved in thromboembolic processes and also in
atherosclerosis and CVD. In a very recent study, anti-TNF treatment of RA
patients inhibited platelet activation, as well as tissue factor production. TNF
inhibitors also suppressed platelet-dependent leukocyte activation (Manfredi
et al., 2016).

Regarding other molecular mechanisms underlying inflammation-
associated atherosclerosis, infliximab treatment resulted in the suppression
of soluble endothelial cell adhesion molecule (sE-selectin, sVCAM-1) pro-
duction in RA and AS patients (Gonzalez-Gay et al., 2006; Genre et al., 2015).
Anti-TNF therapy also improved the total oxidative/antioxidative status in AS
patients (Karkucak et al., 2010). In one study, onercept significantly decreased
Lp(a) and homocysteine levels, which was associated with reduced CRP levels
(Sattar et al., 2007).

Based on these scientific data, TNF blockers may also influence vascular
function and thus the epidemiology of CVD in the clinical setting (Westlake
et al., 2011). For example, in a Swedish national registry, 531 RA patients
received infliximab or etanercept therapy between 1999 and 2005 and the
primary endpoint was the first CVD event. In the anti-TNF treated patients, the
age- and sex-adjusted incidence rate of first CVD events was less than half of
that observed in the anti-TNF nontreated patients (Jacobsson et al., 2005). In a
2011 systematic review, anti-TNF treatment appeared to decrease the likeli-
hood of CVD (Westlake et al., 2011). In a recent study, etanercept significantly
reduced the risk of CV diseases (HR 0.52) (Morgan et al., 2014). In a British
cohort, RA patients treated with TNF blockers were compared to those on
traditional DMARDs. There was no difference in the incidence of MI between
the two patient groups. However, when anti-TNF responders and
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nonresponders were compared, the risk of MI was markedly reduced in pa-
tients exerting a good clinical response after 6 months of anti-TNF therapy in
comparison to nonresponders (Dixon et al., 2007).

In 2011, Greenberg et al. performed a meta-analysis of five then available
studies. Most of these studies published between 2005 and 2008 showed that
anti-TNF therapy reduced CV risk. The overall RR was 0.46 (0.28; 0.77)
(Greenberg et al., 2011). In the same year, Barnabe et al. (2011) carried out a
systematic review of 16 studies. This analysis suggested that anti-TNF agents
reduce the risk of all CVevents [RR 0.46 (0.28; 0.70)] and MI [RR 0.81 (0.68;
0.96)] (Barnabe et al., 2011).

The longer duration and thus the cumulative dose of anti-TNF treatment
may also be of great importance. In a recent study of Nurmohamed et al.
(2015), every 6 months of treatment extension resulted in 12% decrease in CV
risk. Furthermore, continuation of TNF-a blockade for 1, 2, or 3 years reduced
CV risk by 21%, 38%, or 51%, respectively (Nurmohamed et al., 2015).

Ljung et al. (2014) assessed the incidence of acute coronary syndrome in the
SwedishARTIS registry. The event-free survivalwas better inRApatients receiving
TNF inhibitors compared to biologic-na€ıve patients (Ljung et al., 2014).

In the recent meta-analysis of Roubille et al. (2015a) 16 studies published
between 2005 and 2012 were included. TNF inhibitors definitely reduced CV
risk. RR values for all CV events, MI, stroke, and MACE were 0.70 (0.54;
0.90), 0.59 (0.36; 0.97), 0.57 (0.35; 0.92), and 0.30 (0.15; 0.57), respectively
(Roubille et al., 2015a).

Prospective studies with hard CV endpoints are lacking. The ENTRACTE
study has been designed to assess CV outcome during biological therapy. The
active comparator of this still running trial is etanercept so information will be
obtained with regards to clinical CV effects of this TNF inhibitor (Ridker and
Luscher, 2014; Ridker, 2014).

Certainly, more epidemiological data from large cohorts and more pro-
spective studies are needed to determine how molecular and morphological
effects of biologics translate to clinical changes of vascular morbidity and
mortality. Yet, there has been a clearer picture from earlier times to recent
years suggesting that anti-TNF treatment may indeed be beneficial with
regards to CV risk. Most data have become available with respect to inflix-
imab, etanercept, and adalimumab. There have been only scattered reports on
golimumab or certolizumab pegol.

2.4.2 Rituximab

In a pilot study on vascular effects of rituximab, we included five RA patients.
All exerted 22e112% of improvement in FMD by week 16 (Kerekes et al.,
2009b). Others also observed the positive effects of rituximab on micro- and
macrovascular endothelial function (Gonzalez-Juanatey et al., 2008; Hsue
et al., 2014). Improvement of endothelial function was associated with
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suppression of systemic inflammation indicated by decreases in CRP levels
and DAS28 scores, as well as with improved lipid profiles (Table 20.1)
(Gonzalez-Juanatey et al., 2008; Kerekes et al., 2009b; Hsue et al., 2014).

Regarding carotid atherosclerosis, in our rituximab study described
above, despite of the short follow-up time of 16 weeks, carotid athero-
sclerosis significantly improved in three out of five patients by the end of the
observation period (Kerekes et al., 2009b). In another very recent study,
rituximab reduced ccIMT, which was accompanied by decreased disease
activity and CRP levels (Novikova et al., 2016). In a cohort of 24 RA pa-
tients, 12 months of rituximab therapy significantly improved PWV (Provan
et al., 2015); recent rituximab treatment also decreased total cholesterol and
increased HDL-C levels in four out of five patients (Kerekes et al., 2009b).
Six months of rituximab therapy beneficially altered the composition of
proatherogenic HDL (Raterman et al., 2013). However, no randomized
controlled study has been conducted with respect to the effects of rituximab
on lipid profile (Souto et al., 2015).

In clinical trials, rituximab treatment was associated with good CV
safety (Gurcan et al., 2009). In a recent analysis of the Corrona registry,
rituximab and anti-TNF treatments had comparable CV safety profile
(Harrold et al., 2015).

2.4.3 Tocilizumab

IL-6, similarly to TNFa, is also a key proinflammatory cytokine, which also
increases the hepatic production of CRP, an independent risk factor for
atherosclerosis (Ross, 1999; Szekanecz, 2008; Tzoulaki et al., 2005; Sherer
and Shoenfeld, 2006; Szekanecz et al., 2016). IL-6 induces endothelial
dysfunction (Bhagat and Vallance, 1997) and has been implicated in CVD, as
well as cerebrovascular events and peripheral atherosclerosis (Tzoulaki et al.,
2005; Hoshi et al., 2008). IL-6 induces platelet aggregation and activation,
stimulates endothelial activation and the expression of endothelial adhesion
molecules (Tzoulaki et al., 2005). IL-6 also stimulates the formation of foam
cells and decreases HDL-C production (Coca and Sanz, 2009). On the other
hand, IL-6 is a main inducer of CRP release and both circulating CRP and IL-6
levels were correlated with the risk of MI in otherwise healthy, nonsmoking
men (Ridker, 2004). We have correlated plasma IL-6 levels with abnormal
FMD and increased ccIMT in RA patients (Kerekes et al., 2008). Thus, tar-
geting IL-6 may have net beneficial effects on the vasculature.

Yet, no prospective, hard endpoint studies have been completed showing
effects of IL-6 or IL-6 receptor blockade on CV outcomes. The only running
prospective trial is ENTRACTE, described above, assessing CV outcome
during tocilizumab versus etanercept therapy. This trial will finally determine
the effects of IL-6R inhibition on clinical CV outcome (Ridker, 2014; Ridker
and Luscher, 2014).
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In a retrospective, post-hoc analysis of almost 4000 RA patients treated
with tocilizumab, the frequency of MACE was 0.34 cases per 100 patient
years. At baseline, future MACE was associated with age, positive CV history,
disease activity (DAS28), and TC/HDL-C ratio (atherogenic index). However,
during treatment, future MACE was only associated with effects on disease
activity, but not with lipid changes (Rao et al., 2015). Although these findings
should be confirmed in larger trials, these data also suggest that during bio-
logic treatment, CV outcome is primarily dependent on changes of systemic
inflammation and disease activity rather than traditional CV risk factors.

It has become clear already from clinical trials that the anti-IL-6 receptor
antibody tocilizumab may increase plasma TC, LDL-C, and TG levels, while it
may decrease HDL-C levels in some patients (Nakata et al., 2008; Genovese
et al., 2008; Takacova et al., 2008; Chen et al., 2015; Robertson et al., 2013;
Souto et al., 2015). These effects were reversible in most cases (Nakata et al.,
2008). In a recent meta-analysis of randomized controlled trials, the RR of
tocilizumab to increase TC, LDL-C, and HDL-C were 4.6, 4.8, and 2.25,
respectively (Souto et al., 2015). Again, the effects of tocilizumab on
RA-associated atherosclerosis may be dual, as this drug very effectively
suppress systemic inflammation. As described above, the lipid paradox, the
suppression of CRP with consequent elevation of lipid levels may explain this
feature (Choy et al., 2014; Myasoedova et al., 2011). Tocilizumab may in-
crease lipid levels to a higher extend compared to anti-TNF biologics (Kerekes
et al., 2014; Gabay et al., 2016; McInnes et al., 2015; Chen et al., 2015;
Genovese et al., 2008). However, although IL-6 blockade may result in dys-
lipidemia, inhibition of the highly proinflammatory IL-6 may also improve
vascular function. In large post-marketing databases and meta-analyses, no
increase of CV events was observed upon tocilizumab therapy (Curtis et al.,
2015; Kawashiri et al., 2010; Steiner and Urowitz, 2009).

In the absenceofhardCVendpoint trials, surrogatemarkers canbedetermined in
order to predict the vascular effects of IL-6 blockade. Tocilizumab treatment may
attenuate the production of several other vasculopathy-associated and metabolic
biomarkers (McInnes et al., 2015; Gabay et al., 2016). Tocilizumab affects lipid
subfractions. It decreases the production of lipoprotein a [Lp(a)], proinflammatory,
serum amyloid A-containing HDL. On the other hand, it increases small HDL and
paraoxonase activity (Gabay et al., 2016;McInnes et al., 2015; Schultz et al., 2010).
Tocilizumab also attenuates the levels of HOMA, amarker of insulin resistance and
diabetes mellitus (Bradham et al., 2014; Schultz et al., 2010). Tocilizumab sup-
presses fibrinogen and D-dimer levels (McInnes et al., 2015). Among adipokines,
tocilizumab treatment reduced the production of chemerin, a key adipokine
described above (Makrilakis et al., 2015a, 2015b).With respect to vascular imaging,
IL-6 inhibition by tocilizumab improved endothelial function (FMD) and arterial
stiffness (PWV) (Protogerou et al., 2011; Kume et al., 2011; Makrilakis et al.,
2015a).When seven RA patients were treated with tocilizumab, PWV significantly
improved as early as after 3 months of therapy (Provan et al., 2015).
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Yet, larger studies and close adverse event reporting are needed in order to
determine CV outcome in tocilizumab-treated patients.

2.4.4 Abatacept

T cells have been implicated in both arthritis and atherosclerosis (Sherer and
Shoenfeld, 2006; Kobezda et al., 2014; Szekanecz et al., 2016). Specific
autoreactive T lymphocytes trigger atherosclerosis, as well as RA (Sherer and
Shoenfeld, 2006; Kobezda et al., 2014). Among T cell subsets, both athero-
genesis and RA have been associated with a type 1 T helper cell response
(Sherer and Shoenfeld, 2006; Kobezda et al., 2014; Szekanecz et al., 2016).
Thus, T-cell blockade may have vascular, as well as antiinflammatory effects
in RA.

There have been few reports on CV safety of this drug. In the meta-analysis
of available phase III trial results, abatacept treatment was found to be safe.
The occurrence of angina or MI was not more common in abatacept-treated
patients (Maxwell and Singh, 2009). In a very recent study on insurance
database, abatacept treatment may have a lower risk for MI than TNF blockers
in elderly RA patients (Zhang et al., 2016).

With respect to surrogate markers of vascular pathophysiology, in a small
study, five patients were treated with abatacept. Arterial stiffness indicated by
PWV did not change after 12 months of therapy (Provan et al., 2015). There
have been no controlled trials in order to determine the possible effects of
abatacept on lipids (Souto et al., 2015). In a recent small study, abatacept
improved insulin sensitivity in RA patients (Ursini et al., 2015).

2.4.5 Canakinumab

IL-1 blockade has been approved for the treatment of childhood auto-
inflammatory diseases and there have been promising results in gout (Lachmann
et al., 2009; Schlesinger et al., 2012). IL-1 blockade resulted in better endo-
thelial function in RA patients (Ikonomidis et al., 2014). In high-risk CVD
patients, canakinumab reduced the plasma levels of inflammatory and athero-
sclerotic markers including CRP, IL-6, and fibrinogen (Ridker et al., 2012).
Canakinumab appeared to be safe in clinical trials (Schlesinger et al., 2012;
Lachmann et al., 2009; Howard et al., 2014).

As far as nonarthritis patients with CVD are concerned, a prospective, hard
endpoint CV trial called CANTOS (Canakinumab Antiinflammatory Throm-
bosis Outcomes Study) has been initiated in thousands of patients with stable
CVD but higher degree of inflammation indicated by elevated CRP levels. This
trial is still recruiting (Ridker, 2014; Ridker and Luscher, 2014).

2.4.6 Tofacitinib

Janus kinases (JAK1 and JAK3) are involved in mediating the signaling of
multiple cytokines in RA (Vyas et al., 2013; Yamaoka and Tanaka, 2013). In
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addition, JAKs may also be involved in atherosclerosis and CV disease. In-
hibition of JAK3 in mice protects against myocardial ischemia and reperfusion
injury (Oh et al., 2013). However, as no large study on CV outcome has been
conducted yet, the possible effects of JAK inhibition on CVD have not yet
been clarified.

The JAK3 and JAK1 inhibitor tofacitinib has been approved for the
treatment of RA in a number of countries. Tofacitinib, similar to tocilizumab,
produces great increases in both LDL-C (19e21%) and HDL-C (11e14%)
levels (Robertson et al., 2013; Souto et al., 2015). According to the compar-
ative phase III trial, tofacitinib increases lipid levels to a greater extent than
adalimumab (Robertson et al., 2013). On the other hand, tofacitinib effectively
suppresses systemic inflammation (Fleischmann et al., 2012; van Vollenhoven
et al., 2012; Souto et al., 2015). Available data from clinical studies and da-
tabases do not suggest increased CV risk in RA patients (van Vollenhoven
et al., 2012; Souto et al., 2015). Atorvastatin effectively reversed Tofacitinib-
induced dyslipidemia in RA (McInnes et al., 2014).

2.4.7 Other Drugs

In this chapter, we summarize information on the CV and cardiometabolic
effects of antirheumatic drugs. However, other compounds that are not pri-
marily used to treat rheumatic diseases but are vasculoprotective may also be
administered to arthritis patients.

Statin therapy significantly reduces the risk of CVD. In addition to their
lipid-lowering effects, statins may also be atheroprotective by modulating cell
signaling and inflammatory pathways. Statins reduce serum CRP levels,
directly inhibit IFN-geinduced MHC class II expression and thus suppress
T-celledriven autoimmunity. Statins also prevent endothelial dysfunction
(Nissen et al., 2006; Timar et al., 2013; El-Barbary et al., 2010). The pleio-
tropic effects of statins on vascular and immune systems argue for their use in
RA (Peters et al., 2010a). To date, the largest trial on statin therapy in RA has
been the published Trial of Atorvastatin in RA (TARA) study. In this 6-month
study on 116 RA patients, the disease activity score improved significantly in
the atorvastatin-treated group versus the placebo group. There was also a
decrease in erythrocyte sedimentation rate, as well as serum CRP and IL-6
levels (McCarey et al., 2004). In a recent Japanese study, atorvastatin signif-
icantly improved lipid profiles in RA (Akiyama et al., 2015). Rosuvastatin also
improved FMD, resulted in carotid plaque regression, and decreased serum
TNFa, IL-6, and ICAM-1 levels in RA and AS patients (Garg et al., 2015;
Ikdahl et al., 2015; Rollefstad et al., 2015). In AS, rosuvastatin decreased Bath
Ankylosing Spondylitis Disease Activity Index (BASDAI), Bath Ankylosing
Spondylitis Metrology Index (BASMI), and pain, accompanied by reduced
acute phase reaction (van Denderen et al., 2006). In our SSc cohort, 6 months
of rosuvastatin treatment significantly decreased CRP, as well as TC, LDL-C,
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and TG levels. This was associated with improved FMD in these patients
(Timar et al., 2013).

Aspirin has been used for a long time to prevent CVD in the general
population. Daily aspirin reduces the risk of MI and reduces CVD-related
mortality. There is no evidence from large clinical trials to support the effi-
cacy of low-dose aspirin in RA, yet, aspirin use may be recommended to
prevent CVD in RA (Peters et al., 2010a).

As described above, insulin resistance has been associated with arthritides
(Kerekes et al., 2014). Peroxisome proliferator-activated receptor gamma ag-
onists (glitazones) improve insulin resistance but they may also have other
antiinflammatory and vasculoprotective effects. In one study, pioglitazone
improved arterial stiffness and diastolic blood pressure, which was indepen-
dent on its effect on insulin sensitivity (Ormseth et al., 2014).

The EULAR CV recommendations discussed later also deals with the great
importance of using statins, ACE inhibitors, and AT-II blockers in arthritis
patients (Peters et al., 2010a).

Folic acid supplementation is not only beneficial in order to neutralize
MTX side effects, but also suppresses hyperhomocysteinemia and thus CV
risk. However, large, hard endpoint trials are needed in order to determine the
CV effects of folic acid in arthritis patients (Essouma and Noubiap, 2015).

A number of arthritis patients also have secondary osteoporosis. These
patients may use oral calcium supplementation. A recent study has suggested
that oral calcium may not increase vascular calcification in RA patients
(Geraldino-Pardilla et al., 2015). Interestingly, low serum magnesium has been
associated with hyperlipidemia and possibly increased CV risk in RA patients.
This suggests the importance of magnesium supplementation to these patients
(Chavan et al., 2015).

3. OTHER HEART DISEASES

3.1 Infusion Reactions

Infusion reactions may occur when administering IV biologics. It is very
important to differentiate CV events occurring during or immediately after the
infusion and are usually reversible and chronic CVevents caused by long-term use
of antirheumatic drugs (Gasparyan et al., 2012). Such events, including hyper-
tension or hypotension, arrhythmias, angina, MI, or even sudden cardiac death
may rarely occur during infliximab, rituximab, tocilizumab, or abatacept infusions
(Gasparyan et al., 2012; Wasserman et al., 2004; Lazzerini et al., 2008; Maxwell
and Singh, 2009; Gurcan et al., 2009; Patel and Moreland, 2010).

3.2 Hypertension and Renal Disease

Hypertension and blood pressure variability are often seen in RA patients and
they contribute to all-cause mortality (Myasoedova et al., 2014). Among
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antirheumatic drugs, NSAIDs, corticosteroids, cyclosporine A, and lefluno-
mide may increase blood pressure (Atzeni et al., 2010). The most common CV
side effect of leflunomide is hypertension (2e10%) (Rozman et al., 2002). In
addition to hypertension as infusion reaction described above, almost all bi-
ologics may increase blood pressure (Gasparyan et al., 2012).

Chronic kidney disease (CKD) has been associated with both RA and
CVD. In a recent study, the role of antirheumatic drugs in the development of
CKD was assessed. NSAIDs were clearly associated with CKD: the RR was
1.45 in infrequent users and 2.01 in frequent users. Frequent use of cortico-
steroids also increased the risk of CKD (RR: 1.75). The use of MTX, SASP,
HCQ, LEF, or any biologics was not associated with the development of CKD
(Chiu et al., 2015b). A recent meta-analysis of more than 30,000 cases pro-
vided supportive evidence that NSAID use was associated with higher risk of
CKD in hypertensive subjects (Hsu et al., 2015).

3.3 Arrhythmias

QTc time prolongation on ECG has been associated with arrhythmias. Chronic
systemic inflammation and proinflammatory cytokines play an important role
in prolonged QTc. In addition, long QTc has been related to high disease
activity, elevated hsCRP, and increased all-cause mortality in RA (Lazzerini
et al., 2013, 2015; Panoulas et al., 2014). Arrhythmias have also been asso-
ciated with psoriasis and PsA (Chiu et al., 2015a). In a recent study, tocili-
zumab treatment corrected QTc intervals by suppressing systemic
inflammation in RA (Lazzerini et al., 2015).

Arrhythmias may also occur during intravenous biologic treatment; how-
ever, as discussed above, this is considered as an infusion reaction.

3.4 Left Ventricular Dysfunction and Congestive Heart Failure

About 45% of RA patients with no cardiac symptoms has left ventricular
systolic dysfunction (Cioffi et al., 2015). Continuous corticosteroid use may
double the risk of congestive heart failure (CHF) (Wright et al., 2014). Mul-
tiple meta-analyses confirmed that MTX reduced the incidence of CHF,
possibly by 50% (Marks and Edwards, 2012; Micha et al., 2011; Wright et al.,
2014). Infliximab increased left ventricular ejection fraction, which was
accompanied by reduction of inflammation, as well as IL-6, endothelin 1, and
NT-proBNP levels (Kotyla et al., 2012).

It has been traditionally accepted, mostly based on a single phase II trial
that TNF blockers are contraindicated in patients with NYHA class III or IV
CHF (Weisman, 2002). In a 20111 Cochrane review, however, the rate of CHF
was not significantly different between patients treated with biologics and
controls (Singh et al., 2011). In recent years, controversy have arisen as
numerous reports indicated that TNF blockers may even have beneficial effects
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in rheumatic patients with nonsevere CHF (Sarzi-Puttini et al., 2005). TNF
blocker therapy in RA significantly reduced the risk of heart failure in a large
cohort of RA patients with preexisting CVD (Wolfe and Michaud, 2004).
Etanercept improved endothelial vasodilation capacity in patients with pre-
existing CHF (Fichtlscherer et al., 2001). Recently, Heslinga et al. (2015) have
performed a systematic review of 54 available studies. They concluded that
TNF blockade may indeed exert harmful effects on CHF in elderly RA pa-
tients, which was not observed in other patients. TNFa inhibition may improve
some echocardiographic parameters and it definitely reduces NT-proBNP
levels.

NT-proBNP has become a biomarker of heart failure and CV mortality
(Wright et al., 2014). BNP is produced in RA (George et al., 2014). It has been
confirmed that NT-proBNP is a marker of CV and all-cause mortality in early
polyarthritis (Mirjafari et al., 2014). Infliximab treatment may reduce
NT-proBNP production (Kotyla et al., 2012; Heslinga et al., 2015). In our
hands, 12 months of anti-TNF treatment including either etanercept or certo-
lizumab pegol significantly decreased NT-proBNP levels both in RA and in
SpA (Szekanecz et al., 2010, unpublished observations). In RA, NT-proBNP is
associated with IL-6 production, and tocilizumab may have favorable effects
on NT-proBNP production (Bradham et al., 2014).

In conclusion, arthritis patients with history of CHF and an indication for
the use of biologics do not need a baseline cardiac evaluation to screen for
CHF. Patients with well-compensated mild (NYHA class I or II) CHF should
be closely monitored for any clinical signs of worsening of CHF during anti-
TNF therapy. Finally, patients with NYHA class III or IV CHF should not be
treated with biologics (Sarzi-Puttini et al., 2005).

4. RECOMMENDATIONS FOR CARDIOVASCULAR RISK
MANAGEMENT IN ARTHRITIDES

In 2009, EULAR has set up an ad-hoc committee that prepared 10 recom-
mendations for the prevention and management of CVD associated with RA,
AS, and PsA. It has been stated that arthritis and diabetes mellitus may exert
similar risks for CVD (Peters et al., 2009); therefore, all efforts should be
made in order to assess CV risk early and prevent further damage. As systemic
inflammation is the key factor accounted for increased CV risk, adequate
control of disease activity using traditional DMARDs, primarily MTX and
biologics is essential. Among traditional vasculoprotective agents, statins,
ACE inhibitors, and AT-II blockers are preferred treatment options. As the role
of coxibs and NSAIDs regarding the CV risk in not yet determined, we should
be very cautious when prescribing these drugs. The lowest effective dose of
corticosteroids should be used.

These recommendations have recently been updated, presented, and will be
published soon (Nurmohamed, 2015). In comparison to the first set of
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recommendations, more data have become available in AS and PsA. Risk
assessment performed every 5 years was recommended. Low dosage and
tapering of NSAIDs and corticosteroids received even more attention.

Other recent British (Board, 2014), Spanish (Martin-Martinez et al., 2014),
French (Tournadre et al., 2015; Pham et al., 2006), Dutch (van den Oever et al.,
2013; Peters and Nurmohamed, 2013), Canadian (Anderson et al., 2013;
Roubille et al., 2015b), or US (Barber et al., 2015; Goff et al., 2014; Kaplan,
2009) recommendations also include similar suggestions with respect to
antirheumatic therapy and CV risk.

5. CONCLUSIONS

Accelerated atherosclerosis and increased CV and cerebrovascular morbidity
and mortality have been associated with RA, as well as other inflammatory
rheumatic diseases. It is likely, that sustained systemic inflammation and
clinical activity of arthritis are major contributors to atherogenesis. Aspirin,
statins, folic acid, ACE inhibitors, and AT-II blockers have been introduced to
the prevention and therapy of vascular diseases in RA; however, they primarily
treat traditional CV risk factors. Blood pressure control and vasculoprotection
using ACE inhibitors and AT-II blockers is also essential. NSAIDs, primarily
COX-2 inhibitors may increase CV risk; therefore, we should be cautious
when prescribing these compounds. Yet, there have been lots of controversies
with respect to CV risk of NSAIDs in inflammatory states versus in the general
population. Also, there may be differences among the various NSAIDs. Cor-
ticosteroids may exert both beneficial and detrimental effects on the vascu-
lature. Again, the CV risk of corticosteroids may be different in arthritides or
in noninflammatory conditions. It is possible that the antiinflammatory action
of NSAIDs and corticosteroids may override their potential atherogenic na-
ture. Antimalarials and MTX have been found to be cardioprotective in most
studies. Leflunomide may not increase atherosclerosis but it can cause hy-
pertension. Biologics, primarily TNFa inhibitors, effectively suppress arthritis
and they have various effects on the vascular system. Increased lipid levels
observed in the case of all biologics may be explained by the “lipid paradox.”
Biologics may also have beneficial effects on other metabolic markers (insulin
resistance, body composition, etc.), as well as vascular pathophysiology (ca-
rotid atherosclerosis, arterial stiffness, endothelial dysfunction). In most large
trials, especially recent ones, anti-TNF biologics have been associated with
reduced CV risk. More data are needed on rituximab, tocilizumab, and aba-
tacept, as well as tofacitinib. In this context, there may be significant differ-
ences among various biologics. In addition to atherosclerosis and CVD, other
cardiac diseases, such as heart failure, arrhythmias, and hypertension should
also be considered when administering antirheumatic drugs. The net effects of
antirheumatic drugs on the vasculature and on vascular diseases, variability
between individual agents, and differences between short- and long-term
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effects should be determined by more detailed analysis of patient cohorts and
large registries. In the clinical practice, EULAR and other recommendations
may guide the rheumatologist how to prevent and manage CV comorbidities in
rheumatic patients.
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Szekanecz, Z., Kerekes, G., Kardos, Z., Baráth, Z., Tamási, L., 2016. Mechanisms of inflammatory

atherosclerosis in rheumatoid arthritis. Curr. Immunol. Rev. in press.

Szekanecz, Z., Koch, A.E., 2010. Vasculogenesis in rheumatoid arthritis. Arthritis Res. Ther.

12, 110.

Takacova, M., Nogova, P., Habekova, M., Stanekova, D., 2008. Prevalence of a 32 bp deletion in

the gene for human immunodeficiency virus 1 co-receptor ccr5 in slovak population. Acta

Virol. 52, 261e264.

Takashima, K., Miyake, H., Kanzaki, N., Tagawa, Y., Wang, X., Sugihara, Y., Iizawa, Y.,

Baba, M., 2005. Highly potent inhibition of human immunodeficiency virus type 1 repli-

cation by TAK-220, an orally bioavailable small-molecule CCR5 antagonist. Antimicrob.

Agents Chemother. 49, 3474e3482.

Tam, L.S., Gladman, D.D., Hallett, D.C., Rahman, P., Urowitz, M.B., 2000. Effect of antimalarial

agents on the fasting lipid profile in systemic lupus erythematosus. J. Rheumatol. 27,

2142e2145.

Tam, L.S., Kitas, G.D., Gonzalez-Gay, M.A., 2014. Can suppression of inflammation by anti-TNF

prevent progression of subclinical atherosclerosis in inflammatory arthritis? Rheumatology

(Oxford) 53, 1108e1119.

Tam, L.S., Tomlinson, B., Chu, T.T., Li, T.K., Li, E.K., 2007. Impact of TNF inhibition on insulin

resistance and lipids levels in patients with rheumatoid arthritis. Clin. Rheumatol. 26,

1495e1498.

Tanaka, R., Takahashi, Y., Kodama, A., Saito, M., Ansari, A.A., Tanaka, Y., 2010. Suppression of

CCR5-tropic HIV type 1 infection by OX40 stimulation via enhanced production of beta-

chemokines. AIDS Res. Hum. Retroviruses 26, 1147e1154.

Thornton, C.C., AL-Rashed, F., Calay, D., Birdsey, G.M., Bauer, A., Mylroie, H., Morley, B.J.,

Randi, A.M., Haskard, D.O., Boyle, J.J., Mason, J.C., 2016. Methotrexate-mediated activation

of an AMPK-CREB-dependent pathway: a novel mechanism for vascular protection in

chronic systemic inflammation. Ann. Rheum. Dis. 75, 439e448.

Timar, O., Szekanecz, Z., Kerekes, G., Vegh, J., Olah, A.V., Nagy, G., Csiki, Z., Danko, K.,

Szamosi, S., Nemeth, A., Soltesz, P., Szucs, G., 2013. Rosuvastatin improves impaired

endothelial function, lowers high sensitivity CRP, complement and immuncomplex pro-

duction in patients with systemic sclerosisea prospective case-series study. Arthritis Res.

Ther. 15, R105.

Toms, T.E., Panoulas, V.F., Douglas, K.M., Griffiths, H.R., Kitas, G.D., 2008. Lack of association

between glucocorticoid use and presence of the metabolic syndrome in patients with rheu-

matoid arthritis: a cross-sectional study. Arthritis Res. Ther. 10, R145.

Tournadre, A., Tatar, Z., Pereira, B., Chevreau, M., Gossec, L., Gaudin, P., Soubrier, M.,

Dougados, M., 2015. Application of the European Society of Cardiology, Adult Treatment

Panel III and American College of Cardiology/American Heart Association guidelines for

cardiovascular risk management in a French cohort of rheumatoid arthritis. Int. J. Cardiol. 183,

149e154.

Tremblay, C.L., Giguel, F., Chou, T.C., Dong, H., Takashima, K., Hirsch, M.S., 2005. TAK-652, a

novel CCR5 inhibitor, has favourable drug interactions with other antiretrovirals in vitro.

Antivir. Ther. 10, 967e968.

526 The Heart in Systemic Autoimmune Diseases



Tsai, W.C., Ou, T.T., Yen, J.H., Wu, C.C., Tung, Y.C., 2015. Long-term frequent use of non-

steroidal anti-inflammatory drugs might protect patients with ankylosing spondylitis from

cardiovascular diseases: a nationwide case-control study. PLoS One 10, e0126347.

Turiel, M., Tomasoni, L., Sitia, S., Cicala, S., Gianturco, L., Ricci, C., Atzeni, F., De Gennaro

Colonna, V., Longhi, M., Sarzi-Puttini, P., 2010. Effects of long-term disease-modifying

antirheumatic drugs on endothelial function in patients with early rheumatoid arthritis. Car-

diovasc. Ther. 28, e53ee64.

Tzoulaki, I., Murray, G.D., Lee, A.J., Rumley, A., Lowe, G.D., Fowkes, F.G., 2005. C-reactive

protein, interleukin-6, and soluble adhesion molecules as predictors of progressive periph-

eral atherosclerosis in the general population: Edinburgh artery study. Circulation 112,

976e983.

Uchida, H.A., Nakamura, Y., Kaihara, M., Norii, H., Hanayama, Y., Sugiyama, H., Maeshima, Y.,

Yamasaki, Y., Makino, H., 2006. Steroid pulse therapy impaired endothelial function while

increasing plasma high molecule adiponectin concentration in patients with IgA nephropathy.

Nephrol. Dial. Transplant. 21, 3475e3480.

Ursini, F., Naty, S., Grembiale, R.D., 2010. Infliximab and insulin resistance. Autoimmun. Rev. 9,

536e539.

Ursini, F., Russo, E., Letizia Hribal, M., Mauro, D., Savarino, F., Bruno, C., Tripolino, C.,

Rubino, M., Naty, S., Grembiale, R.D., 2015. Abatacept improves whole-body insulin

sensitivity in rheumatoid arthritis: an observational study. Medicine (Baltimore) 94, e888.

van Den Oever, I.A., van Sijl, A.M., Nurmohamed, M.T., 2013. Management of cardiovascular risk

in patients with rheumatoid arthritis: evidence and expert opinion. Ther. Adv. Musculoskelet.

Dis. 5, 166e181.

van Denderen, J.C., Peters, M.J., van Halm, V.P., Van Der Horst-Bruinsma, I.E., Dijkmans, B.A.,

Nurmohamed, M.T., 2006. Statin therapy might be beneficial for patients with ankylosing

spondylitis. Ann. Rheum. Dis. 65, 695e696.

Van Doornum, S., Jennings, G.L., Wicks, I.P., 2006. Reducing the cardiovascular disease burden in

rheumatoid arthritis. Med. J. Aust. 184, 287e290.

Van Doornum, S., Mccoll, G., Wicks, I.P., 2002. Accelerated atherosclerosis: an extraarticular

feature of rheumatoid arthritis? Arthritis Rheum. 46, 862e873.

Van Doornum, S., Mccoll, G., Wicks, I.P., 2005. Tumour necrosis factor antagonists improve

disease activity but not arterial stiffness in rheumatoid arthritis. Rheumatology (Oxford) 44,

1428e1432.

van Halm, V.P., Nurmohamed, M.T., Twisk, J.W., Dijkmans, B.A., Voskuyl, A.E., 2006. Disease-

modifying antirheumatic drugs are associated with a reduced risk for cardiovascular disease in

patients with rheumatoid arthritis: a case control study. Arthritis Res. Ther. 8, R151.

van Sijl, A.M., Boers, M., Voskuyl, A.E., Nurmohamed, M.T., 2014. Confounding by indication

probably distorts the relationship between steroid use and cardiovascular disease in rheuma-

toid arthritis: results from a prospective cohort study. PLoS One 9, e87965.

van Sijl, A.M., van Eijk, I.C., Peters, M.J., Serne, E.H., van Der Horst-Bruinsma, I.E.,

Smulders, Y.M., Nurmohamed, M.T., 2015. Tumour necrosis factor blocking agents and

progression of subclinical atherosclerosis in patients with ankylosing spondylitis. Ann.

Rheum. Dis. 74, 119e123.

van Vollenhoven, R.F., Fleischmann, R., Cohen, S., Lee, E.B., Garcia Meijide, J.A., Wagner, S.,

Forejtova, S., Zwillich, S.H., Gruben, D., Koncz, T., Wallenstein, G.V., Krishnaswami, S.,

Bradley, J.D., Wilkinson, B., Investigators, O.S., 2012. Tofacitinib or adalimumab versus

placebo in rheumatoid arthritis. N. Engl. J. Med. 367, 508e519.

Cardiac Effects of Antirheumatic Drugs Chapter j 20 527



van Walsem, A., Pandhi, S., Nixon, R.M., Guyot, P., Karabis, A., Moore, R.A., 2015. Relative

benefit-risk comparing diclofenac to other traditional non-steroidal anti-inflammatory drugs

and cyclooxygenase-2 inhibitors in patients with osteoarthritis or rheumatoid arthritis: a

network meta-analysis. Arthritis Res. Ther. 17, 66.

Vassilopoulos, D., Gravos, A., Vlachopoulos, C., Kandili, A., Ioakeimidis, N., Pectasides, D.,

Stefanadis, C., 2015. Adalimumab decreases aortic stiffness independently of its effect in

disease activity in patients with rheumatoid arthritis. Clin. Rheumatol. 34, 359e364.

Vis, M., Nurmohamed, M.T., Wolbink, G., Voskuyl, A.E., De Koning, M., van De Stadt, R.,

Twisk, J.W., Dijkmans, B.A., Lems, W.F., 2005. Short term effects of infliximab on the lipid

profile in patients with rheumatoid arthritis. J. Rheumatol. 32, 252e255.

Voloshyna, I., Seshadri, S., Anwar, K., Littlefield, M.J., Belilos, E., Carsons, S.E., Reiss, A.B.,

2014. Infliximab reverses suppression of cholesterol efflux proteins by TNF-alpha: a possible

mechanism for modulation of atherogenesis. Biomed. Res. Int. 2014, 312647.

Vyas, D., O’dell, K.M., Bandy, J.L., Boyce, E.G., 2013. Tofacitinib: the First Janus Kinase (JAK)

inhibitor for the treatment of rheumatoid arthritis. Ann. Pharmacother. 47, 1524e1531.

Wanders, A., Heijde, D., Landewe, R., Behier, J.M., Calin, A., Olivieri, I., Zeidler, H.,

Dougados, M., 2005. Nonsteroidal antiinflammatory drugs reduce radiographic progression in

patients with ankylosing spondylitis: a randomized clinical trial. Arthritis Rheum. 52,

1756e1765.

Wasserman, M.J., Weber, D.A., Guthrie, J.A., Bykerk, V.P., Lee, P., Keystone, E.C., 2004.

Infusion-related reactions to infliximab in patients with rheumatoid arthritis in a clinical

practice setting: relationship to dose, antihistamine pretreatment, and infusion number.

J. Rheumatol. 31, 1912e1917.

Weisman, M.H., 2002. What are the risks of biologic therapy in rheumatoid arthritis? An update on

safety. J. Rheumatol. Suppl. 65, 33e38.

Westlake, S.L., Colebatch, A.N., Baird, J., Curzen, N., Kiely, P., Quinn, M., Choy, E., Ostor, A.J.,

Edwards, C.J., 2011. Tumour necrosis factor antagonists and the risk of cardiovascular disease

in patients with rheumatoid arthritis: a systematic literature review. Rheumatology (Oxford)

50, 518e531.

Westlake, S.L., Colebatch, A.N., Baird, J., Kiely, P., Quinn, M., Choy, E., Ostor, A.J.,

Edwards, C.J., 2010. The effect of methotrexate on cardiovascular disease in patients with

rheumatoid arthritis: a systematic literature review. Rheumatology (Oxford) 49, 295e307.

Wolfe, F., Michaud, K., 2004. Heart failure in rheumatoid arthritis: rates, predictors, and the effect

of anti-tumor necrosis factor therapy. Am. J. Med. 116, 305e311.

Wong, M., Oakley, S.P., Young, L., Jiang, B.Y., Wierzbicki, A., Panayi, G., Chowienczyk, P.,

Kirkham, B., 2009. Infliximab improves vascular stiffness in patients with rheumatoid

arthritis. Ann. Rheum. Dis. 68, 1277e1284.

Wright, K., Crowson, C.S., Gabriel, S.E., 2014. Cardiovascular comorbidity in rheumatic diseases:

a focus on heart failure. Heart Fail Clin. 10, 339e352.

Wu, X., Zhao, R., Li, Z., Yao, M., Wang, H., Han, J., Qu, S., Chen, X., Qian, L., Sun, Y., Xu, Y.,

Gu, J., 2004. A novel small peptide as a targeting ligand for receptor tyrosine kinase Tie2.

Biochem. Biophys. Res. Commun. 315, 1004e1010.

Yamaoka, K., Tanaka, Y., 2013. Targeting the Janus kinases in rheumatoid arthritis: focus on

tofacitinib. Expert Opin. Pharmacother. 15, 103e113.

Zhang, J., Xie, F., Yun, H., Chen, L., Muntner, P., Levitan, E.B., Safford, M.M., Kent, S.T.,

Osterman, M.T., Lewis, J.D., Saag, K., Singh, J.A., Curtis, J.R., 2016. Comparative effects of

biologics on cardiovascular risk among older patients with rheumatoid arthritis. Ann.

Rheum. Dis. 75, 1813e1818.

528 The Heart in Systemic Autoimmune Diseases



Zhang, W., Doherty, M., Arden, N., Bannwarth, B., Bijlsma, J., Gunther, K.P., Hauselmann, H.J.,

Herrero-Beaumont, G., Jordan, K., Kaklamanis, P., Leeb, B., Lequesne, M., Lohmander, S.,

Mazieres, B., Martin-Mola, E., Pavelka, K., Pendleton, A., Punzi, L., Swoboda, B.,

Varatojo, R., Verbruggen, G., Zimmermann-Gorska, I., Dougados, M., 2005. EULAR evi-

dence based recommendations for the management of hip osteoarthritis: report of a task force

of the EULAR Standing Committee for International Clinical Studies Including Therapeutics

(ESCISIT). Ann. Rheum. Dis. 64, 669e681.

Cardiac Effects of Antirheumatic Drugs Chapter j 20 529



Index

‘Note: Page numbers followed by “f ” indicate figures and “t” indicate tables.’

A
Abatacept, 505

Accelerated atherosclerosis (ATH), 169e170

Acute coronary syndromes (ACS), 195

Acute gouty arthritis, 445, 453

Acute pericarditis, 266

Adenine nucleotide translocator (ANT),

48e49

Adiponectin, 466e467
Advanced glycation end products (AGEs),

463e464

AF. See Atrial fibrillation (AF)

Agatston score, 215

Aggrecanases, 462e463

American College of Rheumatology (ACR),

445e447

ANCA. See Antineutrophil cytoplasmic

antibodies (ANCA)

Aneurysms, 343

Ankylosing spondylitis (AS), 403

aortic disease, 391e392

aortic root dilatation (ARD), 393

dilatation, 395

echocardiography, 392

HLA-B27, 394e395

cardiovascular mortality, 384e385, 386t

cardiovascular risk factors, 388e391, 390t

conduction abnormalities, 396e398, 399t
mitral valve (MI) involvement, 395e396

myocardium/pericardium, 400

prevalence, 384

subclinical vascular involvement, 400e401
treatment/implications, in atherosclerosis,

401e402

vascular morbidity, 387e388, 389t
Anticardiolipin (aCL) antibodies, 301

Antiendothelial cell antibodies (AECA), 339

Anti-heart autoantibodies, 33e34, 41e42

Antihypertensive agents, 244e245
Antimalarial drugs, 495

Antineutrophil cytoplasmic antibodies

(ANCA), 337e338

Antiphospholipid (aPL) antibodies, 296e297
Antiphospholipid syndrome (APS), 125e126,

156e157, 315

cardiac manifestations, 295e296, 295t

clinical manifestations

intracardiac thrombus, 307

ischemic cardiomyopathy, 306

Libman-Sacks endocarditis, 306

nonischemic ventricular dysfunction,

306e307

valve disease, 305

diagnostic procedures

intracardiac thrombus, 309e310
ischemic cardiomyopathy, 308

nonischemic ventricular dysfunction,

308e309

valve disease and Libman-Sacks

endocarditis, 307e308

differential diagnosis

intracardiac thrombus, 313

ischemic cardiomyopathy, 312

nonischemic ventricular dysfunction,

312e313

valve disease and Libman-Sacks

endocarditis, 310e312

epidemiology

intracardiac thrombus, 302

ischemic cardiomyopathy, 301

nonischemic ventricular dysfunction,

301e302

valve disease and Libman-Sacks,

296e297, 297te300t

pathophysiology

intracardiac thrombus, 305

ischemic cardiomyopathy, 303e304

nonischemic ventricular dysfunction,

304e305

valve disease and Libman-Sacks

endocarditis, 302e303

treatment

intracardiac thrombus, 314e315

ischemic cardiomyopathy, 314

531



Antiphospholipid syndrome (APS)

(continued)
nonischemic ventricular dysfunction,

314

valve disease and Libman-Sacks

endocarditis, 313e314
Antirheumatic drugs

arrhythmias, 508

atherosclerosis/metabolic syndrome,

506e507

corticosteroids, 493e495

hypertension and renal disease,

507e508
nonsteroidal antiinflammatory drugs,

490e493

targeted therapies, 497e507

traditional disease-modifying drugs,

495e497

cardiovascular risk management, in

arthritides, 509e510

congestive heart failure (CHF), 508e509
hypertension and renal disease, 507e508

infusion reactions, 507

left ventricular dysfunction, 508e509
Antistreptococcus antibodies, 40e41

Anti-TNF biologics, 491t

adalimumab, 499

adipokines, 500

body composition, 500e501

brachial artery flow-mediated vasodilation

(FMD), 498

carotid artery intima-media thickness

(ccIMT), 498e499

endothelial progenitor cells (EPCs), 501

etanercept therapy, 499

infliximab, 499

insulin resistance, 500

platelet activation, 501

tumor necrosis factor a (TNFa), 497e498
vasculogenesis, 501

Aortic dissections, 343, 344f

Aortic insufficiency, 96

APS. See Antiphospholipid syndrome (APS)

Arrhythmias, 328e329, 343, 508

Ro-associated arrhythmias, in adults,

434, 436t

Ro-associated congenital heart block,

433e434

Arrhythmogenic right ventricular dysplasia,

213

Arthritides, 509e510

AS. See Ankylosing spondylitis (AS)

Aspirin, 507

Asymmetric dimethylarginine (ADMA), 184

Atherosclerosis, 412e413, 471, 490e507

clinical manifestations, 139e140

diagnostic investigations, 140e141

epidemiology, 125e126
b2-glycoprotein, 163e164

IL-1b, 160e163, 161t

inflammasomes, 160e163, 161t

inflammatory signaling mechanisms,

157e160, 158f

innate immunity, 157e160

lipid dysregulation, 156e157
overview, 123e125

pathogenesis, 126e139

anti-apoA-1 antibodies, 133

anticardiolipin antibodies, 132

anti-oxLDL antibodies, 132e133

atherosclerotic plaque formation,

127e129

autoantibodies, 129

autoantigens, 129

autoantigens, heat-shock proteins as,

134e135

autoimmune, 133e134
cellular mechanisms, 129e130

cytokines, 133e134

endothelial dysfunction, 127e129
genetic background, 126e127

b2GPI, 130e131

inflammatory chemokines, 133e134

obesity, 135e136

rheumatoid arthritis, 137e139

subclinical atherosclerosis, 127e129

systemic lupus erythematosus,

136e137
vitamin D, 135e136

prevalence, 125e126

treatment, 141e143
Atherosclerotic cardiovascular disease,

447e448

cardiovascular risk assessment, 239e241

inflammation, 237e239
ischaemic heart disease, etiology of,

232f, 236e237

body weight and composition,

235e236
diabetes mellitus, 235

hypertension, 233

insulin resistance (IR), 235

lipids, 234e235

physical activity, 235

smoking, 234

traditional cardiovascular risk factors,

232e236, 233t

treatment, 241e242

532 Index



antiinflammatory therapy and

cardiovascular risk, 242e244,

242te243t

cardiovascular risk factors and

cardiovascular disease, 244e245

Atrial fibrillation (AF), 448e449

Atrioventricular block (AVB), 64

Atypical verrucous endocarditis, 272

Autoantibodies, 265e266

Autoimmune disease

anti-heart autoantibodies, 33e34, 35te38t
b-adrenergic receptors, stimulating

autoantibodies to, 55

bradyarrhythmias, 54e55

cardiac conducting tissue antibodies,

54e55

dilated cardiomyopathy (DCM)/

myocarditis, 43e54

anti-heart autoantibodies, 44e47
b-adrenergic receptors, 49e50

cardiac-specific antibodies, 50e54

immune pathogenesis, 44

mitochondrial and extracellular matrix

antigens, 48e49

M2-muscarinic receptors, 50

myosin heavy chain (MHC), 47

sarcolemmal Na-K-ATPase, 48

s-I IFL, 44e47

idiopathic recurrent acute pericarditis,

34e39
anti-heart autoantibodies, 39

idiopathic tachy, 54e55

overview, 31e33

post-myocardial infarction (Dressler),

33e34

post-pericardiotomy syndrome, 34e39

rheumatic carditis, 39e42
anti-heart autoantibodies, 41e42

antistreptococcus antibodies, 40e41

immune pathogenesis, 40e42

systemic arterial hypertension, 55e57
a1-adrenergic receptors, stimulating

autoantibodies to, 55e56

angiotensin receptor, 56e57

s-I IFL, anti-heart autoantibodies by, 55

Autoimmune hypothyroidism, 236

Autoimmune myocarditis, 437

Autologous stem cell transplantation (aSCT),

329

Autonomic cardiovascular features,

431e432, 431t

Autoreactive T cells, 12

B
Balloon angioplasty, 359
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Primary Sjögren syndrome (SjS), 427

arrhythmias, 433e434

autonomic cardiovascular features,

431e432, 431t

cardiovascular disease, 428

cardiovascular events and mortality, 429

cardiovascular risk factors, 428e429

subclinical cardiovascular disease, 429,

430t

myocarditis, 437

pericarditis, 434e437

pulmonary arterial hypertension (PAH),

432e433

Raynaud phenomenon, 427e428

Primary systemic necrotizing vasculitides,

360

Proinflammatory mediators, 462e463

PsA. See Psoriatic arthritis (PsA)

Pseudoendocarditis, 306

Psoriatic arthritis (PsA), 171, 410

clinical manifestations, 414e415

diagnostic investigations

coronary flow reserve (CFR), 416

echocardiography, 415e416

intima-media thickness (IMT), 417

laboratory investigations, 417e418
plasma asymmetric dimethylarginine

(ADMA), 418

epidemiology, 410e412

etiology/pathogenesis, 412e414
treatment, 418e420

Pulmonary arterial hypertension (PAH),

218e219, 432e433

Pulmonary hypertension (PH), 218, 328, 344

Pulse wave velocity (PWV), 97e99

Purulent pericarditis, 269

R
RA. See Rheumatoid arthritis (RA)

RA lipid paradox, 171

Raynaud phenomenon, 427e428

Index 539



Renal disease, 507e508

RHC. See Right heart catheterization (RHC)

Rheumatoid arthritis (RA), 227e228, 232f,

250

atherosclerotic cardiovascular disease

cardiovascular risk assessment,

239e241

inflammation, 237e239
ischaemic heart disease, etiology of,

232e237

treatment, 241e245
mortality, 228, 229te230t

nonatherosclerotic cardiovascular disease,

245

endocardial involvement, 249e250
myocardial involvement and conduction

system abnormalities, 250

pericardial disease, 246e249

traditional cardiac manifestations, 246,

246t

Right bundle branch block (RBBB), 54, 397

Right heart catheterization (RHC), 218e220,

219f

Rituximab, 361e362, 502e503

Ro-associated congenital heart block,

433e434, 435t
Rofecoxib, 493

S
Sacroiliitis, 398

SASP. See Sulfasalazine (SASP)

Scleroderma, 323e324, 329
arrhythmias, 328e329

hypertension, 328

ischemic heart disease, 325e327
myocarditis, 327

prevalence, 324e325

prognostic impact, 324

SCORE algorithm, 239e240
Single-nucleotide polymorphisms (SNPs),

126

Sinus tachycardia, 281, 348

SLE. See Systemic lupus erythematosus

(SLE)

Small vessel vasculitides, 349e354

Smoking

rheumatoid arthritis (RA), 234

Speckle tracking echocardiography (STE),

185

Standard indirect immunofluorescence

(s-I IFL), 44e46

cross-reactive 2, 45e46

cross-reactive 1/partially organ-specific, 45

organ-specific, 45

technical considerations, 46e47

Statins, 173e176
potential and proven benefits, 174e176

autoimmune disease, 174e175

cardiovascular disease, 175e176

lipid metabolism, 175e176
potential harms patients, 176

therapy, 506e507

Subclinical atherosclerosis, 98t

ankylosing spondylitis, 102e103

psoriatic arthritis, 101e102

rheumatoid arthritis, 98e100

systemic lupus erythematosus (SLE),

100e101

systemic sclerosis, 103e104

Subclinical cardiovascular damage (SAD)

ankylosing spondylitis, 95e96
psoriatic arthritis (PsA), 94e95

rheumatoid arthritis, 90e92

subclinical atherosclerosis, 97e104

systemic lupus erythematosus (SLE),

92e94

systemic sclerosis, 96e97

traditional risk factors, 90e97

Sulfasalazine (SASP), 495e496

Surrogate biomarkers, 141

Swan-Ganz catheter, 219, 219f

Systemic lupus erythematosus (SLE), 64,

156e157, 169e170, 265e266, 282

conduction tissue involvement

clinical findings, 282

diagnostic investigations, 282

histopathology/pathogenesis, 281e282

prevalence, 281

treatment, 282

coronary artery involvement, 276

clinical features, 278

diagnostic investigations, 280

histopathology/pathogenesis, 277

nontraditional risk factors, 279e280

outcomes, 278

prevalence and risk estimation, 276e277

prevention and treatment, 280e281
traditional risk factors, 278e279

lupus anticoagulant (LA), 297

myocardial involvement, 270

clinical features and outcome, 271

diagnostic investigations, 271e272

histopathologic findings/pathogenesis,

270e271

540 Index



prevalence, 270

treatment, 272

pericardial involvement

clinical features, 267e269
diagnostic investigations, 269

histopathologic findings/pathogenesis,

266e267

prevalence, 266, 267te268t

treatment, 269e270

valvular involvement, 272

clinical features, 274e275
diagnostic investigations, 275

histopathologic findings/pathogenesis,

273e274

prevalence, 272e273
treatment, 275e276

Systemic sclerosis (SSc), 191

Systemic vasculitis, 365

cardiovascular clinical manifestations, 339,

341t

aneurysms, 343

aortic dissections, 343, 344f

arrhythmia, 343
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