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Preface

Systemic sclerosis (scleroderma) is the most enigmatic and challenging of all
rheumatic diseases. To date, it is considered incurable and carries the highest
cause-specific mortality of all the connective tissue diseases. Despite the
advancements in basic, translational, and clinical research that have been made in
recent years, the etiology and pathophysiology of this complex and heterogeneous
condition remain to be elucidated. The pathogenesis of scleroderma involves

an interplay between genetic, epigenetic, and environmental factors that cause
alterations in the immune and vascular systems and lead to progressive tissue
fibrosis. The heterogeneity, highly variable clinical presentations, multisystemic
manifestations, natural history, response to treatment, low prevalence, and level
of public awareness or government investment represent some of the reasons

for slow progress in the field of systemic sclerosis. Despite the large numbers

of clinical trials and the progress made in their design over the last decade, no
approved disease-modifying therapies exist for scleroderma to date. Currently
available pharmacological therapies predominantly target inflammatory and
vascular pathways, have variable and unpredictable clinical efficacy, usually
undesirable safety profiles, and only a modest effect on long-term survival. All of
these factors contribute to the significant impact of this challenging disease on the
quality of life of patients with scleroderma and their families. Nevertheless, life
expectancy of scleroderma patients has improved over recent years, mainly because
of better disease management and efficacy of available treatment modalities for
organ manifestations and complications. However, there is a large unmet need for
increasing the awareness of systemic sclerosis among patients, physicians, and
allied health professionals, and for comprehensive multidisciplinary care, which
should include physical and occupational therapy, and optimization of nutrition,
sleep, and sexual or psychological aspects to reduce suffering and disability of
scleroderma patients.

This book covers novel insights into the pathogenetic mechanisms, classification,
differential diagnosis, diagnostic methods, clinical management, and available
treatment approaches of a number of major organ manifestations of scleroderma,
including pulmonary hypertension and gastrointestinal and renal involvement.
Furthermore, it provides a comprehensive overview of often neglected aspects
such as scleroderma-like syndromes, and the impact of sexual and biopsychosocial
issues on the ability of patients to participate in society and to work. Contributors
include well-established scleroderma experts, rheumatologists, internal medicine
specialists, a pathologist and dermatologist, young research fellows, and
experienced physiotherapists with an interest in basic, translational, and clinical
research in systemic sclerosis. I am indebted to my colleagues for their dedication,
expertise, and timely submissions and believe that their contributions reflect

the progress made over the last couple of years in understanding and managing
systemic sclerosis.

I would like to express my gratitude to all colleagues, research collaborators, my
students and mentors in rheumatology, and to all the patients who have taught me
about scleroderma and were sources of inspiration over the years.



I gratefully acknowledge Ana Pantar for the kind invitation to become an academic
editor of this book and the Author Service Manager Edi Lipovic¢ for his dedicated
technical assistance, patience, readiness, and helpfulness.

I am deeply grateful and indebted to my family for their ongoing support, encour-
agement, patience, and love.

New Insights into Systemic Sclerosis aims to provide students, residents, trainees,
researchers, rheumatologists, and other specialists interested in this fascinating
disease with up-to-date knowledge and concepts spanning pathogenesis to the
clinical management of scleroderma.

Michal Tom¢éik, MD, PhD

Associate Professor at the Department of Rheumatology,
First Faculty of Medicine, Charles University,

Institute of Rheumatology,

Prague, Czech Republic
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Chapter1

Advances in Management
of Pulmonary Hypertension
Associated with Systemic Sclerosis

John W. Swisher and Shashank Kailash

Abstract

Pulmonary hypertension is a well-known complication of systemic sclerosis.
Patients with systemic sclerosis may develop a pulmonary arteriopathy character-
ized by vascular remodeling, increased pulmonary vascular resistance, and right
ventricular failure. Pulmonary hypertension may also arise in systemic sclerosis as
a consequence of interstitial lung disease or left ventricular dysfunction. Vascular
remodeling is more prevalent than other forms of pulmonary hypertension in sys-
temic sclerosis. The pathogenesis of pulmonary vascular remodeling in this disease
state is not completely understood; however, there is evidence of a complex process
involving genetic susceptibility, risk factors, vascular injury, and endothelial
dysfunction. In those patients with pulmonary arterial hypertension, survival prog-
nosis is extremely poor if the diagnosis is delayed or goes undetected and untreated.
In recent years, a number of disease-targeted therapies have been developed that
improve functional capacity, hemodynamics, and survival. Early detection and
treatment with one or more targeted therapies are essential to improving survival
when systemic sclerosis is complicated by pulmonary arterial hypertension.

Keywords: pulmonary arterial hypertension, systemic sclerosis, endothelin,
nitric oxide, prostacyclin

1. Introduction

Systemic sclerosis (SSc) is a multisystem, autoimmune disease characterized
by excessive collagen deposition and fibrosis of the skin and internal organs. The
autoimmune process may affect the lungs with the development of interstitial
fibrosis, pulmonary hypertension, or both. Pulmonary hypertension (PH) may
result from a pathologic process of remodeling in the pulmonary arteries, in which
case it is referred to as pulmonary arterial hypertension (PAH). Pulmonary hyper-
tension may also arise secondary to interstitial fibrosis with chronic hypoxemia
or myocardial fibrosis with postcapillary pulmonary hypertension. Pulmonary
arterial hypertension associated with systemic sclerosis (SSc-PAH) represents the
second most common cause of PAH after the idiopathic form of the disease (iPAH).
Pulmonary arterial hypertension is associated with a progressive rise in pulmonary
vascular resistance that can result in right ventricular failure and death. Patients
with SSc-PAH have higher mortality than the idiopathic form of PAH or PAH
associated with other diseases, such as congenital heart disease. While there is a
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reasonable amount of information available pertaining to SSc-PAH, much of what
we know about PAH in general comes from investigations of the idiopathic form of
the disease. The current chapter will review current knowledge about PAH in the
patient with systemic sclerosis and contrast it with information that distinguishes
SSc-PAH from the idiopathic form of PAH.

2. Epidemiology

The prevalence of systemic sclerosis-associated PAH is reported to be between
5 and 15% of patients with systemic sclerosis [1-3]. There is wide variability in
reported prevalence rates which range from as low as 3.7% [4] to as high as 43%

[5]. This variability is in large part due to methods used to establish the diagnosis of
pulmonary hypertension. While some prevalence studies base reported findings on
echocardiography, others confirm diagnosis with right heart catheterization. Right
heart catheterization (RHC) is the gold standard for accurate diagnosis of pulmo-
nary hypertension and for distinguishing pulmonary arterial from postcapillary
hypertension. Prevalence rates are consistently lower when diagnosis is determined
by right heart catheterization [6]. In a meta-analysis, Yang et al. found 12 studies
reporting the prevalence of PAH in SSc ranging from 3.6 to 32% with a pooled
prevalence of 13%. Five of the 12 studies confirmed the diagnosis of PAH with
right heart catheterization yielding a pooled prevalence estimate of 8.2%, while the
pooled prevalence estimate from seven studies relying on echocardiography was
18% [7]. Even when pulmonary hypertension is diagnosed by right heart catheter-
ization, some patients in cohort studies may refuse to undergo catheterization, thus
affecting true prevalence [8].

The prevalence of pulmonary hypertension in systemic sclerosis depends on the
phenotypic form of systemic sclerosis and the pathophysiologic mechanism behind
the development of PH. The Australian Scleroderma Cohort Study (ASCS) of 232
patients identified PH in 10.1% of patients with diffuse scleroderma and in 12.7%
of those with the limited form of the disease [9]. Prevalence of SSc-PAH consis-
tently exceeds interstitial lung disease-PH (ILD-PH) or postcapillary-PH (PC-PH).
Evaluation of PH subtypes in the ASCS cohort revealed 83.6% with PAH, 2.2% with
ILD-PH, and 7.8% with PC-PH. The DETECT study, which was designed to develop
an algorithm for detection of PAH in SSc, included 145 patients all of whom under-
went right heart catheterization revealing 19% with PAH, 6% with ILD-PH, and
6% with PC-PH [10]. An Italian cohort of 867 consecutive SSc patients included 69
patients confirmed to have pulmonary hypertension with point prevalence for PAH
3.7%, PH secondary to ILD 1.4%, and postcapillary-PH 1.3% [4]. The lower preva-
lence of PH in the Italian cohort study raised speculation that ethnic factors might
influence the prevalence of PH in SSc.

Prevalence of SSc-PAH appears to depend on other factors, such as dura-
tion of systemic sclerosis, gender, and ethnicity. Observations in the Pulmonary
Hypertension Assessment and Recognition of Outcomes in Scleroderma (PHAROS)
study suggested patients who were female, Caucasian, or suffering with limited
cutaneous scleroderma were more likely to have PAH [11]. Additionally, a reduc-
tion in DLCO below 55% predicted was noted in 79% of patients with SSc-PAH
compared to 55% of patients with SSc alone. Other authors have observed a greater
chance of developing SSc-PAH in male patients age 47 or older [12], patients with
SSC more than 10 years [13], and those with DLCO <55% [14]. Tudici suggested that
systemic sclerosis patients of Italian descent may be less likely to develop pulmonary
hypertension based on observations that prevalence rates were substantially lower
than those reported in Anglo-Saxon patients [4].
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3. Pathophysiology
3.1 WHO classification of pulmonary hypertensive diseases

The World Health Organization (WHO) has classified pulmonary hypertension
into five distinct groups on the basis of the primary pathophysiologic mechanism
leading to elevated pulmonary artery pressure (Table1) [15]. In a generic sense,
pulmonary hypertension is diagnosed when mean pulmonary artery pressure
(mPAP) > 25 mmHg is measured by pulmonary artery catheterization. Patients
classified as WHO Group 1 develop an arteriopathy of the small precapillary
pulmonary arteries characterized by endothelial proliferation, smooth muscle layer
hypertrophy, in situ thrombosis, and formation of plexiform lesions (Figure 1).
Pulmonary arterial hypertension is defined more specifically asa mPAP >25 mmHg
and also a capillary wedge pressure (CWP) < 15 mmHg and pulmonary vascular
resistance (PVR) > 3 Wood units (WU) [16]. Those in WHO Group 2 have elevated
pulmonary artery pressure with a postcapillary origin typically related to left heart
disease or dysfunction. WHO Group 3 pulmonary hypertension is a consequence
of chronic hypoxia and attendant vasoconstriction as seen in chronic lung diseases,
such as pulmonary fibrosis or emphysema. The fourth WHO Group constitutes
those with pulmonary vascular obstruction, most often due to chronic thromboem-
bolic disease. Finally, WHO Group 5 is a group of patients with pulmonary hyper-
tension of mixed etiologies that do not fit within the other categories.

3.2 Histopathology

Patients who develop the characteristic vasculopathy of WHO Group 1 PAH
experience a progressive rise in pulmonary vascular resistance resulting from the
gradual occlusion of smaller vessels by cellular hyperproliferation, thrombosis, and
plexiform lesion formation that obstruct blood flow. The resulting rise in resistance
to blood flow through the pulmonary circulation causes right ventricular strain with
initial compensation and hypertrophy. Eventually the rising resistance overwhelms
the right ventricle resulting in its failure.

Pulmonary hypertension as it occurs in the scleroderma spectrum of diseases
can develop by virtue of one or more mechanisms and can be classified as WHO
Group 1 with the characteristic features of a precapillary arteriopathy, as WHO
Group 2 when scleroderma affects myocardial physiology, or as WHO Group 3 if
the patient primarily suffers from interstitial fibrosis and hypoxemia. Patients with
systemic sclerosis may have complex forms of pulmonary hypertension involving
more than one of these mechanisms. Treatment is dependent on the mechanism
or mechanisms behind rising pulmonary vascular resistance, so it is important to
carefully establish the root cause, or causes, for pulmonary hypertension in this
patient population. Pulmonary arterial hypertension is the most common form of
pulmonary hypertension to affect patients with systemic sclerosis. Therefore, this
chapter’s focus is primarily on the pathogenesis of pulmonary arterial hyperten-
sion. While other mechanisms leading to pulmonary hypertension in this group
will be reviewed, the development of SSc-PAH is a devastating complication, and
the greatest body of information available pertains to the WHO Group 1 type of
arteriopathy.

Characteristic histopathologic features of pulmonary vascular remodeling
observed in the patient with WHO Group 1 PAH are well-described and involve all
layers of the pulmonary arterial vessels (Figure 1A) [17, 19, 21]. It is not uncom-
mon for a similar process to affect the postcapillary venules in systemic sclerosis.

A majority of patients will have in situ vessel thrombosis [18]. Flow-limiting
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1. Pulmenary Arterial Hypertension
11 Idiopathic
1.2 Heritable
1.21 BNWPRZ mutatian
1.2.2 Crther mutaticons
1.2 Direz and toxin induced
1.4 Azzosisted with:
141 Connective tissue dissasa
1.4.2 Human irmrnuncdeficiancy virus (HIV] infection
1.4.3 Portal hypertensicon
1.4.4 Corgernital fesrl diseise
1.4.5 Schistosominass
1% Pulmonary veno-occlusive disease and/or pulmaonary capillary hemangiomatosis
1.1 Idinpathic
1.2 Heritable
1.2.1 FIFZAKS rrutation

122 Crther rmutations

1.3 Dirweas, toxins and radistion induced
1.4 Azzoicated with:
1.e1 Connective tissue dissase
1.ed HIW infeczion
1, Persistant pulmonary hypertension of the newbarn
2. Pulmenary Hypertension Due to Left Heart Disease
21 Left ventrcular systolic dysfunction
2.1 Left wentrcular diastelic dysfunction
2.1 valvular haart dissase
2.4 I:o'gi:'i‘hrll.-"nr.\q wired lefs heart in"lo-.\-_."nll.-ﬂnl.l.l triact nhstruction and
Corgenital sardiomyooathics
2.5 Coraenitalfacguired pulmonary vein sterosis
3. Pulmenary Hypertension Due to Lung Diseases and/or Hypoxia
ad Chromie phstractivre palmonary disese
332 Intersttial lung diseass
3.3 Cther pulmanary dizszases with mixed chstrective and restrictve components
34 Sleep-disordered bresthing
3.5 Ahezalar hypovantilation
3b Chronic high altitude exposure
aT Deveaprmantal lung diseases
4. Chronic Thromboembalic Pulmaonary Hypertension and Other Pulmanary Artery Obstructions
4.1 Chroniz throem boembelic pulmenary hypertenzion
A2 Cther pulmonary erery obstructions
121 AnEiosarcona
422 Cther intravascualar tumaors
4.2.3 Artaritia
4,2.£ Corgenital pulrmerany arteries stenoses
4.2.5 Parasites
5. Pulmenary Hypertension With Unclear and/ or Multifactorial Mechanisms
5.1 Hernatelogic disorders: chranic hemalytic anemiz, myelaprol ferative disorders, splenactarmy
5.3 Systernic disorders; sarcoicosis, pulmanary histiooglosis, lyrmphangioleiomgomaatosis
5.3 P tatalic disarders: glycogen storage disease, Gavcher disease, thyroid disordasrs
G4 Cther: pulmanary tumaoral throm botic micreangicpethy, fibrosing medisstinitis, chronic renal feilure

Table 1.
The World Health Organization classification of pulmonary hypertensive diseases.

pathologic features involving the intimal layer of the pulmonary arteries include
eccentric or concentric intimal thickening and formation of plexiform or angio-
matoid lesions (Figure 1B) [17, 19, 21]. There is excessive cell proliferation and
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Figure 1.

Histopathology of vascular remodeling in pulmonary arterial hypertension. (A) Medial hypertrophy and
cellular intimal thickening. (B) Fibrin thrombi in glomoid plexiform lesion. Reprinted by permission from
Springer Natuve: Ishibashi-Ueda and Ohta-Ogo [21]. Copyright 2017.

hypertrophy of the smooth muscle layer. Thickening of the adventitial layer,
primarily due to collagen deposition, is also noted in these patients [17, 19-21].

Areas of eccentric intimal thickening may represent fibrotic organization of
localized thrombi. This concept is supported by observations of myofibroblast
infiltration and accumulation of mucopolysaccharides in these localized lesions
along the vessel lumen [17]. Eccentric intimal lesions of this nature have been
demonstrated in lung explants from patients with severe idiopathic PAH and those
with the CREST (calcinosis, Raynaud phenomenon, esophageal dysmotility, sclero-
dactyly, and telangiectasias) variant of scleroderma [22]. Vascular resistance is also
increased by concentric proliferation of the endothelial cell layer creating the well-
described “onion skin” lesion that is thought to involve myofibroblasts and smooth
muscle cells (SMC), as well as endothelial cells [23, 24]. Plexiform lesions consist of
complex vascular networks with a myofibroblast core which distorts the vessel wall
as it expands and extends into the lumen and the connective tissues surrounding
the vessel [23]. A rosary of dilated channels may form an angiomatoid, or dilation,
lesion and obstruct arterial flow [25]. Although specific mechanisms involved in
intimal remodeling are yet to be defined with clarity, it is largely believed that the
processes begin with endothelial injury and, in genetically susceptible individuals,
result in endothelial proliferation, smooth muscle cell and myofibroblast migration,
decreased apoptosis, and deposition of extracellular matrix [17, 18, 26].

Normally, the medial layer of muscularized arteries accounts for about 10-15%
of the outer arterial diameter, while in iPAH, it may be 30-60% of the outside
diameter [20, 27]. Thickening of the medial layer is largely due to cell hypertrophy;
however, hyperplasia of the smooth muscle cells and accumulation of extracel-
lular matrix also contribute to the shift in tunica media dimension [17, 28]. Non-
muscularized arteries may become muscularized with peripheral extension of
proximal smooth muscle cell segments and pericyte differentiation into smooth
muscle cells [19].

The adventitial layer is comprised of fibroblasts and extracellular matrix (ECM)
components. While it accounts for roughly 15% of vessel diameter under normal
circumstances, it may represent double that in the patient with PAH [17]. In addition
to its role in providing structural support for the vessel, there is evidence that inflam-
matory cells and extracellular matrix components of the adventitia may serve a role
in the regulation of cell activities in other layers [29]. Typical components of the
pulmonary vascular ECM include elastin, collagens, fibronectin, tenascin, throm-
bospondin, growth factors, and matrix metalloproteinases and proteoglycans [30].
Normal vessel structural and functional integrity depend on a balance between ECM
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deposition and degradation. Turnover is regulated by matrix metalloproteinases,
adamalysins, serine elastase, and endogenous enzyme inhibitors [31]. In PAH exces-
sive deposition of ECM contributes to vascular remodeling and decreased vessel wall
compliance. Examination of the pulmonary vascular ECM in iPAH reveals promi-
nent deposition of collagens I and III, enhanced collagen metabolism, alterations in
proteoglycans and elastin, upregulation of tenascin C which is involved in intimal
hyperplasia, and modification of fibronectin contributing to SMC proliferation
and migration [32-35]. Scleroderma is a disease characterized by overproduction of
ECM, although there have been no studies detailing ECM composition in SSc-PAH.
Studies comparing the pathologic features of iPAH to those with connective
tissue disease- associated PAH (CTD-PAH), and specifically SSc-PAH, have high-
lighted both similarities and differences between the groups. In a study of lung
explants from transplant recipients, Stacher et al. compared the features of vascular
remodeling in patients with iPAH and CTD-PAH [36]. The investigators noted more
pronounced morphologic changes in the smaller-sized and precapillary arteries
in CTD-PAH. Plexiform lesions were noted with similar frequency but had a more
scattered distribution in the patients with connective tissue disease. Histopathologic
studies comparing these patient groups also reveal more active interstitial inflam-
mation and fibrosis in systemic sclerosis and other connective tissue diseases [19,
36, 37]. In a study comparing tissue from 24 patients with SSc-PAH and 9 iPAH
patients, Argula et al. noted fewer plexiform lesions and more interstitial cellularity
and fibrosis in the SSc-PAH group, while there was little difference in intimal pro-
liferation or arteriolar smooth muscle hypertrophy [37]. In contrast, Overbeek and
colleagues found no plexiform lesions in a group of patients with limited cutaneous
systemic sclerosis and PAH, while these lesions were present in 10 of 11 comparative
iPAH patients [38]. Further intimal fibrosis and fibrosis of the pulmonary veins and
venules were observed with significantly higher frequency in SSc-PAH. While there
are similarities in the overall pattern of vascular remodeling in iPAH and SSc-PAH,
differences are notable and suggest distinct pathogenetic mechanisms may be in
play. Additionally, inflammation and fibrosis may have a greater role in SSc-PAH.

3.3 Pathogenesis

The coordinated mechanisms leading to vascular remodeling in PAH have been
the subject of intensive investigation in recent years. It has been 18 years since Gaine
proposed a theoretical model of the pathogenesis of PAH [18]. This model continues
to serve as a basis for our basic understanding of the pathobiology of the disease
and has been a platform for the development of approved therapies for WHO
Group 1 PAH in use today. The model suggests a convergence of factors including
genetic susceptibility, exposure to risk factors, vascular injury, and endothelial
dysfunction leading to progressive remodeling of vasculature and rising pulmonary
vascular resistance.

3.3.1 Genetic mutations

Evidence of a genetic basis for PAH was first reported in 2000 with the discovery
of the bone morphogenetic protein receptor II (BMPR2) gene mutation in patients
with heritable PAH [39, 40]. Mutation of this gene has been identified in at least
70-80% of cases of heritable PAH and 15-25% of sporadic iPAH [41]. BMIPR2
protein concentrations are decreased by 75% in lung tissue and endothelial cells
from subjects with PAH [24]. Other gene mutations related to BMPR2 and its down-
stream signaling pathway are now known including mutations in ALK1, ENG, and
genes encoding components of the SMAD downstream signaling pathway [19, 41].
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Mutations unrelated to the BMIPR2 signaling pathway have also been identified in a
very small percentage of PAH patients and include KCNK3, which encodes a pH-sen-
sitive potassium channel, and CAV1, which encodes a membrane protein, caveolin

1, which is essential for the formation of lipid rafts or caveolae [41]. While no link
between the development of SSc-PAH and mutation of BMIPR2 has been established,
other unique mutations have been identified in the systemic sclerosis population
with PAH. For instance, a rare functional polymorphism in the TLR2 gene, which
promotes induction of interleukin-6 (IL-6) and tumor necrosis factor-alpha (TNF-
alpha), is associated with the development of PAH in systemic sclerosis [42]. The
development of diffuse cutaneous scleroderma, fibrosing alveolitis, and PAH has
been linked to polymorphisms in TNFAIP3, which regulates the NF-kB inflamma-
tory pathway [43]. Genetic variation in the promoter region of UPAR, the urokinase-
type plasminogen activator receptor, has been associated with digital ulceration and
PAH in scleroderma patients [44]. Clearly, there is evidence for genetic susceptibility
to develop PAH in systemic sclerosis, although genetic mechanisms appear to differ
from those associated with iPAH.

BMPR? is a member of the transforming growth factor-beta (TGF-beta) super-
family of genes and normally functions to limit proliferation of smooth muscle cells
and enhance endothelial cell survival by inhibiting apoptosis [45]. In contrast, TGF-
beta is thought to promote SMC proliferation, matrix deposition, and alterations
in endothelial cell growth [46, 47]. TGF-beta is known for fibrotic effects in several
disease states, among which are systemic sclerosis [48]. Evidence from investiga-
tions of heritable PAH and preclinical models of SSc suggests that endothelial injury
and consequent pulmonary vasculopathy may arise from an imbalance in TGF-beta/
BMP signaling pathways [49-53]. For example, reduced BMPR2 receptor expression
in heritable PAH correlates with increased activity of TGF-beta and its downstream
signaling pathways. Reduction in BMPR2 levels in patients with systemic sclerosis
also correlates with enhanced activity of TGF-beta and downstream SMAD2
and MAPK signaling pathways. Based on these observations, a theory has been
advanced that heightened TGF-beta activity in systemic sclerosis might suppress
BMP signaling pathways that serve to protect the endothelium [19].

In addition to the disruption created by structural remodeling in the pulmonary
vessels, endothelial injury and dysfunction may lead to imbalances in production of
mediators that affect vascular tone and platelet aggregation and further regulate cell
proliferation. Immunochemical studies have demonstrated reduced levels of nitric
oxide synthase and prostacyclin synthase in the pulmonary vascular endothelium
[54, 55]. These enzymes are critical to the endogenous production of nitric oxide
and prostacyclin, both of which have vasodilatory and antiproliferative effects.

The production of thromboxane is increased leading to enhanced vasoconstric-

tion and in situ thrombosis [56]. Vasoconstriction and cell proliferation are pro-
moted by increased production of endothelin-1 by pulmonary endothelium [57].
Endothelin-1, survivin, and vascular endothelial growth factor (VEGF) have been
found in plexiform lesions and may augment endothelial and smooth muscle cell
proliferation while limiting cell apoptosis [57-59]. Levels of nitric oxide synthase,
prostacyclin synthase, and tumor suppressors, such as caveolin-1, are reduced in the
plexiform lesions [54, 55, 60]. The imbalances in production of vasoactive media-
tors have largely driven the development of treatments designed to counteract these
imbalances and improve pulmonary vascular resistance.

3.3.2 Sevotonin

The role of serotonin in the pathogenesis of PAH has been a topic of interest and
investigation for several years. Serotonin is thought to promote vasoconstriction
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and remodeling of pulmonary vessels by stimulating proliferation of SMCs and
fibroblasts [61-63]. The induction of SMC proliferation may be affected by sero-
tonin transporter activation of the platelet-derived growth factor-beta (PDGF-B)
receptor [64]. In SSc patients, serotonin has been shown to induce ECM production
by interstitial fibroblasts in a TGF-beta-dependent manner [65]. When a group

of SSc-PAH patients were treated with ketanserin, a selective antagonist of S2
serotonergic receptors, a majority experienced reductions in pulmonary vascular
resistance [66]. The serotonin pathway may hold promise for the development of
new treatment approaches to SSc-PAH in the future.

3.3.3 Epigenetics

Epigenetic mechanisms affecting changes in cellular function in PAH have been
a focus of more recent research. Epigenetic processes alter gene expression without
effecting changes in DNA sequence. Epigenetic mechanisms may involve DNA
methylation, modification of histone proteins, or RNA interference via microRNAs
[67]. Extensive methylation of cytosine residues in the CpG dinucleotide sequences
of the BMPR?2 gene promoter region suppresses BMPR2 gene expression in SSc-
PAH [68]. Elevated histone deacetylase levels have been noted in the lungs of PAH
patients, and the inhibition of the deacetylase reduces proliferation of vascular
fibroblasts and PDGF-stimulated SMC growth [69]. A number of microRNAs have
been identified that influence cellular functions in hereditary and iPAH [19]. For
instance, miR424 and miR503 normally suppress expression of fibroblast growth
factor-2 (FGF-2); however, they are decreased in iPAH leading to an upregulation
of FGF-2 expression [70]. These are just some representative examples of the grow-
ing knowledge of the role of epigenetic factors in PAH.

3.3.4 Cytokines and growth factors

The discovery of gene mutations involving the TGF-beta receptor family focused
attention on the role of cytokines and growth factors in vascular remodeling of
PAH. Observations of inflammatory cell infiltrates associated with vascular lesions
and the presence of elevated cytokine levels in PAH have further supported a role
for inflammation in this disease process. Lymphocytes, macrophages, dendritic
cells, and mast cells have all been demonstrated on histopathologic examination
of immune cell infiltrates in vascular lesions [17, 71, 72]. Elevated levels of several
cytokines have been reported in iPAH including IL-1beta, IL-2, IL-4, IL-6, IL-8,
IL-10, and IL-12p70, TNF-alpha, and chemokines CXC3L1, CCL2, and CCL5
[73-77]. The exact role of inflammation in the pathogenesis of PAH is unclear.
Inflammation may reflect a consequence of hypoxia associated with PAH, as
acute and chronic inflammation are known to occur in the setting of hypoxia.
Alternatively, inflammatory mechanisms may be the drivers behind vascular cell
injury and dysfunction. Macrophages are known to concentrate within and around
advanced vascular lesions in iPAH and are thought to play a significant role in
the remodeling process [78]. IL-6 produced by activated adventitial fibroblasts
has been shown to induce a macrophage phenotype with proinflammatory and
profibrotic characteristics [79]. Speculation about the role of immune dysregula-
tion is supported by an observed deficiency of regulatory T cells in the lungs from
iPAH patients [80]. In contrast to a deficiency of T-cell subpopulations, circulat-
ing autoantibodies and ectopic expansion of pulmonary lymphoid tissue in PAH
patients suggest there is excessive B-cell activation [81]. PDGF has been implicated
in the pathogenesis of PAH. Although originally discovered as a product of plate-
lets, isoforms of this growth factor are also known to be secreted by macrophages,
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endothelial cells, SMCs, and fibroblasts [82]. PDGF is a potent mitogen and
chemoattractant for endothelial cells, smooth muscle cells, and fibroblasts. PDGF
receptor-beta expression is more intense in small and postcapillary vessels in
SSc-PAH than iPAH [83]. The PDGF receptor antagonist, imatinib, was investi-
gated for treatment of PAH, and during the initial study phase, improvements in
hemodynamics and exercise capacity were noted. However, the long-term extension
study was terminated early due to severe and unexpected adverse events including
intracranial hemorrhage, death, and other side effects [84].

3.3.5 Autoantibodies

Autoantibodies against endothelial cell antigens may promote pulmonary vascu-
lar remodeling, especially in SSc-PAH. The expression of anti-endothelial cell anti-
bodies and target antigens has been confirmed in iPAH and SSc-PAH, although the
role of these antibodies in the pathogenesis of PAH remains undetermined [85, 86].
Anti-endothelial cell antibody levels in serum of connective tissue disease patients
with or without PAH were evaluated by Li and colleagues compared with control
subjects [87]. While endothelial cell antibodies were detected at similar levels in
connective tissue disease patients irrespective of whether PAH was present, one
specific endothelial antibody subtype (anti-22kD) was only found in the patients
with PAH. A second subtype (anti-75kD) was noted at significantly higher levels in
patients with PAH. The investigators concluded that these subtypes of endothelial
antibody might indicate a more specific risk for PAH in connective tissue diseases.
Tamby also demonstrated the presence of serum immunoglobulin anti-fibroblast
antibodies in patients with iPAH and SSc-PAH with distinct reactivity against target
antigens [88]. While these observations imply immunosuppressive therapy should
be a treatment option for SSc-PAH and possibly iPAH, there is no evidence to date
that this approach is beneficial. A prospective, multicenter trial to evaluate the effect
of rituximab on disease progression in subjects with SSc-PAH receiving concurrent
standard medical therapy is currently ongoing.

3.3.6 Cancer similarities

Certain features of pulmonary vascular cell dysfunction in patients with PAH
have led to the suggestion that vascular remodeling may represent a cancer-like
process involving the cellular constituents of the pulmonary arteries. Investigators
have reported evidence of proliferative, apoptosis-resistant, cancer-like behav-
ior in endothelial cells, SMCs, and fibroblasts from subjects with PAH [89-91].
Specific observations leading to this concept include monoclonal expansion of
endothelial cells from patients with iPAH when compared to patients with PAH
associated with congenital heart disease, instability of short DNA microsatellite
sequences within plexiform lesions, somatic chromosome abnormalities in the
lungs of patients with PAH, persistent hyperproliferative and apoptosis-resistant
state when endothelial cells are removed from their in vivo environment, and
altered energy metabolism [92]. Enhanced proliferation of pulmonary vascular
cells may be a consequence of excessive growth factor release from the ECM,
alterations in growth factor production or receptor expression, and/or alterations
in intracellular mitogenic signals [93-95]. Abnormal increases in key apoptotic
factors including Bcl-xL, Bcl-2, and survivin have been reported in pulmonary
vascular cells from PAH patients [58, 96, 97]. Although there is evidence of
enhanced cell proliferation and resistance to apoptosis, vascular remodeling in
PAH is distinguished from cancer in that there is no evidence that pulmonary
vascular cells have the ability to reproduce in a clonal fashion without control.
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RISK FACTORS

Older age of onset

Longstanding duration of disease > 5 years
Anti-centromere antibody

Anti-nuclear antibody nucleolar pattern
Anti-U1 RNP antibody

Absence of antl-5c 70 antibody

DLED < 6% predicted

FYC %predicted/DLCD %predicted > 1.6
Elevated N-terminal pro BNP

PAH GENETIC MUTATIONS

BMPR2 - bone morphogenetic protein receptor 2

ALKL - activin receptor like kinase type 1

CAV1 - caveolin 1

ENG - endoglin

KKCHK3Z - potassium channel super family K member 3
SMADS - acronym from fusion of Coenorhabditis elegans
SMADS  Smo genes and the Drosophilo Maod

S5C-PAH GENETIC MUTATIONS

TNFAIP3 - tumnor necrosis factor alpha induced protein 3
TLR2 - Toll like receptor 2

uPAR - urokinase type plasminogen activator receptor
CAV1 - caveolin 1

ENDOTHELIAL DYSFUNCTION

Excessive endothelin-1 production
Deficiency of nitric oxide production
Deficiency of prostacyclin production
Excessive thromboxane production
SMOOTH MUSCLE CELL DYSFUNCTION

Impaired potassium channel (Ky.s) function

OTHER PATHOGEMNETIC MECHANISMS

Inflarmation, Cptokines and Growth Foctors
Inflammatory cell infiltrates in vascular lesions
Elevated Interleukins 1 beta, 2, 4, 6, 8 10 and 12p70
Elevated TNF- alpha, CXC3L1, COL2, COLS
PDGF
Epigenetic mechanisms
DA methylation
Histone modification
Micro RMAS
Autoantibodies
Anti-endothelial cell antibodies
Anti-fibroblast antibodies
Cancer-like cel characteristics
Maonoclonal expansion of endathelial cells in iPAH
Unstable short DNA microsatellite sequences
Somatic chromosome abnormalities
Hyperproliferation/apoptosis resistance ex vive
Metabolic shift from glucose oxidation to ghycolysis
Seratonin
SMC and fibroblast proliferation

Table 2.
Summary of factors involved in pathogenesis of pulmonary arterial hypertension.
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Endothelial cells, SMCs, and adventitial fibroblasts from patients with PAH are
not only more proliferative and apoptosis-resistant but rely more on glycolysis for
energy production [89, 98-100]. Mitochondria demonstrate a metabolic shift from
glucose oxidation to uncoupled aerobic glycolysis similar to that described in cancer
cells [101]. The glycolytic pathway increases NADPH production which in turn
enhances antioxidant defenses while producing ribonucleotides for DNA synthesis.
This shift in metabolism serves as a mechanism to support rapid cell proliferation.

3.3.7 Ion channels

Increased cytosolic calcium levels in SMCs of patients with PAH promote not
only contraction but also hyperproliferation and apoptosis resistance [41]. Elevated
cytosolic Ca*? levels in PAH have been linked to downregulation of voltage-gated
potassium channels, such as Kv1.5 [102]. Downregulation or dysfunction of voltage-
gated potassium channels allows membrane depolarization and influx of calcium.
Cytosolic calcium levels are further enhanced by impaired mitochondrial Ca*
uptake. The resulting increases in intracellular calcium drive cells into the cell cycle,
thus enhancing proliferation [103].

Research has certainly revealed that the pathogenesis of PAH is a very complex
process, and our understanding of the mechanisms involved is far from complete.
Knowledge of imbalances in endogenously produced vasomotor regulators has allowed
the development of therapies that have improved quality of life and survival. However,
it isapparent that PAH is not merely a disease of vasomotor dysfunction, but one
that involves complex genetic mechanisms, cytokines, inflammation, and metabolic
derangements (Table 2). While the progressive arteriopathy of iPAH and SSc-PAH
shares many features, research has disclosed distinct differences in the pathogenesis of
the two entities that may lead to more effective treatments for each in the future.

4. Screening and diagnosis

The majority of patients with SSc-PAH are diagnosed with PAH when the
pulmonary arteriopathy is well established, while a small percentage is diagnosed at
an early, asymptomatic stage [2]. Even when symptoms are present, the symptoms
of PAH are nonspecific and may be attributed to other causes. Mortality is higher in
patients with SSc-PAH than iPAH or PAH associated with other disease processes,
such as congenital heart disease [104, 105]. An estimated 1-year survival of 84%
for patients with iPAH contrasts with a 55% rate of survival at 1 year in SSc-PAH
[106]. Patients with SSc-PAH have a higher mortality rate than those with non-
scleroderma connective tissue disease-associated PAH [107]. Further, mortality is
higher in patients with SSc- PAH than in systemic sclerosis patients without lung
involvement or with lung involvement other than PAH [108]. In recent years, PAH
and lung fibrosis have replaced scleroderma renal crisis as major causes of death in
systemic sclerosis [109]. Pulmonary arterial hypertension accounts for about 30%
of deaths in systemic sclerosis [109, 110]. Three-year survival rates of 70, 50, and
20% have been reported in treated SSc-PAH patients with WHO FC 1, FC 2, and FC
3 symptoms, respectively [107]. Earlier discovery of PAH in the systemic sclerosis
patient may have an impact on these discouraging survival statistics. In a study
by Humbert et al., the 1-, 3-, 5-, and 8-year survival rates in a cohort of SSc-PAH
patients managed according to routine practice were 75%, 31%, 25%, and 17%,
respectively, compared to survival rates of 100%, 81%, 73%, and 64%, respectively,
in a group managed in a proactive detection program [111]. These data underscore
the importance of consistently screening patients with systemic sclerosis for PAH.
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Although experts agree on the importance of screening for SSc-PAH in order to
detect vascular involvement at an earlier stage, there is less consensus on the most
effective algorithm to confirm the presence of PAH. Several risk factors have been
identified that signal the potential for the development of SSc-PAH (Table 2).
Patients who are older and have long-standing SSc are at greater risk of developing
PAH [1, 112]. The limited cutaneous form of SSc has historically been considered a
risk for PAH; however the presence of diffuse cutaneous SSc has also been reported
with similar prevalence [13, 113]. Anticentromere antibodies (ACA), anti-U1-ribo-
nucleoprotein antibodies (RNP), and a nucleolar pattern of antinuclear antibody
(nucleolar-ANA) are associated with an increased risk of SSc-PAH [114-117]. The
absence of anti-Scl 70 has been associated with the development of PAH, while the
presence of these autoantibodies is associated with the development of interstitial
lung disease [14]. Symptoms that relate to PAH are nonspecific and typically relate
to progressive right ventricular (RV) dysfunction. Common symptoms include
shortness of breath, fatigue, weakness, chest pain, and syncope [118]. Physical
findings suggesting PAH include an accentuated pulmonary component of the
second heart sound, an RV third heart sound, a pansystolic murmur of tricuspid
regurgitation, and a diastolic murmur of pulmonary regurgitation [16]. Jugular
venous distension, hepatomegaly, ascites, edema, and cyanosis are findings in
advanced disease. Certain findings on electrocardiogram, such as right axis devia-
tion, RV hypertrophy, RV strain, and right bundle branch block, may point toa
diagnosis of PAH. Electrocardiogram abnormalities are more likely to be found in
severe PAH. A normal electrocardiogram does not exclude PAH. Plain chest radi-
ography can also be helpful in diagnosing PAH if the X-ray demonstrates central
pulmonary artery enlargement, pruning of the peripheral vessels, or enlargement
of right heart chambers. A chest radiograph may be helpful in distinguishing other
causes of PH if interstitial lung disease or pulmonary venous congestion is present.
Similarly, pulmonary function tests can be very helpful in detecting airway disease
or restrictive lung disease that could lead to WHO Group 3 PH. Pulmonary func-
tion testing in patients with SSc-PAH may reveal severe gas diffusion impairment.
Mukerjee et al. noted that a DLCO <50% was 90% specific but only 39% sensitive
in excluding a diagnosis of SSc-PAH [6]. A DLCO/VA <70% or FVC percent/DLCO
percent >1.6 has been considered predictors for the development of SSc-PAH [119].
Pulmonary function testing and CXR or high-resolution CT scanning are helpful in
distinguishing PAH from WHO Group 3 PH associated with ILD. Echocardiography
has been considered a noninvasive alternative to RHC in determining the presence
of SSc-PAH, although certain limitations are recognized. Factors affecting image
quality have been noted to limit the ability to estimate pulmonary artery systolic
pressure accurately in patients who were later confirmed to have PAH by RHC [120,
121]. Right heart catheterization is the gold standard for diagnosis of PAH and is
required to confirm PAH. Right heart catheterization with saline volume challenge
can be helpful in distinguishing WHO Group 2 PH due to abnormal left ventricular
function in systemic sclerosis. Several algorithms have been proposed that rely on
various combinations of symptoms, physical exam findings, biomarkers, PFTs, and
findings on echocardiography to determine which patients warrant definitive study
with right heart catheterization [10, 16, 120, 122, 123].

A screening algorithm including assessment of symptoms, Doppler echocar-
diography, and right heart catheterization was studied in a French prospective
multicenter study by the Itinerair-Scleroderma Investigators Group that enrolled
599 patients with scleroderma [120]. The study was limited to patients without
significant pulmonary function abnormalities. Patients with a velocity of tricuspid
regurgitation (VTR) > 3 m/s regardless of symptoms and patients with a VTR
2.5-3 m/s with dyspnea were considered at risk for PAH and underwent right heart
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catheterization (RHC). Right heart catheterization confirmed mild PAH in 18 of 33
patients suspected of having PAH based on symptoms and/or Doppler echocardiog-
raphy. Twelve of the 33 patients did not have PAH, and 3 patients were confirmed
to have left heart dysfunction. This algorithm allowed early detection of SSc-PAH;
however a substantial number of patients undergoing RHC did not have PAH.

An alternative screening algorithm was suggested by the Australian Scleroderma
Interest Group (ASIG) that employs N-terminal pro-brain natriuretic peptide
(NT-proBNP) levels and PFT data to predict the presence of PAH [122]. Data to
develop this algorithm were collected from the Australian Scleroderma Cohort
Study, a multicenter study of risk and prognostic factors for cardiopulmonary
outcomes in systemic sclerosis. NT-proBNP levels from SSc patients with confirmed
PAH were compared with a group at risk for PAH (systolic PAP rrg > 36 mmHg,
hemoglobin corrected DLCO <50% predicted, and/or FVC/DLCO percent
predicted >1.6), a group with ILD, and a group of controls with no evidence of
cardiopulmonary complications. NT-proBNP levels were positively correlated with
systolic PAP by transthoracic echocardiogram, mean PAP by RHC, pulmonary
vascular resistance, and mean right atrial pressure. The authors proposed a model
in which patients screened positive when NT-proBNP was >209.8 pg./ml and/or
DLCO was <70.3% with FVC/DLCO >1.82. They noted a sensitivity of 100% with
specificity 77.8% for SSc-PAH but acknowledged a need for prospective validation
of the model.

A third screening algorithm was employed in the DETECT study, a multina-
tional, cross-sectional investigation of factors in SSc patients that could serve to
detect PAH at an earlier stage [10]. A broad range of variables (112 in total) pertain-
ing to standard demographic and clinical characteristics, serum tests, electrocar-
diography, and echocardiography were examined in patients with a diagnosis of
systemic sclerosis for more than 3 years, a predicted DLCO <60%, and a predicted
FVC > 40%. About 466 patients underwent RHC and 87 (19%) were confirmed to
have WHO Group 1 PAH. Univariate and multivariate analyses were used to select
the variables with best discriminatory power for predicting PAH. These variables

Resting echocardiography is recommended a3 3 wereening test in asymplomatic patients with systemic sclenosis,

A combined approach (including blomarkers, PFTs and echocardiography] should be considered to predict PH in
systemic sclerosis,

Initial screening wing the stepwise DETECT algorithm may be considered in adult systemic scherosis patients
with » 3 years disease durathon and a DLOO « 60% predicted.

Annual screening with echocardiography, PFTs and biomarkers may be considered In patlents with systemic
scherosis,

Systemic sclerosis patients with a mean PAP ranging from 21 to 24 mmHg should be dosely monitored, because
of & higher risk of PAH.

Exercise echocardiography is nol recommended to predict PH in high risk populations.

Adapted from:  Galie N, Humbert B, Vachlery b-Let al. 2015 ESC/ERS Guidelines for the diagnosis and treatment of
pulmanary hypertensicn. Eur Meart ) 2008 I01): 67-119

Table 3.
2015 ESC/ERS recommendations for pulmonary arterial hypertension screening in systemic sclerosis.
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were incorporated in a two-step algorithm. Six non-echocardiographic variables
were used in Step 1 to recommend echocardiography (FVC % predicted/DLCO %
predicted, current/past telangiectasias, serum anti-centromere antibody, NT-pro
BNP, serum urate, ECG with right axis deviation), and a decision to recommend
RHC in Step 2 was based on right atrial area and velocity of tricuspid regurgitation
(VTR). Complete Step 1 data were available for 356 patients. About 52 patients did
not meet Step 1 criteria for referral to echocardiography. Of these, two patients
(4%) were determined to be false PAH negative. Complete Step 2 data were avail-
able for 267 patients. About 69 patients did not meet Step 2 criteria for referral to
RHC. Of these, one patient was determined to be false PAH negative. Of the 198
patients referable for RHC, 69 were true PAH positive. The overall sensitivity of this
algorithm was 96% with a specificity of 48%, a 62% rate of referral for RHC, and a
4% false PAH negative rate.

Summary recommendations for PAH screening in systemic sclerosis from the
2015 European Society of Cardiology/European Respiratory Society (ESC/ERS)
Guidelines for the Diagnosis and Treatment of Pulmonary Hypertension are sum-
marized in Table 3. The guidelines support a combined approach incorporating
biomarkers, PFTs, and echocardiography for baseline screening in patients with
systemic sclerosis. Annual screening with these indicators should be considered
for all patients with systemic sclerosis. Systemic sclerosis patients with a mean
PAP from 21 to 24 mmHg should continue to be monitored closely for progression.
Exercise echocardiography has been used for early detection of PAH in systemic
sclerosis [124, 125]; however the ESC/ERS do not recommend this approach. A
summary diagnostic algorithm is provided in Figure 3.

5. Treatment

Asunderstanding of the pathogenesis of PAH has evolved over the past two
decades, a number of medical therapies have been developed that improve exercise
capacity, hemodynamics, quality of life, and survival. Treating PAH has become a
complex exercise now that there are multiple agents that can be employed alone or in
various combinations. It is important to remember that PAH is a progressive disease
process, and any treatment plan requires ongoing monitoring and adjustment if
treatment goals are not being met. Although far fewer patients with PAH require lung
transplantation in the era of targeted medical therapy, there are those who progress
even on maximal medical therapy leaving transplantation as their last viable option.

The treatment of pulmonary arterial hypertension involves not only selection of
appropriate agents for inclusion in a treatment plan but an ongoing process of assess-
ment of patient characteristics that should determine the selection of medications.
The concept of using a risk assessment tool to aid selection of appropriate agents for
treatment was introduced in 2006 based on studies showing correlation between
clinical characteristics of disease and survival [104]. For instance, 6 MW, FC, and
certain hemodynamic measures were shown to directly correlate with prognosis.
These findings were used to develop a tool to evaluate a patient’s risk of early death.
Patients could be categorized as low or high risk of rapid progression to death, and
treatment agents could be selected based on the level of risk in order to modify the
course of disease and extend survival. This concept further evolved with the develop-
ment of a risk calculator using data from the American REVEAL Registry [126, 127].
The REVEAL Registry was a 3-year longitudinal registry of 2967 WHO Group 1 PAH
patients with data collected pertaining to the clinical characteristics, evaluation,
treatment, and outcomes. Data from this registry was used to develop a user-friendly
algorithm to determine a patient’s risk of demise in the short term. Most recently,
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the ESC/ERS further refined the characteristics used to assess risk of progression in
PAH and presented criteria that classified patients as low, moderate, or high risk of
progression to near-term death (Figure 2). Using the ESC/ERS risk assessment algo-
rithm, patients categorized as low risk have an estimated 1-year mortality <5%. Those
within the intermediate-risk group have an estimated 1-year mortality of 5-10%, and
those in the high-risk group have an estimated 1-year mortality >10%.

5.1 Risk assessment

Following the accurate diagnosis of PAH (Figure 3), a careful assessment of
severity of disease should be completed before deciding on specific treatment
options. This assessment is critical at the outset of treatment, but it remains an
important part of ongoing patient management. Given that PAH can progress
rapidly, even on therapy, it is necessary to complete a reevaluation of severity of ill-
ness and risk stratification periodically several times a year. If patients show signs of
deterioration in their clinical parameters, treatment plan adjustments are in order.

5.1.1 Functional capacity

Assessment of the severity of illness begins with an understanding of symptoms
and functional capacity. Patients who present symptoms, such as shortness of
breath, fatigue, or edema, that have developed and worsened over a short period
of time are at higher risk of early death. Further, those with overt signs of right
heart failure, such as edema, ascites, cyanosis, or syncope, are in a high-risk group
requiring urgent attention. The World Health Organization functional class (FC)
is a valuable indicator of severity of illness and has been shown to correlate with
survival [128, 129]. Patients are classified in four groups (FC 1-4) based on degree
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Figure 2.
ESC/ERS risk assessment in pulmonary arterial hypertension (estimated risk for 1-year mortality).
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Figure 3.
Algorithm for the diagnosis of pulmonary arterial hypertension.

of functional impairment (Table 4). Patients who have FC 3 or 4 functional impair-
ment are considered high risk; a goal of any treatment plan is to achieve FC 1 or 2
functional capacity [16]. Although functional class has been shown to correlate well
with survival prognosis, it is a subjective measure of symptoms which is subject to
interpretation by the healthcare provider [130]. Another important indicator of
illness severity is the 6 min walk (6 MW) test [131]. The 6 MW test is a submaximal
exercise test that is easy to perform in the outpatient or inpatient setting. The 6 MW
test has been shown to correlate with survival and has served as a primary endpoint
in the majority of clinical investigations leading to today’s therapeutic options [132,
133]. Six-min walk distance has been shown to correlate with pulmonary pres-

sures and represent a direct predictor of mortality in SSc-PAH [131]. The ESC/ERS
Guidelines suggest that patients who can ambulate >440 m have better survival
prognosis and are an appropriate goal to target when making treatment decisions
[16]. The 6 MW test does have limitations with its reliability being challenged

by factors such as age, gender, weight, comorbid conditions, and the individual’s
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Class Funtional capacity

| Fatient with pulmonary hypertension but without resulting limitatians of
physical activicy. Ordinary physical activity does not cause undua fatigue
of dyspnea, chesl pain, ar syncope.

] Patiant with pulmonary hypartension resulting in slight limitation of
physical activity, Patient is camfortzble at rest.  Ordinary physical activity
results in Fatigue or dyspnea, chest pain or syncape.,

] Patiant with pulmonary hypartension resulting in marked limitation of
physical activity,  Patient is comTortable at rest, Less than ardinary
physical activity causes undue fatigue or dyspnea, chest pain or syncope,

I Fatient with pulmonary hypartension resulting in inability o carey on any
physical activiny withaut symptams,  Patient with signs of right heart
failure. Dyspnea and/or fatigue may occur even at rest.

Table 4.
The World Health Organization (WHO) functional class.

motivation. Cardiopulmonary exercise testing (CPET) is often employed to evalu-
ate exercise capacity in this population. CPET can provide important information
about general exercise capacity, as well as more detailed information about gas
exchange, ventilation, and cardiac function during exercise. Patients with PAH will
demonstrate exercise limitation characterized by low end-tidal partial pressure of
carbon dioxide (pCO,), high ventilation equivalents for carbon dioxide (VE/VCO,),
low oxygen pulse (VO,/HR), and low peak oxygen uptake (peak VO,) [134, 135].
These parameters have been included in the ESC/ERS risk assessment algorithm.
Peak VO, > 15 ml/min/kg or greater than 65% predicted and a VE/VCO, slope < 36
portend a more favorable prognosis and represent goals of targeted therapy [136].

5.1.2 Echocardiography and hemodynamics

Echocardiography is not only a valuable screening tool for detecting the presence
of pulmonary hypertension, but it plays a role in assessing severity of illness and
response to treatment. The measurement of pulmonary artery pressure (PAP) by
echocardiography is not a reliable prognostic indicator, nor does it accurately reflect
progression or improvement in pulmonary vascular resistance [121, 128]. The
absence of tricuspid regurgitation and/or poor image quality limits the ability to
determine systolic PAP by echocardiography in 20-39% of patients [121]. The value
of echocardiography in assessing severity of illness lies in measurement of chamber
sizes, assessment of right ventricular (RV) function, and the presence or absence
of pericardial effusion which is considered a reflection of RV failure. A complete
echocardiographic assessment in the PAH patient would include description of right
atrial (RA) and RV dimensions, measurement of tricuspid regurgitant velocity, left
ventricular (LV) eccentricity index, and RV contractility [137, 138]. RV contractil-
ity can be determined from RV longitudinal systolic strain/strain rate, RV fractional
area change, Tei index, or tricuspid annular plane systolic excursion (TAPSE) [137,
139]. Echocardiography with exercise may provide useful information about RV
function. An increase in estimated PAP by >30 mmHg during exercise indicates
better RV reserve associated with better long-term outcome and is considered an
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independent marker of prognosis in PAH [140]. A right atrial area < 18 cm’ with

no evident pericardial effusion are indicators for favorable prognosis or treatment
outcome [16]. Additional information about prognosis or treatment effect can be
gained from right heart catheterization and hemodynamic measurements. As in the
case of echocardiography, PA pressure is of little value. Cardiac index, RA pressure,
and mixed venous oxygen saturation have been shown to have the greatest prog-
nostic significance [128, 129]. Goals of therapy that are associated with favorable
prognosis include CI > 2.5 L/min/m?, RA pressure < 8§ mmHg, and SvO2 > 65% [16].

5.1.3 Biomarkers

There are a number of biomarkers of vascular dysfunction, inflammation,
cardiac function, and tissue hypoxia that have been investigated as a specific
marker for pulmonary vascular remodeling [141-144]. Of these, brain natriuretic
peptide (BNP) and NT-proBNP are used in clinical practice and research [145-147].
These biomarkers reflect ventricular wall stress, as seen in volume overload and
ventricular contractile dysfunction, and serve as surrogate indicators of myocar-
dial dysfunction [122, 148]. Either marker is considered an acceptable choice for
assessing severity of illness. BNP has slightly better correlation with pulmonary
vascular hemodynamics and is less likely to be affected by renal function, while
NT-proBNP appears to be a stronger predictor of prognosis [149]. Compared to
BNP, NT-proBNP is more sensitive to early increases in systolic PAP as measured
by echocardiography [150]. BNP levels below 50 ng/L or NT-proBNP levels below
300 ng/L are associated with a more favorable prognosis [16].

5.1.4 Monitoring

Implementation of the prognostic indicators outlined in Figure 2 is variable
among centers providing expert care for patients with PAH. After a treatment plan is
established, patients will typically be reevaluated every 3—4 months depending on sta-
bility of their disease. During early phases of treatment or times when therapy targets
indicate a need to alter the treatment plan, patients are often seen more frequently. It
is not practical to perform all of the measures listed in Figure 3 at every visit. In the
outpatient setting, clinicians tend to rely on assessment of symptoms, physical exam
findings, FC, 6 MW distance, and BNP or NT-proBNP levels to determine severity of
disease at any given point in time. This information may be supplemented periodi-
cally with echocardiography or cardiopulmonary exercise testing. Right heart cath-
eterization is performed initially at diagnosis and in some centers yearly thereafter or
in the event condition deteriorates in those patients with high-risk features. In other
centers repeat hemodynamic measurements are obtained less frequently and typically
if there is an indication the patient’s condition is progressing.

Once the diagnosis is established and severity of illness is defined, decisions
about disease-targeted therapy can be made. Available targeted therapies exert
clinical benefit via the nitric oxide, endothelin, or prostacyclin pathways which
were discussed earlier in this chapter. There are several options that affect each of
these pathways. The choice of therapy for any given patient will depend on severity
of illness and may be further influenced by side effects, safety issues, and in some
cases economic and social support factors.

5.2 Phosphodiesterase 5 inhibitors

The phosphodiesterase 5 (PDE-5) inhibitors effect smooth muscle relaxation
and inhibit proliferation and inflammatory mechanisms by augmenting cyclic
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guanosine monophosphate (cGMP) activity in pulmonary vascular smooth
muscle. As noted earlier in this chapter, patients with PAH have been shown to
have deficient nitric oxide synthase activity in the pulmonary vasculature lead-

ing to a deficiency of nitric oxide production [54]. Nitric oxide is produced by the
pulmonary endothelium and catalyzes the production of cGMP in nearby smooth
muscle cells. PDE-5 degrades cGMP, thus limiting its effect on smooth muscle cells.
The phosphodiesterase 5 inhibitors sildenafil and tadalafil block the degradation of
cGMP, thus permitting beneficial cGMP effects to continue.

5.2.1 Sildenafil

Sildenafil has been shown to improve symptoms, exercise capacity, and hemo-
dynamics in patients with PAH including those with connective tissue disease
(CTD) [151, 152]. It is available as an oral agent prescribed at 20 mg tid. This drug
is generally well tolerated with most common side effects including headache,
flushing, nausea, and nasal congestion, all resulting from vasodilation. The use of
nitroglycerin is contraindicated in patients taking sildenafil due to a risk of severe
hypotension when these drugs are used in combination. Safety during human
pregnancy has not been studied; however no fetal harm has been noted in animal
studies.

5.2.2 Tadalafil

Tadalafil has also proven to have beneficial effects on symptoms, exercise capac-
ity, hemodynamics, and time to clinical worsening in a large randomized clinical
trial involving 405 PAH patients including 95 with connective tissue disease [153].
Tadalafil’s greatest benefit was realized at a dose of 40 mg daily. The drug is well
tolerated with side effects and precautions similar to sildenafil.

5.2.3 Vardenafil

Vardenafil is a third agent within the PDE-5 inhibitor class that demonstrated
significant advantage when comparing 6 MW distance, cardiac index, mean PA
pressure, and pulmonary vascular resistance in patients treated with vardenafil
5 mg twice daily or placebo [154]. The long-term effects of vardenafil in PAH have
not been evaluated, and the drug has not been approved for the treatment of PAH in
the United States.

5.3 Soluble guanylate cyclase stimulators

While the phosphodiesterase 5 inhibitors promote vasodilation and limit
proliferation by preventing the degradation of cGMP, the soluble guanylate cyclase
(sGC) stimulator riociguat interacts directly with guanylate cyclase to stimulate
production of cGMP [54].

5.3.1 Riociguat

Riociguat is the only member of this family in use to date. Riociguat was
studied in two randomized clinical trials, one focused on patients with PAH
(PATENT 1) and included those with CTD [155] and the other patients with
chronic thromboembolic pulmonary hypertension (CTEPH) [156]. Significant
improvements were observed in exercise capacity, FC, time to clinical worsen-
ing, and hemodynamics. Subgroup analysis of the PATENT 1 trial specifically
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evaluating benefit in CTD-PAH revealed improvements in 6 MW, FC, pulmonary
vascular resistance, and cardiac index [157]. Riociguat is an oral therapy with
maximum daily use of 2.5 mg tid. Side effects are similar to those seen with the
PDE-5 inhibitors. In addition, riociguat can induce systemic hypotension and has
been linked to an increased risk of bleeding. It is teratogenic and contraindicated
in pregnancy. Females of childbearing age are required to participate in a Risk
Evaluation and Mitigation Strategy (REMS) program and undergo monthly
pregnancy testing in addition to practicing careful contraceptive measures. This
drug should not be used with nitroglycerin or PDE-5 inhibitors due to the risk of
severe hypotension.

5.4 Endothelin receptor antagonists

Excessive levels of endothelin 1 produced by pulmonary vascular endothelial
cells have been implicated in the vasoconstriction and cell proliferation seen in PAH
[57, 158, 159]. Endothelin binds with two G protein-coupled receptors, type A and
B, located on the smooth muscle cell surface and thereby promotes its physiologic
effects. Type A receptors mediate vasoconstriction, cell growth, and inflammation,
while type B receptors mediate opposing effects including vasodilation and natri-
uresis while inhibiting proliferation and inflammation.

5.4.1 Bosentan

Bosentan was the first targeted oral therapy developed to treat PAH and is
prescribed with a bid dosing schedule. Bosentan has been investigated in patients
with iPAH, PAH associated with CTD, and Eisenmenger syndrome [160-162]. The
drug interacts with both type A and B receptors to effect improvements in exercise
capacity, FC, time to clinical worsening, hemodynamics, and echocardiographic
variables [163]. About 10% of patients treated with bosentan in clinical trials
developed reversible elevations in liver transaminases. Monthly monitoring of
liver function tests is required for patients using bosentan. Other side effects that
can be seen are fluid retention and anemia. Further, this drug is teratogenic and
contraindicated during pregnancy. Females of childbearing age who use bosentan
must enroll in a Risk Evaluation and Mitigation Strategy (REMS) program and are
required to undergo monthly pregnancy testing. They should be counseled to avoid
pregnancy with careful contraceptive practices if sexually active. It is important
to note that hormonal contraceptive effectiveness is reduced by bosentan. It is also
important to note that cyclosporine and glyburide may increase bosentan levels and
increase the risk of liver toxicity.

5.4.2 Ambrisentan

Ambrisentan is a selective endothelin type A receptor blocker which is available
as an oral therapy prescribed for once daily use. This drug has been studied in one
pilot and two randomized clinical trials demonstrating improvements in symptoms,
exercise capacity, time to clinical worsening, and hemodynamics in patients with
iPAH, CTD-PAH, and HIV-associated PAH [164, 165]. The risk of liver function
abnormalities is minimal, and monthly liver function testing is not required for
patients using ambrisentan; however its use is not recommended in patients with
moderate to severe liver dysfunction. Ambrisentan use can be complicated by the
development of edema and anemia. Like bosentan, ambrisentan is teratogenic and
contraindicated during pregnancy. All of the precautions relating to use in females
of childbearing age noted for bosentan are also true for ambrisentan.
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5.4.3 Macitentan

Macitentan is the most recent endothelin 1 antagonist available to PAH patients
as a once daily oral therapy. Like bosentan, macitentan is a dual endothelin receptor
blocker. In contrast to bosentan and ambrisentan, the benefits of macitentan were
realized in a large event-driven investigation involving 742 patients treated for an
average of 100 weeks [166]. Macitentan significantly reduced time from initiation
to a composite endpoint of worsening PAH, initiation of intravenous or subcutane-
ous prostanoid therapy, atrial septostomy, lung transplantation, or death. The study
population included a significant proportion of patients on background therapy
who also experienced significant benefit. Macitentan is well tolerated and, as with
other endothelin antagonists, may be associated with fluid retention or anemia.
Again, this drug is teratogenic and contraindicated during pregnancy. Patients
using this drug should follow the same risk reduction recommendations as noted
with bosentan and ambrisentan.

5.5 Prostacyclin analogues

A deficiency of prostacyclin activity characterizes the dysfunction of the third
major pathway involved in the development of PAH. Prostacyclin is produced by
the pulmonary endothelium, and its bioactive effects include vasodilation of the
pulmonary vascular bed, inhibition of platelet aggregation, and cell proliferation
[167]. A reduction of prostacyclin synthase expression has been recognized in
pulmonary arteries from patients with PAH and is thought to be the central focus of
dysfunction in this pathway [55]. The prostacyclin analogues are available as oral,
inhaled, or systemically administered disease-targeted therapies.

5.5.1 Epoprostenol

Epoprostenol is available for use as a continuous intravenous (IV) infusion.
Epoprostenol has a short half-life of 3-5 min. The original formulation was unstable
at room temperature after about 8 h and required considerable effort to maintain
at cooler temperatures. A newer formulation of the drug is now available that has
extended room temperature stability. Treatment is initiated at a dose of 2-4 ng/
kg/min and titrated upward to reach clinical therapy targets. Patients experience
tachyphylaxis with the continuous infusion, therefore requiring intermittent dose
escalation over time. The maximum beneficial dose of epoprostenol is typically
40 ng/kg/min, although titration may go beyond this point. Epoprostenol has been
shown to improve symptoms, exercise capacity, and hemodynamics in FC 3 and 4
patients with iPAH and SSc-PAH [168-170]. Side effects with epoprostenol can be
pronounced and may include jaw pain, nausea, diarrhea, flushing, and headache.
There is a risk of catheter-related complications including infection and thrombo-
sis. Epoprostenol can cause hypotension when used with other antihypertensives
and may increase risk of bleeding when used in patients taking anticoagulants or
antiplatelet agents. Epoprostenol has been used during pregnancy without evidence
of fetal harm to date. Given the short half-life of epoprostenol, an infusion of this
drug should not be discontinued abruptly due to the risk of rebound pulmonary
vasoconstriction and death.

5.5.2 Treprostinil

Treprostinil is an analogue of epoprostenol available in systemic, inhaled,
and oral formulations. The systemically infused form of treprostinil is stable at
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room temperature, has a half-life of 3-4 h, and can be administered by continuous
subcutaneous (SC) or IV infusions. Dosing typically begins with 1-2 ng/kg/min
with gradual dose escalation to achieve clinical target goals. Side effects are similar
to epoprostenol. Additionally those patients using the subcutaneous formulation
may experience significant infusion site pain. Several topical analgesic prepara-
tions are available that can successfully control local infusion site pain. As is the
case with epoprostenol, patients develop tachyphylaxis requiring dose escalation

to maintain clinical benefit. The usual effective dose is 20-80 ng/kg/min, although
dosing can extend well beyond this range. Treprostinil was first studied in its
continuous SC formulation. A randomized clinical trial of 470 patients treated with
SC treprostinil, including 17% CTD patients, revealed improvements in exercise
tolerance and hemodynamics [171, 172]. Dose titration was limited by side effects,
including infusion site pain, and as such benefits were noted in those patients
achieving higher doses >13.8 ng/kg/min. Later treprostinil was approved for use as a
continuous IV infusion. Treprostinil can be administered in an inhaled formulation
with a specialized nebulizer four times daily. This formulation is very well toler-
ated with most commonly reported effects including mouth soreness, cough, and
headache. Tachyphylaxis does not develop due to intermittent dosing. Some patients
may notice recurrence of PAH symptoms as effect wanes between treatments. In
arandomized clinical trial of inhaled treprostinil added to background therapy
with bosentan or sildenafil, there were improvements in 6 MW, NT-proBNP levels,
and quality of life measures [173]. More recently, treprostinil has been offered in

an oral formulation that is taken by either bid or tid scheduled dosing. Although
intermittent dosing is employed in the treatment of patients with oral treprostinil,
dose escalation over time helps achieve and maintain clinical target goals. The use of
oral treprostinil can be complicated by significant gastrointestinal side effects, such
as nausea, anorexia, and diarrhea. In a randomized clinical trial of treatment-naive
PAH patients, oral treprostinil use was associated with improvement in 6 MW dis-
tance [174]. Treprostinil can cause hypotension when used with other antihyperten-
sives and may increase risk of bleeding when used in patients taking anticoagulants
or antiplatelet agents. Parenteral and inhaled treprostinil safety during pregnancy
has not been studied in humans but did not lead to fetal harm in animals, and as
such they have Category B designations. Oral treprostinil has been associated with
adverse fetal effects in animal studies and is designated Category C. Continuous

IV therapy carries a risk of catheter-related complications including infection and
thrombosis. Oral treprostinil use is contraindicated in patients with Child-Pugh
Class 3 hepatic impairment. Treprostinil should not be discontinued abruptly due to
the risk of rebound pulmonary vasoconstriction and death.

5.5.3 Iloprost

Iloprost is a stable analogue of prostacyclin that is also available in IV, inhaled,
or oral formulations. Oral iloprost has not been evaluated for use; however, both
the IV and inhaled forms have been used in Europe, and the inhaled form has been
approved for use in the United States. The inhaled formulation is administered
with a specifically designed handheld and portable nebulizer device. This form of
iloprost is used by nebulization 6-9 times a day at a dose of 2.5-5 ug/inhalation. The
effect lasts from 30 to 90 min. The intermittent dosing eliminates the development
of tachyphylaxis. Improvements in symptoms, exercise capacity, and pulmonary
vascular resistance were observed in a clinical trial in which iloprost was compared
with placebo in patients with PAH and CTEPH [175]. The effect of IV iloprost
was noted to be similar to epoprostenol in a small group of patients with PAH and
CTEPH [176]. The inhaled drug is well tolerated with most frequent side effects
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being cough, flushing, and jaw pain. Inhaled iloprost can cause hypotension and
should be avoided or used cautiously in patients with relative hypotension.

5.6 Prostacyclin receptor agonist

The development of the prostacyclin receptor agonist class of disease-targeted
therapies represents a new approach to treating PAH. Although the prostacyclin
receptor agonism of this new class is similar to that of prostacyclins, the receptor
interaction is selective for the IP receptor. The established prostanoid receptors
in the human pulmonary artery are the IP, EP3;, and TP receptors. The IP receptor
mediates vasodilation and inhibits proliferation, while the EP; and TP receptors
may promote vasoconstriction and cell proliferation [177-179].

5.6.1 Selexipag

Selexipag is a selective IP receptor agonist that is structurally distinct from
prostacyclin with an active metabolite that is 37-fold more potent. Selexipag is
prescribed for oral BID dosing beginning with 200 mcg bid and titrating to a maxi-
mal dose of up to 1600 mcg bid. The target treatment dose for individual patients
is determined by the development of side effects limiting further dose escalation.
Selexipag reduced the risk of reaching a composite morbidity and mortality (wors-
ening PAH resulting in need for atrial septostomy or lung transplantation, initiation
of parenteral prostanoid therapy or chronic oxygen therapy, hospitalization for
PAH, other indication of disease progression, or death) by 40% in a large placebo-
controlled, event-driven trial including 1156 patients [180, 181]. At baseline, 80%
of patients were being treated with stable doses of an endothelin blocker, a PDE-5
inhibitor, or both. A subgroup analysis of 334 patients with connective tissue
disease-associated PAH (170 SSc, 82 systemic lupus, 82 mixed or other) revealed
a similar 41% reduction in risk of the composite morbidity and mortality events
[182]. Further the treatment effect was consistent regardless of background PAH
treatment or connective tissue disease subtype. Commonly reported side effects
include headache, nausea, diarrhea, flushing, myalgia, and arthralgia.

5.7 Combination therapy

Despite observations from clinical trials that individual therapeutic agents
can improve exercise capacity, time to clinical worsening, and hemodynamics,
pulmonary arterial hypertension remains a progressive disease that is difficult
to control. The progressive nature of this disease process in patients treated with
monotherapy has fostered the practice of combining agents to limit progression.
One approach has been the sequential addition of agents affecting the three known
pathophysiologic pathways. In this approach an agent affecting one of the path-
ways is chosen to begin monotherapy and if clinical response is inadequate, one or
more agents affecting the other pathways are added until desired clinical benefit is
achieved. Upfront combination therapy has become a more contemporary approach
to managing pulmonary arterial hypertension. This approach to treating PAH
was conceived from experience with the treatment of other disease states, such as
cancer or congestive heart failure, with agents affecting multiple mechanisms of
disease upfront. The upfront combination approach gained momentum with the
AMBITION trial which demonstrated a 50% reduction in composite morbidity/
mortality events in patients treated with an upfront combination of tadalafil and
ambrisentan compared to either agent as monotherapy [183]. This benefit was also
recognized in a subgroup analysis of patients with CTD-PAH and SSc-PAH [184].
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Hemodynamics, RV structure and function, and overall functional status were sig-
nificantly improved in SSc-PAH patient treated with the upfront combination [185].
Investigations of several newer treatments for PAH, such as riociguat, macitentan,
and selexipag, have included significant proportions of patients on background
therapies and have demonstrated added improvements in exercise capacity, func-
tional class, and time to clinical worsening [155, 166, 181]. These studies have fueled
the impetus to include recommendations for combination therapy in contemporary
treatment guidelines [16, 186].

5.8 Nonmedical treatment options

Medical therapy can improve activity tolerance, hemodynamics, and quality
of life and can even improve survival prognosis; however, in some cases PAH will
progress even with aggressive medical therapy. Nonmedical options may include
balloon atrial septostomy and/or lung transplantation. Atrial septostomy may be
beneficial in FC 4 patients with right heart failure or severe syncopal symptoms
who are progressing on maximal medical therapy [187]. Atrial septostomy is also
a consideration as a bridge to lung transplantation when medical therapy fails. An
interatrial right-to-left shunt may decompress the right heart chambers and ulti-
mately improve oxygen transport despite an observed oxyhemoglobin desaturation
[188]. Atrial septostomy is not recommended in end-stage patients with mean RAP
>20 mmHg and a resting room air saturation below 85% [187, 188]. Lung transplan-
tation is also an option for patients with end-stage SSc-PAH failing medical therapy.
In some centers, patients with SSc-PAH may not be offered lung transplantation due
to the risk of aspiration pneumonia related to esophageal disease. However, stud-
ies have shown that survival after lung transplantation is similar in patients with
SSc-PAH and other transplant indications [189]. There has been increasing interest
in stem cell therapy as a treatment option for PAH. Although animal models have
shown some promise, stem cell therapy is not currently a viable option for treat-
ment of human PAH [190].

5.9 Treatment algorithm

The poor survival prognosis associated with SSc-PAH and the availability of mul-
tiple disease-targeted treatment options have fostered the development of algorithms
to guide the treatment decision process. Both the American College of Chest Physicians
[186] and the Joint Task Force for the Diagnosis and Treatment of Pulmonary
Hypertension of the ESC/ERS [16] have published guidelines to aid clinicians in the
treatment of patients with PAH.

5.10 Supportive measures

In addition to a careful risk assessment, choice of appropriate disease-targeted
agent, and close monitoring of treatment effect, there are severe supportive
measures that apply in the management of the patient with SSc-PAH. Patients are
not restricted from physical activity. Physical activity and supervised rehabilita-
tion have been shown to improve exercise tolerance, reduce fatigue, and improve
quality of life [191, 192]. The ESC/ERS Guidelines suggest that patients who are
stable clinically should consider participation in a rehabilitation program at a
center experienced with the management of PAH if possible [16]. Patients with
SSc-PAH should be vaccinated against influenza and pneumococcal pneumonia.
Pregnancy in patients with PAH is associated with a high mortality risk and should
be avoided. If patients with PAH become pregnant, the high risk of complications
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and pregnancy termination should be discussed. Some PAH treatments cause fetal
harm, and patients are required to undergo monthly pregnancy monitoring when
using such therapies. Riociguat and the endothelin antagonists are teratogenic.
Patients using these targeted therapies should be carefully counseled about the
risk of fetal harm and instructed to use at least two barrier methods of contracep-
tion while using these agents. In the event patients do become pregnant, they may
continue PAH therapies that are not considered fetal toxic, such as the prostanoids,
plan an elective delivery, and work closely with a high-risk obstetrical team and
experienced pulmonary hypertension specialist throughout the pregnancy [193].
Patients with PAH are often overwhelmed by the physical limitations, financial
burden, and social impact associated with PAH [194]. Screening for depression

is helpful in identifying patients who could benefit from referral to appropriate
services in the community where help is available to ease the psychosocial burden
of this disease. Genetic counseling may be appropriate for select patients [195]. It
is often helpful for the affected patient and at-risk family members to understand
their mutation status in order to plan for the future. Genetic testing and counseling
should involve a multidisciplinary team including pulmonary hypertension special-
ists, genetic counselors, geneticists, psychologists, and nurses. Elective surgery is
not contraindicated but does carry an increased risk to the PAH patient. Patients
with significantly impaired RV function are at highest risk and should undergo
careful preoperative assessment [196-198]. Epidural anesthesia may be better toler-
ated [199]. Patients using oral therapies may require transition to an intravenous or
inhaled form of therapy until able to take oral medications postoperatively.

6. Conclusions

Pulmonary arterial hypertension is a leading cause of death in patients with
systemic sclerosis. While the pathogenesis of PAH in the patient with systemic
sclerosis bears resemblance to that of idiopathic PAH, there are distinct differences
in genetic predisposition, role of inflammation and autoantibodies, and pathologic
manifestations of disease. Early detection is essential in preventing early demise
from SSc-PAH. Several algorithms have been suggested for screening SSc patients
for PAH. In general, it is recommended that annual screening with biomarkers,
PFTs, and echocardiography be considered in any patient with systemic sclerosis,
even if they are asymptomatic. There are a number of medical therapies available
which have demonstrated benefit in SSc-PAH, as well as iPAH. The importance of
regular monitoring and repeat risk assessment cannot be underemphasized. Lung
transplantation may be an option for those patients who progress on maximal medi-
cal therapy. While the prognosis for SSc-PAH has certainly improved over the past
two decades, continued research into the mechanisms of disease and development
of new treatments will ensure further improvements in quality of life and survival
in the future.
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Abstract

Scleroderma renal crisis (SRC) is classical renal disease in systemic sclerosis
(SSc). SRC is a relatively rare manifestation, approximately in 5% of patients. In
terms of severity, manifestation in the form of SRC is the most common cause of
acute organ failure. In SSc patients, SRC is defined as a new onset of accelerated
arterial hypertension and rapidly progressive anuric or oliguric renal failure. SRC
is primarily vascular injury with increased activity of the renin-angiotensin activ-
ity. These events lead to release or activation of cytokines and growth factors that
result in the typical proliferative vascular lesions. Successful approach is routine
use of angiotensin-converting enzyme inhibitors in the treatment of SRC (except
prevention) and other advances in renal replacement therapy in SSc management.
It is crucial to detect manifestations of SRC early and to manage appropriately in
collaboration with intensive care medicine, cardiologists, and nephrologists. In
contrast to SRC, clinical presentation of interstitial renal disease is poor, often
without evidence of renal abnormality. Interestingly, other renal manifestations
are glomerulonephritis and vasculitis. These manifestations are associated with
overlapping mechanisms. The objective of this chapter is to focus on actual knowl-
edge about the renal involvement in SSc and current treatment principles and
possibilities.

Keywords: kidney, systemic sclerosis, scleroderma renal crisis, glomerulonephritis,
diagnosis, management

1. Introduction

Systemic sclerosis (SSc) leads to morbidity and mortality through a combination
of inflammation, fibrosis, and vascular damage leading to internal organ compli-
cations affecting the heart, lung, bowel, and kidneys. In SSc, we observe kidney
involvement as three main clinical situations described below.

Most often, SSc causes a range of renal manifestations, which occur in both
subsets of the disease: limited cutaneous (IcSSc) and diffuse cutaneous (dcSSc)
subsets.

As overlaps are often seen in connective tissue diseases, SSc should be associ-
ated with other immunological features of renal disease findings typical for sys-
temic lupus erythematosus (as lupus glomerulonephritis) and ANCA-associated
vasculitis/glomerulonephritis.
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Scleroderma renal crisis (SRC) is a dramatic and classical scleroderma mani-
festation, historically known as dominant cause of scleroderma-related death.
Currently, the leading causes of death in scleroderma are pulmonary fibrosis and
pulmonary arterial hypertension [1]. Regardless, one-year SRC outcomes remain
poor, with over 30% mortality and 25% of patients remaining dialysis-dependent.

To make the summary complete, possible drug-related adverse events including
from toxic renal involvement to renal acute renal failure must be mentioned.

2. Scleroderma renal crisis
2.1 Epidemiology

SRC occurs usually in early dcSSc (11%), as compared to patients with 1cSSc
(4%) [2, 3]. SRC is more common in rapidly progressing disease, SRC was previ-
ously reported up to 25% of SSc, but over time, it was found that incidence of renal
crisis appeared to have decreased since improvement of early diagnostics [1].

Historically, study of Steen and Medsger [4] presented change of mortality causes
during 1972-2002 years. This study showed that SRC as the cause decreased from 42
to 6% of SSc-related deaths, while the proportion of other causes of death increased:
pulmonary fibrosis rose from 6 to 33% and pulmonary arterial hypertension from 22
to 28%. Large data were obtained prospectively followed in the EULAR Scleroderma
Trials and Research (EUSTAR) cohort. The EUSTAR database was inaugurated in
June 2004 and represents a multinational, prospective, and open SSc cohort [5].
According to EUSTAR data, SSc-related deaths include pulmonary fibrosis 19%,
pulmonary arterial hypertension 14%, arrhythmia 6%, heart failure 7%, and SRC
4%. Non-SSc-related deaths in total 4% include infection 13%, malignancy 13%, and
cardiovascular 12%. Renal causes accounted for the death of 10 patients (4%), all due
to renal crisis. Renal crisis was fatal in 16% of all patients experiencing renal crisis [5].

2.2 Pathogenesis of scleroderma renal crisis
Pathogenesis is characterized by series of insults (Figure 1):

* Changes in intima and endothelium: Initially, there is injury to the endothelial cells
with intimal thickening and proliferation in the arcuate and interlobular arteries [6].

o Absence of inflammation: There is a notable absence of inflammatory cells (lym-
phocytes and monocytes) in the renal vasculature [6].

* Vascular injury: Platelet factors are released causing increased vascular perme-
ability, fibrin deposition, and collagen formation, which lead to further luminal
narrowing [6].

* Renal ischemia: Narrowed renal arterioles decrease renal cortical blood flow [6].

* Activation of venin: Renal ischemia and episodic renal vasospasm “renal Raynaud
phenomenon” contribute to decrease of blood flow. Decreased renal blood flow
causes hyperplasia of the juxtaglomerular apparatus and release of renin [6].

* Secondary small vessel changes: endothelial injury is associated with thrombus

formation. Intravascular thrombi and mucoid intimal edema may be seen
in renal histology. Small vessel thrombi are more abundant than glomerular
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Figure 1.
The mechanisms in the pathogenesis of SRC. Adapted from Steen et al. [8].

thrombi (unlike the pathology seen in hemolytic-uremic syndrome and throm-
botic thrombocytopenic purpura) [7].

2.3 Renal histopathology

Histopathological findings of SRC are more frequently manifested by severe
involvement of small arteries and arterioles. Early vascular changes are character-
ized by intimal accumulation of myxoid material in the interlobular and arcuate
arteries, which results in severe luminal narrowing (Figure 2). Sometimes micro-
thrombi are developed in the affected vessels and fragmented red blood cells can be

Figure 2.
Early vascular changes are characterized by intimal accumulation of pale myxoid material in the small artery,
which results in severe luminal narrowing (Methenamine-silver stain).
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Figure 3.
Two types of glomerular injury associated with scleroderma renal crisis. Ischemic collapse of glomerulus with
wrinkling of glomerular basement membrane corresponds to arterial stenosis.

Figure 4.
Two types of glomerular injury associated with scleroderma renal crisis. Thrombotic microangiopathy

with occlusion of outgoing arteriole is characterized by the congestion and hemorrhagic necrosis of the tuft
(Methenamine-silver stain).

Figures.
Prominent intimal concentric lamination within an interlobular artery (arterial onion skin lesion) with
irveversible reduction of the arterial lumen (Methenamine-silver stain).
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seen in vessel wall. Microthrombi in arterioles can also progress to the glomeruli.
When the arterioles incoming to glomeruli are predominantly affected, the mor-
phological features in glomeruli are characterized by ischemia with wrinkling of
glomerular basement membrane and ischemic collapses of glomeruli (Figure 3).
When microthrombi are developed mainly in outgoing arterioles, the correspond-
ing pathology is severe congestion and hemorrhagic necrosis of the tufts (Figure 4).

Later arterial injury is characterized by change of edematous mucoid intima to
the concentric lamination and so called onion skin lesion (Figure 5) with significant
luminal reduction. In glomeruli, the lesion is represented by double contouring of
glomerular basement membrane (as a result of prolonged or repeated endothelial
injury) and segmental or global sclerotic lesions.

Because blood supply in the kidney is represented by end vessels without collat-
erals, each area of kidney tissue after arterial luminal narrowing must suffer from
severe ischemia or even tissue necrosis. In histopathology, pronounced ischemia
leads to tubular injury in the intersticium and tubular atrophy with interstitial
fibrosis in the course of time.

Since none of these findings are specific for SRC, the pathological diagnosis
must be supported by appropriate clinical and serological data [9].

Histopathology: with courtesy of Eva Honsova, MD., PhD. Department of
Pathology IKEM, Prague.

2.4 Definition, diagnosis, and classification

SRC is defined as new onset of accelerated arterial hypertension and rapidly
progressive oliguric renal failure during the course of SSc. There are differences
between the criteria used to define SRC [1]. Occasionally, more modest elevations in
blood pressure and renal dysfunction and at times normotensive presentations were
found [9, 10]. The diagnosis is complicated in the case of malignant hypertension
with absence of kidney impairment.

SRC was defined in a minority of studies and criteria were heterogeneous [10].

It is a problem to establish criteria for SRC, because the clinical spectrum of SRC is
broad, ranging from accelerated hypertension to normotensive patients 7% [10].
Arterial hypertension is a typical symptom in SRC accompanied by classical compli-
cations such as hypertensive encephalopathy, retinopathy, congestive heart failure,
hemolysis, etc. Diagnosis of SRC in patients without pre-existing SSc diagnosis and in
normotensive SRC patients is difficult, mainly in the absence of renal biopsy [10, 11].

Only one study up to now has partially validated criteria for SRC (Table 1) [8].

It was proposed by experts in 2003. It included items for systolic and diastolic blood
pressure, serum creatinine, proteinuria, hematuria, microangiopathic hemolytic ane-
mia, and renal histopathology. These are known as the Ancona criteria for SRC [8].

Recently, the Scleroderma Clinical Trials Consortium (SCTC) and Scleroderma
Renal Crisis Working Group generate a core set of items to develop classification criteria
for SRC using Delphi methodology. The final core set of items to develop classification
criteria for SRC contains domains: blood pressure arise, kidney impairment, hema-
tological changes, thrombotic microangiopathy, and organ dysfunction. A consensus
definition of SRC is urgently needed to standardize data collection on SRC [9].

Novel concepts of SRC classification included the stratification of SRC:

* definite SRC: defined as at least two of: new onset hypertension, microangio-
pathic hemolytic anemia (MAHA), and rising creatinine

* subacute forms of SRC: such as hypertension, renal insufficiency, and renal sedi-
ment changes in the absence of microangiopathic hemolytic anemia [9, 10]
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SRC is defined as following, requiring both:

A new onset of blood pressure >150/85 mm Hg obtained at least twice over a consecutive 24-hour period.
This blood pressure is chosen because it is defined by the New York Heart Association as significant
hypertension.

Decrease in the renal function as defined by a decrement of at least 10% in the estimated GFR (eGFR) or
GFR of <90 (mL/min/1.73 m”. When possible, a repeat serum creatinine and recalculation of the GFR should
be obtained to corroborate the initial results.

In order to corroborate further the occurrence of acute renal crisis, it would be desirable to have any of
the following, if available:

new onset of urinary red blood cells (excluding other causes)

flash pulmonary edema

oliguria or anuria

microangiopathic hemolytic anemia on blood smear

retinopathy typical of acute hypertensive crisis

renal biopsy with typical features including onion skin proliferation within the walls of internal arteries
and arterioles, fibrinoid necrosis, and glomerular shrinkage

Notes

« Cases of typical SRC histological appearance have been associated with scleroderma in the absence of
hypertension; these cases of normotensive SRC are reported to have a particularly poor outcome, and
their precise relationship to the more typical hypertensive SRC is not known. Normotensive SRC was
observed in glucocorticoid scleroderma users.

* Up to one fifth of cases of SRC with hypertension have been identified as the presenting feature of
systemic sclerosis, and so, in these cases, pre-existing diagnosis of systemic sclerosis will not be present.

SRC, scleroderma venal crisis; GFR, glomerular filtration rate.

Table 1.
Clinical criteria for definition of scleroderma venal crisis [1].

New concept also includes the addition of ACE inhibitor responsiveness as a
characteristic of hypertension (in probable SRC) and the addition of more specific
time frames for measurement of blood pressure (taken twice, 2 hours apart, within
3 days of first event-associated observation) [10].

In addition to heterogeneity and rarity, the absence of a gold standard and clas-
sification criteria are important challenges for research on SRC. The development
of new criteria is important to improve the definition of normotensive SRC. In this
case, performing kidney biopsy and examination of biomarkers (including anti-
RNA III polymerase) are important and promising.

2.5Role of kidney biopsy in diagnosis of scleroderma renal crisis

Kidney biopsy is not mandatory for diagnosis of SRC. In patients at risk of
SRC with its typical clinical presentation, kidney biopsy is usually not performed.
However, it should be considered in all patients with atypical presentation and
findings, especially in normotensive patients, patients with ANCA positivity, severe
proteinuria, and nephrotic syndrome.

In most patients, we cannot perform kidney biopsy immediately as severe
hypertension and frequently present thrombocytopenia significantly increase the
risk of bleeding. Biopsy is usually performed within a few days after blood pressure
correction and is done with reasonably low risk in patients with blood pressure
below 160/90 mmHg and thrombocyte count above 100 x 10°/1.

46



Renal Involvement in Systemic Sclerosis
DOI: http://dx.doi.org/10.5772/intechopen.87187

2.6 Predictive and risk factors

Identification of SRC predictive factors (before the development of SRC) is
essential (Table 2). The vast majority of SRC cases (75-80%) occur in patients
with diffuse skin involvement, i.e., skin scleroderma proximal to knee and elbow
(dcSSc patients), and rapid progression of skin thickening has been shown to be
associated with the development of SRC [12]. Arthritis, palpable tendon friction
rubs, swollen fingers, and distal parts of hands are routine syndrome in patients
with early dcSSc [13]. Tendon friction rubs were confirmed to be an independent
predictor of SRC (HR: 2.33) [14].

SRC starts early, most often less than 4 years after the first SSc symptom,
although SRC patients have minimal or even no skin changes at the time of the
diagnosis of SRC. Males are proportionately more frequently affected than
females [15].

On the other hand, patients previously called as CREST (calcino-
sis, Raynaud phenomenon, esophageal dysmotility, sclerodactyly and
Telangiectasia) rarely develop SRC. These patients are subgroup of 1cSSc
fundamentally [12].

When talking about risk factors of death, a history of renal crisis (HR
2.89), presence of proteinuria (HR 3.09), elevated acute phase reactants (HR
1.79), elevated creatine kinase (HR 1.73), and muscle weakness (HR 1.55) were
associated with decreased survival [5, 16]. On the other hand, since the intro-
duction of ACE inhibitors, renal crisis appears to have become an increasingly
less frequent terminal event [4]. In EUSTAR cohort, except one individual, all
patients dying from renal crisis were on an ACE inhibitor at the time of death.
Prednisone equivalents above 15 mg daily have been implicated in exacerbating
SRC [5].

Several retrospective studies suggest that glucocorticoids are associated with a
higher risk of SRC. Blood pressure and renal function should be carefully moni-
tored in patients with SSc treated with glucocorticoids [17]. Evidence regarding the
impact of steroid use on the development of SRC comes mainly from retrospective
studies, most of which showed significant association between steroid exposure and
the occurrence of SRC [11, 15, 18-22].

A retrospective analysis including 140 patients with SRC showed that high
doses of steroids (prednisone >30 mg/day) were used frequently in patients with
SSc with normotensive SRC (64%) as compared with those with hypertensive
SRC (16%) suggesting an association between the use of high-dose steroids and
the risk of normotensive SRC, which is associated with worse prognosis [11].

Glucocorticoids are routinely used for the management of interstitial lung
disease, puffy fingers, and skin involvement. These indications are not recom-
mended (because of insufficient evidence of efficacy); however, the experts
recognize their use in everyday practice in the management of inflammatory
manifestations such as musculoskeletal involvement (arthritis, tendonitis,
myositis—in overlap with idiopathic inflammatory myopaties), pericarditis,
pleuritis (in overlap with SLE), nonspecific symptoms such as skin itching/burn-
ing, fatigue, and appetite (with empiric basis) [17, 23]. Considering the potential
risk of SRC associated with steroid use, the experts recommend that patients
with SSc treated with steroids should be carefully monitored with respect to the
development of SRC [17].

It can be summarized that glucocorticoids have a very narrow or no therapeutic
opportunity in SSc.
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SRC patient-specific characteristics

Race—Dblack
Gender—male sex

SSc characteristics

Short course of SSc

Diffuse cutaneous systemic scleroderma
Modified Rodnan skin score (>14 or 20)
Musculoskeletal contractures

Tendon friction rubs

Pitting scars on finger tips
Cardiopulmonary manifestation

Heart failure

Pericarditis

FVC <75% expected value

DLCO low/decrease

Muscle involvement

Muscle weakness

Higher creatine kinase level

Myalgias or myopathy
Arthritis/Arthralgias

Genetics and biomarkers

Anti-RNA polymerase III presence
Anti-RNA polymerase I/II/III presence
ELISA anti-RNA polymerase III >157 IU
Anti-centromere absence

Anti-nRNP presence

ANA speckled immunofluorescence
lipocalin-2 high levels [24]

sCD147 high levels [25]

angiogenin high levels

endothelin-1 high levels
HLA-DRB1*0407

HLA-DRB1*1304

Risk factors developed during SSc

Skin changes acceleration
Hemoglobin, thrombocyte decrease
Cardiac involvement—new
Pericarditis

Congestive heart failure

Drugs

Cocaine [26]

Glucocorticoid treatment
Cyclosporine A

Absence of calcium channel blocker

Factors without evidence of SRC risk

Previous blood pressure arise

Abnormal dip-stick and light proteinuria

Chronic elevation of serum creatinine

Presence of antibodies: anti-topoisomerase, anti-centromere

SRC, scleroderma venal crisis; SSc, systemic sclerosis; FVC, forced lung vital capacity; DLCO, diffusing capacity for
carbon monoxide; RNA, ribonucleic acid; ELISA, enzgyme-linked immunosorbent assay; nRNB, nucleic ribonucleic
protein; ANA, antinuclear antibodies; HLA, human leucocyte antigen.

Table 2.
Clinical and laboratory predictors of scleroderma venal crisis and worse outcome. Adapted from Bose et al. [6].
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2.7 Clinical manifestation of scleroderma renal crisis
2.7.1 Early symptoms

Sometimes SRC symptoms are nonspecific, for example, fatigue or not feeling
well. Typically, patients complain of severe headache, blurred vision, or other
encephalopathic symptoms with the onset of accelerated hypertension. Seizures
may be also an early finding [1].

2.7.2 Blood pressure

Most patients have striking increase of blood pressure at the onset of SRC. Above
90% patients have blood pressure levels >150/90 mm Hg, 30% have diastolic pres-
sure >120 mm Hg, and <10% of SSc have a normal blood pressure. In addition to
thinking about absolute values, clinically important risk factors arise of 30 mmHg
systolic and 20 mmHg diastolic blood pressure (repeatedly measured) [1].

2.7.3 Kidney injury, conditio sine qua non

Acute kidney injury is defined as any of the following: increase in serum creati-
nine by >26.5 pmol/L (> 0.3 mg/dl) within 48 hours; increase in serum creatinine
to >1.5 times baseline, which is known or presumed to have occurred within the
prior 7 days, and urine volume <0.5 ml/kg/h for 6 hours. This is the definition of
acute kidney injury from the Kidney Disease Improving Global Outcomes (KDIGO)
guidelines [27].

2.7.4 Cardiopulmonary system

Patients with SRC often present with congestive heart failure presented as
dyspnea, paroxysmal nocturnal dyspnea or pulmonary edema, serious ventricular
arrhythmias, cardiac arrest, or large pericardial effusion [11]. Interestingly, this is
primarily owing to the stress of hypertension on the heart, effects of hyperreninemia,
and fluid overload secondary to oliguric renal failure. Some patients have primary
scleroderma myocardial involvement contributing to these consecutive insults [1].

Acute pericarditis is diagnosed if the patient has at least 2 of the 4 follow-
ing criteria: (1) pericarditis chest pain; (2) pericardial rub; (3) new widespread
ST-elevation or PR depression on electrocardiogram; (4) pericardial effusion (new
or worsening) on cardiac echocardiography [1].

Pulmonary hemorrhage is a rare life-threatening status, which has occurred in
several of SRC patients [10]. Etiopathogenesis is associated with pulmonary edema
and hemorrhagic diathesis. In differential diagnosis, diffuse alveolar hemorrhagia and
acute renal failure were rarely observed in cases of ANCA systemic vasculitis and SSc
overlaps [28].

2.7.5 Target ovgan dysfunction

Typically, hypertensive retinopathy (hemorrhages, hard and soft (cotton wool)
exudates, and/or disc edema, not attributable to other causes), confirmed by an
ophthalmologist, is observed. Hypertensive encephalopathy is characterized by
headache, altered mental status, seizures, visual disturbances, and/or other focal
or diffuse neurologic signs not attributable to other causes. Acute congestive heart
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failure is characterized by typical symptoms (e.g., breathlessness, ankle swelling,
and fatigue) that may be accompanied by signs (e.g., elevated jugular venous pres-
sure, pulmonary crackles, and peripheral edema) [1, 6].

2.8 Laboratory findings
2.8.1 Autoantibodies

Antinuclear antibodies (ANA) are hallmark of connective tissue diseases. In
case of Raynaud phenomenon, puffy fingers, nailfold capillaroscopy finding
with typical microvascular changes, and ANA can alert to the very early diagno-
sis of SSc and may determine etiology of malignant hypertension. ANA are seen
in 95% of SSc.

The presence of scleroderma-specific antibodies may confirm SSc diagnosis,
anti-topoisomerase I predicts diffuse SSc, but only 10% of SRC has anti-topoisom-
erase I positivity [6, 29] (Figure 6).

Anti-RNA polymerase III is a scleroderma-specific antibody and is seen only in
diffuse scleroderma. About 24-33% of these patients develop SRC [30-32]. It was
showed that anti-RNA polymerase is strongly associated with SRC, OR 6.4 [33].
This statement is valid with the exception of geographical variability. For exam-
ple, the difference in prevalence of autoantibodies among SRC patients between
the Italian and other population might originate from the lower prevalence of
anti-RNA polymerase III among Italians [34]. Anti-RNA polymerase III is associ-
ated with worse prognosis of SRC including Dialysis, persistence on dialysis, and
survival [1].

Figure 6.

Di%zgmm showing subsets of systemic sclerosis associated with kidney involvement stratified by antibodies.
Colored areas represent approximated proportion in patients. Adapted from Kuwana M and Medsger A [35].
SSc, systemic sclevosis; SRC, dSSc, diffuse cutaneous systemic sclerosis; 1SSc, limited cutaneous systemic sclevosis;
scleroderma venal crisis; anti-RNA polymerase 111, anti-ribonucleic acid polymerase I1I antibodies; ANCA,
anti-neutrophil cytoplasmic antibodies; anti-ds DNA, antibodies against double-stranded (ds) DNA.
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2.8.2 Microangiopathic hemolytic anemia and thrombocytopenia

SRC is a disease characterized by thrombotic microangiopathy with typical
blood laboratory findings—new or worsening anemia, presence of schistocytes or
other red blood cell fragments in peripheral blood smear, and thrombocytopenia
<100.000, confirmed by manual smear. Typical features are laboratory evidence of
hemolysis, including elevated lactate dehydrogenase, reticulocytosis, and/or low/
absent haptoglobin and negative direct anti-globulin test. In differential diagnosis,
other types of thrombotic microangiopathies need to be excluded (see Table 3). In
some cases, thrombotic thrombocytopenic purpura has been reported in sclero-
derma patients, but it is unclear whether it was an isolated coexisting disease or a
different interpretation of SRC [1, 6, 36].

2.9 Differential diagnosis of scleroderma renal crisis
The most common differential diagnoses are
* anti-neutrophil cytoplasmic antibody (ANCA)-associated glomerulonephritis,
* lupus nephritis, and
* diseases associated with thrombotic microangiopathy (Table 4).

Thrombotic thrombocytopenic purpura (TTP) /hemolytic-uremic syndrome
(HUS)/disseminated intravascular coagulation (DIC)/heparin-induced thrombo-
cytopenia (HIT)/ pre-eclampsia or HELLP syndrome refers to an acronym used to
describe the clinical condition that leads to hemolysis, elevated liver enzymes, and
low platelets/catastrophic antiphospholipid syndrome (CAPS), etc. [37].

Other differential diagnoses reported included membranous and membranop-
roliferative nephropathies, other vasculitis (including polyarteritis nodosa, mixed
cryoglobulinemia, and Goodpasture syndrome), drug-induced nephropathies (due
to D-penicillamine or cyclosporin A), oxalate nephropathy, renal artery stenosis,
and pre-renal causes (e.g., sepsis and dehydration) [10].

2.10 Management of scleroderma renal crisis
2.10.1 Prevention

Despite significant decrease in incidence of SRC, no reliable preventive measures
were identified. To decrease the risk of SRC development, we have to identify
patients at high risk. Risk factors are discussed above (see chapter “Predictive and
Risk Factors®), and we should take special caution in patients with dSS in the early
stages of the disease (less than 5 years from diagnosis) with rapid progression of
skin thickening, palpable tendon friction rubs, and anti-RNAP III antibodies [39].
Clinically, most important modifiable factor seems to be glucocorticoid treatment.
Doses as high as 15 mg of prednisone are associated with increased incidence of
SRC in several studies (see below).

Patients at risk should have their blood pressure controlled well. However,
ACE inhibitors that are recommended for SRC treatment have not been shown
to have protective effect before SRC onset and do not improve outcome of SRC
[18, 19]. On the other hand, there are some reports of negative impact of ACE
inhibitors on worse outcome of SRC, if ACE inhibitors were used in prevention
of SRC [1, 40].
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Event

Differences from SRC

Essential hypertension

Without acute renal failure

ANCA-associated glomerulonephritis

ANCA positivity, significant Proteinuria,
hematuria [38]

Overlaps with connective tissue disease with
glomerulonephritis (SLE)

Anti-dsDNA positivity, other CTD-specific
antibodies

Renal artery stenosis

Absence of systemic symptoms

Thrombotic microangiopathies

Pre-eclampsia Pregnancy
Hemolytic uremic syndrome Shigella toxin
Thrombocytic thrombocytopenic purpura ADAMTS13 antibody

Catastrophic antiphospholipid syndrome

Antiphospholipid antibodies

Heparin-induced thrombocytopenia

Heparin treatment

Other conditions: membranous nephropathy, drug-induced nephropathies (e.g., cyclosporin A), other vasculitis
(eg., polyarteritis nodosa, mixed cryoglobulinemia, and Goodpasture syndrome), oxalate nephropathy,
membranoproliferative nephropathy, pre-venal causes (e.g., sepsis, dehydvation, and cardiac or pulmonary vascular
involvement), and isolated renal abnormalities. SRC, scleroderma venal crisis; ANCA, antibodies against neutrophils;
SLE, systemic lupus erythematosus; CTD, connective tissue diseases; ADAMTS13, a disintegvin and metalloproteinase
with a thrombospondin type 1 motif, member 13.

Table 4.
Differential diagnosis of scleroderma venal crisis. Adapted from Bose et al. [6].

Therefore, other antihypertensive drugs should be used to treat primary hyperten-
sion in these patients. Calcium channel blockers are a preferred option, as these drugs
are effective in controlling blood pressure and a positive vasodilatory effect [41].

2.10.2 Early diagnosis

Early diagnosis and treatment can significantly improve prognosis of the
patients. Patients at risk should be instructed to monitor blood pressure at home at
least twice a week. They should report sudden increase in blood pressure and blood
pressure above 140/90 mmHg. These patients should have their blood pressure
quickly normalized and should be evaluated for possible SRC development (evalua-
tion of kidney function, presence of MAHA, etc.).

2.10.3 Treatment of sclevoderma renal crisis

Current treatment of SSc focuses on broad-spectrum immunosuppression or
organ-based therapy for separate manifestations such as lung fibrosis, skin and
gastrointestinal involvement, pulmonary or systemic hypertension, and kidney
impairment [1]. The treatment of SRC is based on three main principles: causal
treatment with ACE inhibitors, methods of renal function replacement, and plasma
exchange in some patients. For organ complications, supportive treatment is used.
SRC without treatment is often lethal. SRC patients should be treated immediately
and aggressively with hospitalization and under careful control (Figure7) [1]. Itis
advisable to admit patients with symptomatic hypertension to intensive care units.

2.10.3.1 Angiotensin-converting enzgyme inhibitors

The key to improved outcome is treatment with ACE inhibitors. It should be
initiated as soon as possible. Captopril is the preferred option. It has been used in
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Figure7.

Management of scleroderma renal crisis, adapted from Lynch et al. [50]. ACEi, angiotensin-converting enzyme
inhibitor; AKI, acute kidney injury; ARB, angiotensin receptor blocker; DBP, diastolic blood pressure; HDU,
high dependency unit; ITU, intensive therapy unit; MAB, mean arterial pressuve; SBE, systolic blood pressure.

most studies and its short-acting character enables good titration at the start of the
treatment. It is usually necessary to use very high doses. Blood pressure should be
brought back to normal levels within 2-4 days.

ACE inhibitors have complex effect and decrease blood pressure and plasma
renin activity. The dramatic response to therapeutic inhibition of the renin-
angiotensin system in SRC implicates renin overproduction as a central part of the
pathogenesis of SRC [1, 42].

Several cohort studies showed benefit in survival with the use of ACE inhibitors
in patients with SRC. The experts recommend immediate use of ACE inhibitors in
the treatment of SRC [11, 17-19, 29, 43-48]. Prospective analysis of 108 patients
with SRC has suggested that patients on ACE inhibitors (captopril in 47 and enala-
pril in 8) had a significantly better 1 year survival rate (76%) and 5 years (66%)
compared to patients without ACE inhibitors (15% at one and 10% at 5 years,
respectively). Treatment with ACE inhibitors was significantly associated with
better survival in SRC, after adjustment for age and blood pressure (p < 0.001) [29,
49, 50]. Two recent retrospective studies including 91 and 110 patients with SRC,
respectively, the majority of whom (91 and 98% respectively) were treated with
ACE inhibitors and/or angiotensin receptor antagonists (ARA), reported survival
rates from 71-82% at 1 year, 59-60% at 5 years, and 42-47% at 10 years [19, 47].
Other anti-hypertensive agents may be considered for management of refractory
hypertension in conjunction with an ACE inhibitor in SRC, including ARA, calcium
channel blockers, doxazosin, and clonidine [1, 49]. Beta-blockers are not appropri-
ate, as they affect peripheral circulation.

It can be summarized that survival benefit was shown with the use of ACE
inhibitors in patients with SRC. Experts recommend immediate use of ACE inhibi-
tors in the treatment of SRC [17].
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2.10.3.2 Acute kidney injury

A patient with SRC is, from a definition, the one with acute kidney injury and
should be managed in cooperation with a nephrologist. Thus, recommendation
for acute kidney injury should be applied including regular monitoring of kidney
function, minimization of nephrotoxic medication, etc. During first days of SRC
treatment, serum creatinine levels usually increase. This is an anticipated decrease
in glomerular filtration that should not discourage us from intensive blood pressure
control [27].

Renal replacement therapy should be initiated if necessary. Both hemodialysis
and peritoneal dialysis are possible alternatives. However, hemodialysis is a pre-
ferred option. ACE inhibitor treatment should continue long term, even in patients
on chronic renal replacement therapy, especially in patients with possible recovery
of renal function.

In chronic hemodialysis patients, kidney transplantation has to be considered.
There are two particular details in SSc patients that should be discussed: first, there
is a possibility of late recovery of kidney function and, second, there is historically
reported bad outcome of transplanted SSc patients. Indeed, patients with SRC may
recover renal function up to 3 years after the crisis, most often within 12-18 months
[50]. Thus, many authors recommend that decision to transplant should not be
made before 2 years after SRC onset [17]. Patients after SRC on hemodialysis
treatment should therefore be regularly checked for signs of recovery of kidney
function. But in general, postponing kidney transplant in hemodialysis patients
could worsen their prognosis. It seems prudent that in patients without significant
residual renal function, without signs of kidney recovery and unfavorable findings
on kidney biopsy (if done) such as vascular thrombosis and glomerular ischemic
collapse, we consider kidney transplant in 6 months from SRC [51].

Older studies reported bad outcome of SSc patients after kidney transplant
compared to patients with other causes of kidney failure. However, recent studies
have shown excellent patient and graft survival [52].

Generally, on the other hand, long-term dialysis increases the risk of death.
Independent of the underlying disease, dialysis increases the risk of infection (in
patients undergoing peritoneal dialysis) and, over the long term, enhances the risk
of vascular calcification and atherosclerosis. In patients on chronic dialysis, kidney
transplantation has to be considered [53].

In a series of 260 SSc patients who underwent renal transplantation in the
United States, their 5-year graft-survival rate was 56.7% [53]. In that study, the risk
of SRC recurrence was higher for patients with early renal insufficiency following
SRC onset. Recurrent SRC in the allograft may be predicted by the same previously
described risk factors [53-55].

For those with recurrent SRC, the time of onset following transplantation is
not known. Recurrence usually happens within the first few months to the first
1-2 years after transplantation [53, 54].

Kidney transplantation should therefore be considered in all SSc patients with
the need of renal replacement therapy. What has not changed over the last decade
is that only small percentage of patients with SSc is transplanted due to severe
extrarenal disease. Thorough work-up before enrolling a patient on waiting list is
warranted.

Both recurrence of SRC after kidney transplantation and graft loss due to SRC
recurrence have been reported. Recurrence rate is fortunately low (8.8%) and
patients after kidney transplant should be monitored similarly to patients with SSc
at high risk of SRC development [52].
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Immunosuppression given to SSc patients after kidney transplant alters the
course of the disease. Most of the patients after kidney transplant have stable
disease or even improve symptoms. Regarding immunosuppressive regimens after
kidney transplant, it is difficult to make any evidence-based conclusions. Most
patients were treated with high-dose steroids at the time of transplantation followed
by long-term low doses in combination with calcineurin inhibitors and mycophe-
nolate mofetil. A significant number of patients were weaned from steroids with
reasonable outcome, but recommendations cannot be made due to limited number
of patients [52].

2.10.3.3 Plasma exchange

Plasma exchange, which has been proposed for thrombotic microangiopathy, has
not demonstrated efficacy and should not be prescribed, with the exception of the
rare SRC patients who might develop thrombotic microangiopathy associated with
anti-ADAMTS-13 antibodies [54]. There are no clinical trial data for use of plasma
exchange in SRC.

3. Nonscleroderma renal crisis involvement of kidney in systemic
sclerosis

3.1Intersticial kidney changes/disease

Clinically relevant renal involvement (non-SRC) in SSc is uncommon [55].
Asymptomatic and slowly progressive renal involvement is present in 60-80%
of SSc patients. In more than half of asymptomatic SSc patients, renal function
demonstrates clinical markers of renal damage (proteinuria, elevation of serum
creatinine, hypertension, etc.) [32, 56-58]. These patients presented with evidence
of underlying chronic renal disease but without confounding illnesses such as
diabetes or hypertension existing prior to the onset of their SSc. Histological find-
ings showed expressions of fibrillar collagens. In some SSc cases, drug exposure
may explain interstitial kidney changes [6]. It is unclear whether SSc cases are
more susceptible to this, but interstitial nephritis remains an important differential
diagnosis.

3.2 Glomerulonephritis

Glomerulonephritis occurs in the context of overlap connective tissue disease
or systemic vasculitis. In other words, SSc should be associated with other immu-
nopathological diseases presented by glomerulonephritis, mainly systemic lupus
erythematosus and ANCA-associated glomerulonephritis [59].

Circulating antimyeloperoxidase antibodies have been reported in several
patients with dcSSc associated with necrotizing and crescentic glomerulonephritis
[1, 58]. A study of 81 SSc patients with renal impairment found 2 patients with
1cSSc with perinuclear anti-neutrophil cytoplasmic antibodies (p-ANCA) along
with circulating IgG and IgM antimyeloperoxidase antibodies. After screening for
ANCA in SSc by indirect immunofluorescence, the levels of IgM and IgG anti-MPO
antibodies in 8 patients (8%) with SSc were determined by ELISA [60]. In conclu-
sion, the presence of ANCA in SSc patients should predict ANCA-associated vascu-
litis. The treatment of these associated glomerulonephritis is managed according to
the principles of treatment of the overlapping renal diseases (Figure 8).
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Figure 8.

Normotensive patient with systemic sclerosis and acute venal failure underwent renal biopsy. End-stage
kidney disease: crescentic glomerulonephritis showing fibrous crescents. A mixed mononuclear cell infiltrate
and considerable tubular loss are shown. Hematoxylin-eosin staining, magnification 200 times. Courtesy of
Miroslav Podhola, MD., PhD., Department of Pathology, Faculty of Medicine in Hradec Kralove, Charles
University.

4, Conclusion

SRC is a rare manifestation with dramatic clinical picture and high morbidity
and mortality. Current strategies to reduce the associated morbidity and mortal-
ity include identification of at-risk patients to aid early diagnosis. Caution should
be exercised in diagnosis of SSc cases with serological features of renal disease
including anti-RNA polymerase III autoantibodies, for non-SRC renal disease SLE
serology and ANCA positivity. ACE inhibitor therapy should be lifelong in all SRC
patients. Prompt initiation of ACE inhibitors stays a key point in SRC therapy. New
therapeutic possibilities are needed.
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Chapter 3

Gastrointestinal Involvement in
Systemic Sclerosis: Overview,
Neglected Aspects, Malnutrition,
Body Composition and
Management

Sabina Oreska and Michal Tomcik

Abstract

Gastrointestinal tract (GIT) involvement is the most common internal organ
manifestation and is present in up to 90% of patients with systemic sclerosis (SSc).
Clinical manifestations can differ according to the part of the GIT affected, disease
course and symptoms. A majority of the symptoms are caused by GIT dysmotil-
ity. Up to 8% of SSc patients develop several GIT symptoms, which increase the
mortality. Although GIT involvement is rarely the direct cause of death, it canlead
to several comorbidities including malnutrition and negative alterations of body
composition. These factors have a negative impact on quality of life and increase the
mortality. To date, the treatment is rather symptomatic. The pathogenesis of GIT
involvement in SSc still remains to be clarified to improve the treatment approaches
including intravenous immunoglobulins and microRNA interventions.

Keywords: gastrointestinal tract, systemic sclerosis, malnutrition, body composition,
diagnosis, management

1. Introduction

Systemic sclerosis (SSc), characterised by autoimmune inflammation, vascu-
lopathy and fibrotic tissue deposition as the main pathophysiological features, can
affect any organ system. In fact, the aetiology and pathophysiology of SSc are still
not completely elucidated [1]. Gastrointestinal tract (GIT) is one of the most com-
monly involved organ systems in SSc.

Up to 90% of SSc patients are affected by some degree of GIT fibrosis, with no
difference in frequency in limited cutaneous systemic sclerosis (IcSSc) and diffuse
cutaneous systemic sclerosis (dcSSc) subsets. However, more severe involvement
and increased mortality occur rather in dcSSc than 1cSSc [2, 3]. Dysmotility is the
cardinal pathological abnormality, which can affect any part of GIT and contributes
to the majority of symptoms [4], which are mostly non-specific and overlapping for
a particular anatomical site. GIT involvement varies in extent, severity and course
and can manifest even in the absence of cutaneous disease [5].
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The pathophysiology of GIT involvement in general corresponds to the skin
and other organ involvement in SSc, with the main characteristic pathologic
features: vascular abnormalities, immune cell infiltration in tissue, autoantibodies
and typical extensive deposition of collagen fibres. This process leads to specific
early myenteric neural dysfunction caused by autoantibodies and collagen deposi-
tion, vasculopathy in myointimal layer mainly in capillaries preceding the muscle
changes, smooth muscle cell infiltration with mononuclear cells with consequent
atrophy and fibrosis of enteric connective tissue [1, 6]. Regarding the aetiology,
genetic component is supposed to play a significant role in GIT involvement. In
the Canadian population study, in which SSc patents were classified according
to the ethnicity, population of white patients had less severe GIT involvement
compared to North American native population (including American Indians and
others), suggesting a predisposition for severity and progression of the disease [7].
Another study identified some haplotypes in an American native population
(Choctaw Indians) strongly associated with SSc and more severe progression of
this disease (HLA-DRB1*1602, DQB1*0301 and DQA1*0501) [8]. Some studies
have also reported high prevalence of Helicobacter infection in SSc patients, sup-
porting the hypothesis of infectious aetiology [9]. Smoking has been identified as
the only environmental factor associated with increased severity of GIT symptoms
in SSc [10].

GIT involvement significantly impacts quality of life and contributes to
depression, sleep disturbance and pain [11-13]. It also negatively influences the
prognosis with up to 12% of mortality due to fibrosis of GIT and accompanying
malnutrition [1]. Up to 8% of SSc patients can develop severe GIT symptoms, which
lead to increased mortality with only 15% survival at 9 years [5].

2. Pathophysiology

The pathophysiology of GIT involvement in SSc is a complex process.
Unfortunately, it is still poorly understood due to many reasons: heterogeneity of
clinical manifestations, the lack of appropriate animal models and the paucity of
studies examining the pathophysiology. The key pathogenic mechanisms of GIT
involvement, similarly to SSc in general, include fibro-proliferative vasculopathy,
immune dysfunction with the participation of various components of immune
system and fibrosis [14].

Endothelial injury as the crucial event in SSc results in increased production
of reactive oxygen species (ROS) and release of chemokines and growth factors.
Recruited immune cells (B- and T-cells and pro-fibrotic macrophages) contribute
to further release of ROS, cytokines and pro-fibrotic mediators [15]. These mecha-
nisms lead to reduced blood flow in mucosa, endothelial cell apoptosis, perivascular
infiltrates and thickening of the basement membrane [16-18].

The initial step in pathophysiology of GIT dysmotility is neuropathy, followed
by myopathy and later by progress to fibrosis [19]. Specific autoantibodies isolated
from serum of SSc patients (SSc-IgGs) were described to cause significant smooth
muscle dysfunction [20]. The mechanism lies in inhibition of acetylcholine binding
on the M3 receptors (M3-Rs) [21, 22]. The action of SSc-IgGs seems to be dependent
on the disease stage: in early SSc there is higher affinity of SSc-IgGs to the M3-Rs of
myenteric neurons, which represents the neuropathic damage. During the course of
the disease, the affinity increases to both smooth muscle cells and myenteric neu-
rons, representing the myopathic phase. This temporal increase of SSc-IgGs affinity
could elucidate the progressive character of GIT involvement [14, 19, 23].
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Presence and action of M3-R autoantibodies can explain the impaired GIT function
explored by manometry before the occurrence of histological changes [14].

Neutralisation of M3-R antibodies by human intravenous immunoglobulins
(IVIGs) and its antigen-binding fragment F(ab)2 might reverse the intestinal
dysfunction and is considered as a potential therapy [19]. The ultimate smooth
muscle cell atrophy and tissue fibrosis lead to the loss of GIT contractile function
and disability to respond to any external stimuli; thus any treatment of dysmotility
is futile [14].

Alterations in cell-mediated immunity have a significant role in SSc GIT involve-
ment [24, 25]. Interleukin (IL)-4 stimulates type 2 helper (Th2) polarisation of
CD4+ T-cells, which is predominant in SSc. Th2 cells further upregulate humoral
immunity [15, 26]. CD4+ T-cells in immune cell infiltrates in gastric biopsy speci-
mens with typically increased CD4+/CD8+ T-cell ratio can be responsible for patho-
genic autoantibody production and fibrosis of GIT [14, 27]. Generalised fibrosis
with increased deposition of collagens I and III in most layers (muscularis mucosae,
submucosa and muscularis propria) was described in gastric wall biopsies, together
with strong expression of fibrogenic cytokines (transforming growth factor-p and
connective tissue growth factor) and a-smooth muscle actin [28]. Other factors
contributing to fibrosis are reduction of matrix metalloproteinase-1 expression and
damage and reduction of telocytes—specific stromal cells essential for extracellular
matrix scaffolding [29, 30]. Moreover, consequent increased stiffness of GIT wall is
an additional potential stimulus for further fibrosis [31].

In addition, differentially expressed microRNAs (miRNAs) targeting both
inflammation and fibrotic pathways have a probable role in SSc pathogenesis [32, 33].
Depletion of the miR-29 family, which targets collagen gene expression and regulates
fibrosis, probably leads to increased collagen deposition in tissues [34].

3. Clinical manifestations

As mentioned, any part of GIT can be affected, so the clinical manifestations
vary according to the involved organ. Large proportion of patients are asymptom-
atic, or symptoms may be unspecific and overlapping [1]. Fibrosis and dysfunction
of GIT lead to many complications, such as gastro-oesophageal reflux disease
(GERD) with complications (oesophageal strictures, Barrett’s oesophagus), dila-
tion and non-compliance of the stomach (gastroparesis), small intestinal bacterial
overgrowth (SIBO), colonic dilation and dysfunction of internal anal sphincter.
The vasculopathic manifestations are gastric antral vascular ectasia (GAVE), small
intestine vascular ectasia and diverticula in the oesophagus, small intestine and
colon, resulting in malabsorption and faecal incontinence [14]. Clinical features are
divided according to individual organ involvement.

3.1 Oral cavity and pharynx

There are numerous SSc-related alterations of the oral cavity [35]. Pathognomic
fibrosis results in characteristically reduced oral aperture (microstomia), thicken-
ing of the sublingual fraenulum and widening of periodontal ligaments [36]. In
addition, secondary Sjogren’s syndrome, reported in about one fifth of SSc patients,
can lead to tooth loss along with above-mentioned pathologies. All these factors
complicate dental hygiene and food intake and contribute to malnutrition [37].

Up to 20% of SSc patients can develop mandibular resorption predisposing to
pathological fractures, osteomyelitis and trigeminal neuralgia [38]. Oropharyngeal
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dysphagia manifests in 25% of SSc patients and is caused both by dysmotility and
GER as a reflex mechanism [39]. Apart from malnutrition, dysphagia is also a risk
factor for aspiration pneumonia [40]. With regard to malignancy, risk of tongue
cancer (squamous cell carcinoma) has been reported in deSSc 25-fold higher
compared to general population [41].

3.2 Oesophagus

Oesophageal dysfunction appears to be the most common GIT manifestation
in SSc affecting up to 90% SSc patients with higher prevalence and tendency to
deteriorate over time in dcSSc compared to 1cSSc [42, 43]. Up to 30% of SSc patients
may suffer from asymptomatic oesophageal involvement [44]. The main feature
of oesophageal involvement is dysphagia due to smooth muscle cell atrophy and
destruction of neuronal complexes. Drug-induced dysphagia and Candida oesopha-
gitis caused by immunosuppressive treatment should be also taken into account.
Reduced lower oesophageal sphincter (LES) tone along with dilation of the lumen,
peristalsis disorder and gastroparesis is the main predisposing factor for GERD and
consequent complications. Among typical symptoms asthma should not be omitted
when taking patient’s history [14, 42].

Long-standing GERD results in development of distal reflux oesophagitis and
eventually progresses to peptic strictures and Barrett’s oesophagus (BE) formation.
The prevalence of BE is reported to be 12.7% in SSc patients treated with proton-
pump inhibitors (PPIs) [45]. Approximately 20% of these patients develop dyspla-
sia and are at higher risk of adenocarcinoma compared to SSc patients with BE and
without dysplasia. However, this risk seems not to be increased in SSc compared to
general population with GERD [45, 46].

The recent high-resolution manometry study reported positive correlation of
severe oesophageal dysmotility with the duration of SSc and presence of interstitial
lung disease (ILD) [47]. GERD can contribute to the emergence of ILD and worsen
the ILD in SSc by microaspiration of gastric content; therefore, early diagnosis and
administration of high-dose PPI therapy are needed [48, 49].

3.3 Stomach

Gastric involvement leads mainly to gastroparesis and GAVE [50]. Gastroparesis
manifests clinically by early satiety, nausea and vomiting, epigastric discomfort
and bloating and may progress to complete food intolerance [51, 52]. GAVE,
also called “watermelon stomach”, is considered a macroscopic manifestation of
SSc vasculopathy, corresponds with skin telangiectasias and is associated with
Raynaud’s phenomenon [53, 54]. The prevalence of GAVE in SSc ranges from 6
to 22% [53-56]. It usually occurs within the first few years from the onset of the
disease. Nevertheless, it can also be the first SSc manifestation in the absence of
cutaneous involvement, clinically expressed as anaemia of combined aetiology:
iron deficiency (sideropenia) and chronic bleeding (occult bleeding, melena or
haematemesis) [56]. The presence of GAVE correlated negatively with the positiv-
ity of anti-topoisomerase I antibodies, but, in one study, was not associated with
anti-RNA polymerase III autoantibodies (anti-RNAP3) [54]. However, on contrary,
an association was confirmed in the recent study of EUSTAR population, where
48% of patients with GAVE had anti-RNAP3 positivity compared to 16% of SSc
patients without GAVE. Of note, the autoantibody profile was not available for
the whole cohort of SSc patients included [57]. A more recent study of EUSTAR
population including almost 5000 SSc patients assessing the association of anti-
RNAP3 autoantibodies with clinical features and risk of malignancies reported,
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among other results, a negative association of anti-RNAP3 with GERD and a
positive association of anti-RNAP3 with GAVE (more than eight times increased
risk of GAVE in anti-RNAP3-positive patients than in anti-RNAP3-negative SSc
patients) [58]. The association with specific antibodies and its potential clinical use
is a quest for further studies.

3.4 Small intestine

The small intestine belongs to the most commonly affected organ of GIT
involvement in SSc, after the oesophagus and anorectum. Decreased motility
results in typical complications, which participate in malabsorption and malnutri-
tion: local small bowel dilation, intestinal pseudo-obstruction and SIBO, develop-
ment of pneumatosis cystoides intestinalis (PCI) and jejunal diverticula [59].

The range of symptoms is wide, from dyspeptic symptoms to systemic symptoms
resulting from malabsorption [14].

Predisposing factors for pseudo-obstruction, either acute or chronic, are both
SSc related—dilation, atony and delayed transit—and treatment related, espe-
cially the use of opiates [51, 60]. The stasis due to dysmotility of intestinal content
predisposes to SIBO that was detected in up to 40-50% of SSc patients [51, 61]. This
can, along with the failure of recurrent antibiotics therapy, cause the vulnerability
to severe malabsorption [62].

PCl is a rare complication of SSc characterised by multiple gas-filled cysts
in submucosa or subserosa [63] as an incidental radiographic (RDG) finding.
Contributing factors involve dysmotility with consequent SIBO, ischemic dam-
age and muscular atrophy [64]. Rarely, the rupture can cause benign spontaneous
pneumoperitoneum or more severe complications as bowel ischaemia, perforation
and peritonitis [63]. The treatment of benign pneumoperitoneum consists of
conservative approach (oxygen, antibiotics and bowel rest) or surgery intervention
in more severe cases [14].

3.5 Large intestine

Colonic involvement, including hypomotility, telangiectasia and diverticula,
affects up to 50% of SSc patients and is often asymptomatic or can typically
manifest by chronic constipation and abdominal distension [1]. Dysmotility and
the resulting constipation can in extreme cases lead to faecal impaction or perfora-
tion requiring surgery. The colon can be dilated with the loss of haustration [14].
SSc patients can also suffer from diarrhoea and severe malabsorption caused by
SIBO [65].

Colon and anorectal involvement can manifest by rectal prolapse and diver-
ticula typically described as “wide mouth”, which are mostly asymptomatic and
not complicated by diverticulitis. Anorectal involvement is regarded as the second
most common with a prevalence of 50-70% [14]. Symptoms include incontinence,
tenesmus and painful defaecation. Faecal incontinence, present in 40% SSc
patients, is generally attributable to several factors: diarrhoea, internal and external
anal sphincter dysfunction, reduced rectal compliance and capacity with impaired
recto-anal inhibitory reflex, rectal prolapse and also constipation with overflow
[66, 67]. Dysfunction of smooth muscles in internal anal sphincter (neuropathic
or myopathic) is supposed to be the initial cause of faecal incontinence [68]. The
main cause of sphincter involvement seems to be the vasculopathy and resulting
tissue atrophy described in endo-anal ultrasound imaging as a hyperechoic thinned
sphincter. On the other hand, thick hypoechoic sphincter due to tissue fibrosis is
found in some cases [69].
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3.6 Liver and pancreas

Involvement of the liver is less frequent compared to GIT organs mentioned
above. Nodular regenerative hyperplasia (NRH), benign liver involvement in SSc,
can precede primary biliary cirrhosis (PBC) and can progress to non-cirrhotic
portal hypertension [70, 71]. The pathogenesis lies in obliterative changes in portal
veins and corresponds with the microvascular damage in SSc. Although NRH is
mostly asymptomatic, it can develop into portal hypertension [72].

Primary biliary cirrhosis is the most common liver disorder associated with SSc
with a prevalence of about 2%, higher in 1cSSc [73]. It can precede the diagnosis
of SSc, for example, as a Reynolds syndrome comprising PBC with Raynaud’s
phenomenon [74]. PBC is associated with anti-centromere antibody positivity [73].
Nevertheless, PBC screening antibodies (anti-mitochondrial, anti-gp21, anti-
spl00) are detectable also in 20% of SSc patients with no liver disease [75]. The
rate of progression of SSc-related PBC to end-stage liver disease and transplanta-
tion is lower compared to non-SSc PBC, but the reason is still unknown [76]. PBC
contributes via cholestasis and decreased bile acid secretion to malabsorption and
malnutrition [1].

Other rare liver infections in SSc include autoimmune hepatitis, idiopathic
portal hypertension and primary sclerosing cholangitis [77, 78]. Specific anti-liver
kidney microsomal (anti-LKM) or anti-smooth muscle (anti-SMA) antibodies
detected in SSc without liver involvement are attributable to the autoimmune
character of SSc [79].

The involvement of the pancreas seems to be rare and the symptoms can overlap
with SIBO. The exocrine pancreatic insufficiency can take part in malabsorption [80].
Case reports describe occlusion of medium-sized pancreatic arteries in SSc resulting
in haemorrhagic pancreatitis and fatal pancreatic infarction [81].

4, Malnutrition

Prevalence of malnutrition in SSc patients is estimated to be 15-58% [51, 82, 83].
Mortality is significantly increased in underfed SSc patients compared to patients
with adequate nutritional intakes, whereas about 4% deaths are attributable to
consequences of malnutrition [14, 83]. Both GIT involvement and cachexia from
chronic inflammation play a key role in malnutrition [51]. However, there are other
additional risk factors for malnutrition worth mentioning, e.g. depression and
anxiety, although their significance is uncertain [1, 84].

According to the data from the Canadian Scleroderma Research Group database
on almost 600 SSc patients, malnutrition correlates with disease duration and
severity, severity of anaemia, abdominal distension and the rate of subjective
complains [51]. The American Society of Parenteral and Enteral Nutrition (ASPEN)
recommends early screening for malnutrition in every patient with newly diag-
nosed SSc and then annually [85]. Screening is performed by examination of blood
samples for chosen parameters: haemoglobin, iron and vitamin B12, serum levels
of fat-soluble vitamins, prealbumin, albumin and additional test for micro- and
macronutrient deficiency, particularly in suspected SIBO [86].

Patients at risk are indicated to rigorous monitoring and prompt treatment
optimally in cooperation with dietitian and gastroenterologist [85]. At the advanced
stage, nasoenteral feeding should be tried, eventually a percutaneous endoscopic gas-
trostomy or jejunostomy in case of severe gastroparesis. The last-mentioned approach
carries the advantage of reduction of pulmonary aspiration risk. The most severe
refractory intestinal involvement is indicated to parenteral nutrition (PN) [14].
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5. Alterations of body composition

Negative changes of bone mineral density (BMD), weight loss and muscle
atrophy are associated with the nutrition insufficiency, but can also be related to
reduced ability of physical activities, and severity of the disease. There are only
few studies investigating alterations of body composition (BC) in SSc. Up to date,
no large study or meta-analysis is available. Studies mostly used dual-energy X-ray
absorptiometry, which is a suitable method for measuring BMD, lean body mass
(LBM) and fat mass (FM) [87].

Studies have reported reduced BMD, which is determined by many factors:
malnutrition and vitamin D deficiency, decreased physical activity, corticosteroid
and immunosuppressive treatment and the disease-specific features [88, 89]. Low
circulating levels of vitamin D may be related to the extent of skin involvement [90].

Studies on BC including body mass index (BMI) and other methods are scarce
and their results differ. One study describes no alterations of FM or LBM in SSc
patients compared to control population [90]. On the contrary, another study
reported significantly lower BMI, LBM and FM as well as lower BMD in SSc women
compared to healthy women, whereas more significant alterations of BC were
expressed in dcSSc [91]. BMI significantly negatively correlated with duration of
the disease in SSc patients, which was also the only risk factor associated with low
LBM (sarcopenia). Of interest, reported negative changes of BC were not associated
with current dietary customs [91].

One study reported decreased left ventricular mass (LVM) evaluated by
echocardiography as a potential marker of malnutrition, whereas LVM correlated
positively with BMI and severity of vascular involvement but negatively with skin
thickening [92]. Another study reported the correlation of visceral abdominal
fat with the main cardiovascular risk factors [93]. Both these studies are lacking a
control group.

There is a strong need for large, well-designed studies including complex
methods for evaluation of BC and disease-specific features and an adequate control
group, so that the consequences of BC alterations could be properly elucidated and
managed.

6. Diagnostic tools

Every patient diagnosed with SSc should be referred to a gastroenterologist,
even if asymptomatic regarding GIT involvement [14]. Problematic swallowing and
oral pathology should be examined by other specialists (dentists, speech patholo-
gists and eventually an oral surgeon) [1]. Social and psychosocial factors have
certain impacts on some GIT symptoms and hence should be taken into consider-
ation too.

A wide spectrum of investigation methods is available for detection of GIT
involvement, including laboratory and imaging methods [14]. Endoscopy has a key
role in evaluation of oesophageal and gastric involvement and is used for therapeutic
interventions as well. Except for video endoscopy, manometry and pH test are also
useful in testing dysmotility and reflux (especially refractory GERD) [86, 94].
Barium oesophagogram is indicated for detection of suspect strictures [95]. Barrett’s
oesophagus requires regular screening by endoscopic biopsies with frequency
depending on the baseline finding: no initial dysplasia should be screened every
3-5 years, and low-grade or high-grade dysplasia is recommended for control screen-
ing every 3-6 months. Endoscopy is also indicated in anaemia due to suspected
GAVE [86]. Gastroparesis should be confirmed by RDG (delayed gastric emptying),
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before administration of prokinetics [96]. Endoscopy in small intestinal involvement
(e.g. capsule endoscopy) is restricted and difficult, particularly if dysmotility is the
main symptom.

Diagnosis of SIBO is based on subjective complains and objective signs of
malabsorption—weight loss and nutrient deficiency—confirmed by results of
blood test showing low serum carotene level (marker of vitamin A absorption), low
vitamin B12, 25-hydroxyvitamin D, iron, pathologic prothrombin time, etc. [86].
Though breath test has good specificity, the sensitivity is poor (65-70%) and is
not able to detect bacterial overgrowth in more distal parts of the small intestine
[97, 98]. Invention of appropriate diagnostic tools for evaluation of SIBO is still an
unmet need.

7. Patient-reported outcomes

Validation and measurement of the consequences and outcomes related to
certain disease and involvement can be challenging. Construction of appropri-
ate questionnaires for evaluating SSc patients’ symptoms and correlating them to
objective disease features was the task in the last decade [14]. The first questionnaire
assessing the overall severity and quality of life in the context of GIT involvement was
the Scleroderma Gastrointestinal Tract 1.0 (SSC-GIT 1.0), validated in 2009 [99].
Later it was revised, shortened and adapted into final version called University of
California, Los Angeles Scleroderma Clinical Trial Consortium GIT 2.0 (UCLA SCTC
GIT 2.0) [100]. This revised questionnaire consists of 33 items taken from SSC-GIT
1.0 and 1 new item evaluating rectal incontinence (faecal soilage). Total GIT score
correlates with the overall burden of GIT disease in SSc patients [100].

Another instrument developed by the National Institutes of Health is called
Patient-Reported Outcome Measurement Information System (PROMIS) GI
symptom item [101]. Compared to UCLA SCTC GIT 2.0, PROMIS contains more
items and has additional scales for disrupted swallowing, nausea and vomiting.
There is large correlation and satisfactory reliability between this two instruments,
but PROMIS seems to be more easily comprehensible for general and low-literacy
population, usable across diverse populations and less demanding for respondents
to fulfil [102]. The only validated tool for evaluating the malnutrition in SSc
patients is Malnutrition Universal Screening Tool (MUST) [103]. MUST is one of
screening tools recommended by North American expert panel for initial screening
of malnutrition in SSc patients, as it is easy to administer [85]. MUST reflects the
weight change and acute dietary intake and can be less sensitive to nutritional status
and GIT involvement than another tool Subject’s Global Assessment (SGA) [104].
Although MUST can identify the severity of malnutrition in SSs, it does not reflect
the symptomatology contributing to this problem [105]. MUST is generally recom-
mended as the screening tool for nutritional status by several groups (European
Society for Clinical Nutrition and Metabolism, ESPEN; National Institute for Health
and Care Excellence, NICE; and North American expert panel [106].

8. Therapy
8.1 Current therapeutic options
To date, no specific disease-modifying drugs exist to stop the progress of the

disease. Early diagnosis of SSc organ involvement is essential for symptomatic
organ-specific treatment, until the irreversible fibrotic and hardly treatable damage
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develops [14]. Currently, treatment of SSc-related gastrointestinal involvement is
based on symptomatic therapy and includes acid-reducing therapy and administra-
tion of antibiotics and prokinetics. Octreotide is prescribed in refractory small
intestinal pseudo-obstruction and bacterial overgrowth [40, 107] (Table1).

Manifestation Initial therapy/examination Other therapeutic approaches and
of GIT lifestyle modifications
involvement
GERD Modification of diet and lifestyle 1) Take PPI at least 30 minutes prior to
PPI (daily administration) eating; control the right intake
2) Consider increasing the dose of PPI—
twice a day—or change the PPI drug
3) Add an H2 blocker at night
4) If symptoms are still present, perform
pH-metry or endoscopy
Lifestyle and diet modification:
Small meals more frequently during the
day, more food in the first half of the day;
take a walk after eating; restrict from
aggravating foods; sleep with the upper
half of the body elevated or lay on the
left side
Barrett’s Optimal therapy of GERD, Radiofrequency ablation (RFA)—
oesophagus monitoring by a gastroenterologist, consider in low- or moderate-grade
regular upper endoscopy dysplasia, always indicated in high-grade
dysplasia
Stricture Optimal therapy of GERD Consider endoscopic dilation, in case of
persistent dysplasia
Gastroparesis Prokinetics (after gastric emptying 1) Modification of diet (small meals,
study to confirm delayed gastric walking after meal), adequate liquid intake
emptying) 2) Metoclopramide (ECG monitoring due to
risk of prolonged QT interval)
3) Domperidone or erythromycin (if QT
interval is normal)
4) Treatment of nausea
GAVE Firstly, upper endoscopy to verify 1) Repeated sessions of argon plasma
the diagnosis; argon plasma therapy therapy
in case of active bleeding; support 2) Laser therapy as an alternative approach
therapy in case of bleeding (red blood 3) Immunosuppressive therapy in indicated
cell transfusion, etc.) cases
SIBO Breath test (poor sensitivity) 1) Administration of antibiotics for
Examination of malabsorption 2 weeks—in recurrent cases repeat cyclic
(laboratory tests, body composition) antibiotics therapy
Therapeutic trial with antibiotics 2) Probiotics
(metronidazole, ciprofloxacin, 3) Enteral or parenteral nutritional support
neomycin, rifaximin, amoxicillin, 4) FODMAP diet*
doxycycline)
Intestinal Clinical assessment 1) Nutritional support
pseudo- Imaging examination to exclude the 2) Prokinetics (subcutaneous octreotide)
obstruction mechanical cause of obstruction 3) Broad-spectrum antibiotics
(X-ray, CT) 4) Surgery (in resistant cases, to provide
Initial therapy and nutritional decompression)
support during the hospitalisation
Malnutrition Regular screening, BMI examination, 1) Nutritional support

recommended screening tools
(MUST)

Laboratory markers of malnutrition

2) (Total) parenteral nutrition
3) Percutaneous feeding tubes (endoscopy
gastrostomy)
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Manifestation Initial therapy/examination Other therapeutic approaches and
of GIT lifestyle modifications
involvement

Constipation “Bowel hygiene” (adequate liquid and Osmotic laxatives, stool softeners

fibre intake), defaecation in timely
manner, taking regular exercise or

other physical activity
Diarrhoea Firstly, identify the cause of diarrhoea Management of the cause of diarrhoea
(other than SSc or multifactorial) (dysmotility, SIBO, fat malabsorption, etc.)
Faecal Management of diarrhoea and SIBO, Sacral nerve stimulation in resistant cases
incontinence biofeedback, pelvic-floor exercises

*FODMAP foods: inappropriate and irritating ingredients in patients with irritable bowel syndrome or chronic
bowel disease (idiopathic bowel inflammation, celiac disease, etc.); FODMAP diet consists of eliminating the intake
of these foods: fermentable oligosaccharides (gluten, onion, garlic, etc.), disaccharides (lactose), monosaccharides
(fructose) and polyols (alcohol sugars)—these are poorly absorbable carbohydrates in the small intestine.

Adapted from Ref. [86]; Abbreviations: GIT, gastrointestinal tract; GERD, gastro-oesophageal reflux disease;

PPIs, proton-pump inhibitors; ECG, electrocardiogram; GAVE, gastric antral vascular ectasia, SIBO, small
intestinal bacterial overgrowth; CT, computed tomography; BMI, body mass index; MUST, Malnutrition Universal
Screening Tool

Table 1.
Therapeutic intervention and follow-up of SSc patients with GIT involvement

Firstly, non-pharmacological treatment—Ilifestyle modification—should be
applied to improve symptoms: elevation of the head or upper half of the body in
the bed, sleeping on the left side, modification of eating regimen (indigestion of
multiple small meals during the day, avoidance of eating meal less than 3 or 4 hours
before bedtime), loss of weight if obesity, cessation of smoking and minimalizing
alcohol intake, avoidance of drinking beverages and taking food or drugs decreasing
the LES pressure (caffeine drinks, chocolate, calcium channel blockers, nitrates)
and appropriate education about using risk drugs (bisphosphonates, tetracycline,
iron, NSAIDs) [86].

The last update of EULAR recommendations published in 2017 has summarised
the up-to-date treatment management into three points: (1) PPI for treatment
of SSc-related GERD and prevention of oesophageal ulcers, strictures and other
adverse consequences, (2) prokinetics for control of the GIT dysmotility and
(3) intermittent or rotating cycles of antibiotics for treatment of symptomatic
SIBO. However, large randomised control trial (RCT) studies evaluating the above-
mentioned medication in SSc are lacking [108].

A small RCT reported favourable effect of PPI on improvement of upper GIT
symptoms in SSc [109]. Moreover, omeprazole potentially reduces or regresses the
oesophageal fibrosis [110, 111]. On the other hand, long-term therapy with PPI
potentially decreases the intestinal absorption and thus causes nutritional defi-
ciency. It is associated with the risk of bacterial overgrowth and infections
(C. difficile) and more adverse effects (cardiovascular disease, malignancy, demen-
tia, etc.) [112]. H2 receptor antagonists (H2RA) are prescribed as the next step in
GERD treatment, either in monotherapy or in combination with PPI [113]. H2RA
control mainly the nocturnal histamine-dependent acid secretion, which is refrac-
tory to PPI [86].

Treatment by prokinetics is based on individual symptoms of GIT dysmotility
and potential benefit to risk [108]. Several non-randomised or uncontrolled studies
reported improvement of GI symptoms in SSc [107, 114-116]. Prokinetics improve
refractory GERD symptoms via supporting the gastric emptying in cases of gastro-
paresis in patients treated adequately for GERD. Combination with antiemetics is
favourable [86]. Inclusion of prokinetics in combination therapy may have benefits
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in the early disease stage. Nevertheless, there is only a little or no profit from using
prokinetics in later stages with dominant smooth muscle atrophy [96]. Choice of a
certain drug from this group depends on individual benefit for each patient [86].
Small studies in patients with SSc and other connective tissue diseases reported

a beneficial effect of cisapride [117-121]. However, cisapride can cause long QT
syndrome predisposing to severe arrhythmias; thus it is not commonly available

in some countries [122]. Metoclopramide is the first-line therapy in gastroparesis,
followed by domperidone, erythromycin, or eventually pyridostigmine. Using these
medicaments also requires monitoring for adverse effects [86].

In patients suspected for SIBO, intermittent or rotating administration of
antibiotics is indicated. The current approach is based on empirical courses of one
or more broad-spectrum antibiotics [123]. A therapeutic trial is performed for
2 weeks, without any testing. After these courses of antibiotics, gastrointestinal
symptoms are assessed and if there is no improvement, cyclical courses of anti-
biotics continue every 2 weeks altered by 2 weeks off [86]. Therapy duration and
regimen depend on the severity and recurrence of symptoms and clinical response
[86]. Two small studies reported favourable effect of antibiotics in SSc-related SIBO
[61, 124]. Nutritional status should not be omitted, and the supplementation should
be eventually started at the same time as antibiotics [86]. Probiotics have favourable
effect on symptoms and are suitable also in combination with antibiotics [125, 126].

There are more aspects of GIT involvement treatment. Regarding GERD, some
studies reported favourable effect of GABA-B (gamma-aminobutyric acid receptor
type B) agonists or metabotropic glutamate receptor antagonists (mGluR), which
slow the decrease of basal LES pressure [127]. However, the beneficial effect has
yet to be studied in SSc [86]. New pharmacological targets are still investigated,

e.g. nitrous oxide synthase, cannabinoid, muscarinic or opioid receptors, etc.,
which reduce the transient LES relaxation. Surgical intervention is not generally
recommended in SSc, because of association with increased risk of complications
compared to general population, especially worsening of dysphagia [86].

Interventional endoscopy is the method of choice in indicated patients, e.g.
endoscopic dilation of confirmed strictures should not be performed empirically
due to the risk of perforation [128-130]. Laser or argon plasma coagulation is
performed in GAVE, after adequate supplementation therapy of anaemia. Surgery
should be the last solution after all strategies fail [86, 131].

Intestinal pseudo-obstruction requires exclusion of mechanical obstruction
(RDG or computer tomography). Basal therapeutic approach lies in bowel rest,
nutritional support, correcting electrolyte imbalance and use of prokinetics
and antibiotics for coexisting SIBO [86]. In most cases (70%), this conservative
treatment leads to spontaneous resolution. Some patients are indicated for sur-
gery (9%) [132]. Subcutaneous octreotide at doses 50-200 micrograms per day is
also recommended [86].

Treatment of large bowel symptoms is mainly symptomatic, including dietary
measure and administration of laxatives or antidiarrhoeal drugs according to the
dominant symptomatology [86]. Before the treatment of constipation, obstruction
has to be excluded and current medication should be revised to avoid constipating
drugs [133]. Aetiology of diarrhoea should be evaluated to exclude other aetiology, e.g.
infections or other autoimmune disorders (celiac disease, microscopic colitis, amy-
loidosis). Antidiarrhoeal drugs (loperamide) have to be used with caution, because
of the risk of pseudo-obstruction [86]. Bile acid sequestrants can be used to improve
fat malabsorption in case of SIBO [133]. Incontinence is difficult to treat and requires
complex approach consisting of management of diarrhoea, behavioural therapy
(anorectal biofeedback), pelvic-floor exercise and eventually neuronal stimulation of
sacral nerve—a microsurgery intervention [86].
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8.2 Therapy of malnutrition

Enteral and sometimes long-term parenteral nutrition is often needed in pro-
gressive and advanced disease [1]. There are no studies available on enteral nutrition
in SSc patients [83]. The North American expert panel recommends dietary supple-
mentation in similar manner to treatment in patients with chronic diseases. In case
of gastroparesis, dietary measures are recommended (low-fibre, low-fat, frequent
small meals and higher content of liquid) along with regular monthly monitoring
of body weight [83]. Alternative ways of enteral nutrition in case of insufficient oral
alimentation are gastric or jejunal feeding [1]: percutaneous endoscopic gastros-
tomy (PEG) tube feeding, nasojejunal tube, or percutaneous or surgically placed
enteral tube feeding in case of refractory gastroparesis and preserved normal small
bowel function, or by PN [134, 135].

PN is an emerging option of treatment for patients with refractory malnutri-
tion, where the EN is not sufficient (e.g. SIBO) or where surgical enteral nutrition
may be difficult to provide (severe cutaneous fibrosis and thickening) [1]. The
main disadvantages of PN are in general the cost and PN-related complications:
catheter-related bloodstream infections; liver function abnormalities (e.g. cholesta-
sis); metabolic bone disease; fluid overload, especially in patients with ILD and
pulmonary arterial hypertension; electrolyte imbalances; and risk of central vein
thrombosis in predisposed patients [136-140]. Moreover, specific problems with
PN in SSc are caused by skin involvement, poor quality of veins due to vasculopathy
and hand deformities requiring assistance with PN infusion [1].

Data on long-term PN in SSc patients are lacking. However, based on studies on
PN in patients with chronic intestinal pathology and the data from retrospective
studies on PN nutrition in SSc patients, which reported the improvement of quality
of life and patients’ profit from this therapy, this therapeutic approach is considered
as effective in SSc patients [136, 141-144]. Regular monitoring for complications,
control of body weight and adequate altering of nutrient supplements are recom-
mended, along with the establishment of a team for patients’ education, prevention
of the catheter-related complications and optimising the nutrition intake. The
optimal duration of PN needs to be determined [1].

8.3 Future therapeutic prospects

Novel therapeutic options of SSc GIT involvement are investigated, particularly
immunosuppressive drugs targeting pro-fibrotic cytokines and IVIGs. Effect of
IVIG therapy is multiple: anti-idiotypic-mediated neutralisation of muscarinic,
anti-fibroblast or anti-endothelial cell circulating autoantibodies and reduction of
pro-fibrotic cytokines. IVIG has a better safety profile compared to immunosup-
pressive drugs [14]. Observational studies confirmed its potential to improve GIT
symptoms and reverse cholinergic dysfunction induced by M3-R autoantibodies
in vivo [145-147]. Another therapeutic approach is targeting miRNA-29 by anti-
miRNA chemically modified oligonucleotides [148]. However, future large-scale
controlled studies are needed to confirm the beneficial effects of these promising
approaches in SSc patients.

9. Conclusion
Gastrointestinal involvement is highly prevalent in systemic sclerosis, affects the

majority of patients and can be hidden or can precede the obvious skin manifesta-
tion. Therefore, overall screening is recommended for early management of the
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Field of research Todo
Aetiology Genetic predisposition Identify special haplotypes
Infectious aetiology Identify pathoorganisms triggering the
Environmental factors disease (e.g. Helicobacter pylori [9])
Identify the insult/toxin triggering the disease
(smoking, exposition to toxic substances, etc.)
Pathogenesis Autoantibodies Association of well-known autoantibodies
Pathology Cytokines/chemokines with the disease features and their role in

pathogenesis (anti-topoisomerase I, anti-
polymerase III, etc.)

Identify new autoantibodies and their role in
pathogenesis (e.g. IgG antibodies binding the
M3 receptor for acetylcholine)

Elucidate the role of cytokines/chemokines
and cell immunity

Clinical features/
manifestation/phenotype

Onset of the disease
Extent and severity of

Factors determining the course of the disease
and clinical manifestation

involvement
Progression
Comorbidities Malignancy Identify the factors/disease characteristics
Cardiovascular risk increasing the risk of malignancy
Determine the risk compared to general
population; identify the aetiology and type of
specific manifestation
Nutrition Markers of malnutrition Composition of a sensitive and specific tool
Body composition Prevalence and character for evaluation of nutrition and complications
of negative changes of leading to malnutrition (e.g. SIBO)
body composition Recommendation of an appropriate tool
for examination of body composition and
frequency of such testing
Therapy Future specific therapy, IVIG (evidence of anti-idiotypic-mediated
targeted at specific neutralisation of muscarinic, anti-fibroblast
mechanisms (molecules, or anti-endothelial cell circulating
antibodies, etc.) autoantibodies and reduction of pro-fibrotic
implicated in pathogenesis cytokines)
of the disease Targeting RNA with small molecules; anti-
miRNA chemically modified oligonucleotides
Conventional synthetic/targeted synthetic/
biologic/biosimilar DMARDs
Stem-cell transplantation
Table 2.

Brief list of unmet needs and tasks for future vesearch

gastrointestinal involvement until the ultimate damage develops. The pathophysiol-
ogy and specific therapy are still the focus of research, with some promising pros-
pects. To date, the cornerstone of the treatment is mainly symptomatic therapy and
adequate nutritional support, best managed in cooperation with other specialists.
The general impact of this involvement on patients’ health status and quality of life
should not be omitted. Large studies are required to examine aetiopathology and
treatment options, including new therapeutic agents, and also complex impact of
gastrointestinal involvement on patients’ status (Table 2).
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Chapter 4

Systemic Sclerosis Mimics

Ondrej Kodet and Sabina Oveskd

Abstract

Many clinical conditions are presenting with sclerosis of the skin and with tissue
fibrosis. These conditions may be confused with systemic sclerosis (SSc, scleroderma).
These diseases and disabilities are generally referred to as systemic sclerosis mimics or
scleroderma-like syndromes. These disorders have very different etiologies and often
an unclear pathogenetic mechanism. Distinct clinical characteristics, skin histology,
and disease associations may allow distinguishing these conditions from systemic scle-
rosis and from each other. A histopathological examination with clinicopathological
correlation for diagnosis is important to spare the patients from ineffective treatments
and inadequate management. In this chapter, we discussed localized scleroderma,
lichen sclerosus, nephrogenic systemic fibrosis, eosinophilic fasciitis, scleromyxedema,
and scleredema. These are often detected in the primary care setting and referred to
rheumatologists for further evaluation. Rheumatologists, or preferably in collabora-
tion with a dermatologist, must be able to promptly recognize them to provide valuable
prognostic information and appropriate treatment options for affected patients.

Keywords: localized scleroderma, lichen sclerosus, eosinophilic fasciitis,
nephrogenic systemic fibrosis, scleromyxedema, scleredema

1. Introduction

In this chapter, we discuss the groups of disorders classified as systemic sclerosis
mimics. Localized and sometimes generalized skin stiffness is typical for this group
of diseases. However, quite incongruous pathogenesis, underlying disease mecha-
nisms and distinct organ involvement are significantly different in these conditions.
This chapter describes the pathogenesis, clinical manifestation, histopathology
findings, and therapeutic possibilities of the most common diseases that may cause
difficulties in the differential diagnosis of systemic sclerosis.

2. Localized scleroderma, morphea
2.1 Introduction

Localized scleroderma is a clinically distinct inflammatory disease, primarily
of the dermis and also subcutaneous fat [1]. The inflammation leads to scar-like
sclerosis. Inflammatory infiltrates and changes of small vessels are similar in
morphea and systemic sclerosis (SSc), but morphea has more asymmetric or linear
skin localization and distribution than SSc, which has symmetrical distribution.
Generalized morphea can prevent and mimic diffuse cutaneous SSc, but this clini-
cal variant does not have Raynaud’s phenomenon, digital sclerosis and lung, and
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gastrointestinal tract manifestation of the disease. Morphea is responsible for the
morbidity of the patient such as skin tightness, joint mobility reduction leading to
contractures, growth retardation, and pain [1-3].

2.2 Epidemiology

Morphea typically develops in adults, although morphea can occur at any age.
The incidence of morphea is 3 per 100,000 people, and the prevalence of morphea
increases with age. The mean age of disease onset is 45 years. Morphea is more
prevalent in women than in men (2.6:1), except linear morphea, which has no
gender preference [2-4].

2.3 Pathogenesis

The cause of the disease is unknown. Coexistence of various forms of scleroderma
and the rare possibility of progression of localized scleroderma into SSc indicate
that both types represent different manifestations of the same pathological process.
Pathogenesis may be due to participation of environmental influences, immunologi-
cal disorders, and infections, e.g., association with Borrelia burgdorferi [3]. Sclerosis
of the skin is induced by vascular damage, activated T cells, and accented connective
tissue production by dermal fibroblasts. Vascular changes represent a reduction in
the number of capillaries. Enhanced production of collagen and other extracellular
matrix proteins and components is induced by T-cell-derived cytokines, interleukin 4
(IL-4), IL-13, and transforming growth factor beta (TGF-p) [3, 5, 6].

2.4 Clinical features

Morphea can be divided into several clinical groups: plaque-type morphea, lin-
ear morphea, generalized morphea, deep morphea, nodular morphea, and guttate
morphea. Patient with morphea does not have involvement of internal organs and
Raynaud’s phenomenon. Some patients may have involvement of muscles, tendons,
and joints or neurological or ophthalmological symptoms which depend more likely
on anatomical site, e.g., in a patient with linear morphea [2].

2.5 Plaque-type morphea, circumscribed morphea

Plaque-type morphea is the most common variant, characterized by a slightly
elevated, edematous, erythematous, or violaceous and livid plaque with oval to round
or centrifugal distribution (Figure 1). The developmental stage of the disease may
influence the clinical features: (i) inflammatory, (ii) sclerotic, and (iii) atrophic [1, 2].

Figure 1.
Plague-type morphea, lesion on the right side of the trunk. Plaques ave surrounded by a dark red vim on the
periphery with a yellowish white color center of the lesion as a result of the increasing deposition of connective tissue.
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Figure 2.
Guttate movphea, multiple nummular lesions on the right thigh.

In the inflammatory phase, these are delimited striated skin plaques with
the accentuated surface by skin pores, which resemble “orange peel” due to the
edema of the corium expanding the follicular orifice. Plaques are surrounded by
aviolaceous rim on the periphery, indicating the active inflammatory stage of the
disease. A yellowish-white color develops in the center of the lesion as a result of the
increasing deposit of connective tissue [3]. In the sclerotic phase, the inflammatory
border is absent. The skin of the lesion is smooth, shiny, and difficult or unable to
be shaken. In the final (atrophic) phase, induration disappears; the plaques are soft,
slightly sloping for skin and subcutaneous atrophy, and mostly gray-brown pig-
mented. Circumscribed morphea usually presents as single or multiple skin lesions.
It is generally asymptomatic, but the central portion of the progressing lesion starts
to get rigid and may be slightly painful [2, 3].

A different manifestation of morphea can be present. Guttate morphea presents
as multiple rather superficial and nummular plaques (Figure 2).

Deep morphea represents sclerosis that affects the primarily deep parts of the
dermis and subcutaneous fat (Figure 3).

Figure 3.
Deep morphea, the affection of the front of the right thigh, mapping distribution of erythematous and whitish
parts with visible scarring.
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2.6 Linear morphea

Linear morphea is similar in the clinical feature to circumscribed morphea but
with a linear distribution. Linear morphea initially starts as a linear erythematous
streak or harmless lesion that later forms a scar-like band (Figure 4).

This scar-like band significantly impairs the mobility of the affected limb.
Linear morphea can affect the underlying fascia, the muscle, and tendons. Linear
morphea that transcends joints can significantly reduce movement and lead to
developmental limb defects in children. Rarely, it can form bizarre configurations
when copying Blaschko’ lines [1, 3, 7].

2.7 “En coup de sabre”

The “en coup de sabre” represents a linear type of morphea of the head. This mor-
phea is unilateral and extends from the forehead into the frontal scalp (Figure 5).

It usually starts as a small plaque with the surrounding inflammatory erythematous
rim. Parry-Romberg syndrome is a rare variant of linear morphea of the forehead and
scalp, with progressive loss of subcutaneous fat, with a smaller share of sclerosis [3, 8, 9].

Figure 4.
Linear morphea, linear distribution of plaques, leading to atrophic changes in the affected limb.
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Figures.
“En coup de sabre” as linear morphea of the head. Linear scarring lesion on the forehead with an erythematous
rim spreading to the scalp.

2.8 Generalized morphea

Generalized morphea begins as multiple plaque-type morphea on the trunk.
This clinical variant is defined by the presence of >4 plaques involving at least two
different anatomic sites (Figure 6).

In contrast to systemic sclerosis, generalized morphea does not present with
sclerosis primarily involving acral skin or sclerodactyly, but this anatomical site
can also be affected [10]. Apart from the skin, generalized morphea can also
affect the subcutis and fascia, and be accompanied by slight changes in internal
organs (especially the gastrointestinal tract and lungs) and the formation of joint
contractures with mostly secondary joint involvement and movement limitation
[11, 12]. Carapace-like tightening of the chest, can reduce breathing and cause
swallowing difficulties.

2.9 Laboratory findings

Laboratory abnormalities are typically associated with generalized and linear
morphea, but some patients with morphea have elevated antinuclear antibody
(ANA). Reported rates of ANA positivity among patients with morphea range
from 18 to 68%. Other autoantibodies that are detected less frequently than ANA
in patients with morphea include anti-single-stranded DNA (ssDNA), anti-double-
stranded DNA (dsDNA), antihistone, anti-topoisomerase Ila, antiphospholipid,
and rheumatoid factor [1, 13].

2.10 Histopathology

The histopathological findings depend on the stage of the disease and area where
the biopsy was taken (inflammatory border or central sclerotic lesion). Biopsy
specimens for histology must include subcutaneous fat (Figure 7).

Biopsies performed from inflammatory lesions demonstrate an interstitial
and perivascular inflammatory cell infiltrate composed primarily of CD4"* T
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Figure 6.
Generalized morphea begins as multiple-plaque-type morphea on the abdomen, civcularly affecting breasts and
the neck. In the margins, lesions ave with a rim of erythema, indicating the inflammatory stage of the disease.

Figure 7.
Deep skin biopsy to subcutaneous fat after formaldehyde fixation.

cells, eosinophils, plasma cells, and mast cells. Inflammation may extend into
the subcutaneous tissues. Furthermore, tissue edema, enlarged tortuous vessels,

and thickened collagen bundles may be observed. Biopsy from a sclerotic lesion
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Figure 8.
Biopsy from a sclerotic lesion demonstrates homogenization of the papillary dermis and thickened collagen
bundles extending into the reticular dermis.

demonstrates homogenization of the papillary dermis and thickened collagen
bundles extending into the reticular dermis or beyond (Figure 8). In biopsy from
deep morphea, the deep reticular dermis, subcutis, and fascia show sclerotic
changes [14].

2.11 Differential diagnosis

A number of other disorders can present with clinical features that resemble
morphea. Generalized morphea is necessary to distinguish from systemic sclerosis
or scleredema diabeticorum. In addition to the skin sclerosis, systemic sclerosis
generally begins with the Raynaud’s phenomenon, and patients commonly exhibit
initial puffiness and eventual sclerosis in the fingertips (sclerodactyly), usually
accompanied by nail fold capillary changes. These changes are absent in patients
with morphea. The differential diagnosis of plaque-type morphea includes lichen
sclerosus, morpheaform basal cell carcinoma, and postirradiation morphea.
Furthermore, we need to think of lipodermatosclerosis as fibrosing panniculitis
with typical localization on the lower extremities or eosinophilic fasciitis. In some
cases of limb involvement, pretibial myxedema or Lyme disease (acrodermatitis
atrophicans) must be excluded [1, 13, 14].

2.12 Treatment

A variety of treatment options are available for patients with active lesions of
morphea; however, evidence in support and success of these therapeutics modali-
ties is limited. The expected outcome of successful therapy for morphea is not
a complete healing or normal skin texture. In patients with progressive disease,
successful treatment presents stopping the formation of new lesions and limiting
the spreading of the disease [1, 15].
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2.13 Topical and intralesional treatment

Topical therapies are unlikely to be effective for the disease involving the
subcutis or deeper tissues and are not useful for preventing the development of new
lesions in patients with rapidly progressive disease. Topical tacrolimus as tacroli-
mus 0.1% ointment may be effective for active, inflammatory morphea [16]. High
potency topical and intralesional corticosteroids are widely used for the treatment
of morphea; however, no formal studies have documented their efficacy. Topical
vitamin D—vitamin D as topical calcipotriene 0.005% ointment—may inhibit
effects on fibroblast proliferation, collagen synthesis, and T-cell activation. In some
clinical studies, an improvement on this therapy was noted in limited numbers of
patients [15, 17].

Imiquimod is a topical immunomodulator that induces interferon-gamma, a cytokine
that inhibits TGF-beta and the production of extracellular matrix proteins. Imiquimod
also downregulates the profibrotic cytokine IL-4. Limited data suggest that imiquimod is
effective in some patients with plaque-type morphea [18].

It is possible to use phototherapy in patients with sclerotic diseases like morphea.
Longer wavelengths of light as ultraviolet A (UVA) (320-400 nm) are capable of
greater depth of penetration into the skin, and most studies of UV phototherapy in
sclerotic skin disease have focused on the use of UVA light (320-400 nm). Fewer
data are available on the use of PUVA therapy (a combination of UVA and topical or
oral use of psoralens) and ultraviolet B (UVB) light (290-320 nm). Phototherapy
is unlikely to be effective for morphea with deep involvement (subcutis, fascia, or
muscle) and should not be considered as primary therapy alone [19].

2.14 Systemic treatment

Patients with the progressive disease require systemic therapy with methotrexate
or corticosteroids. Methotrexate is the most appropriate systemic therapy for mor-
phea. In patients with acute generalized or rapidly progressive disease, we combine
treatment with systemic corticosteroids. Methotrexate is typically given for at least
6-12 months with a weekly dose of 15-25 mg. The systemic corticosteroids are usu-
ally tapered and discontinued after 3-4 months or pulse intravenous therapy is used
instead (500-1000 mg of intravenous methylprednisolone sodium succinate for 3
consecutive days/month) [15, 20].

3. Morpheaform inflammatory syndromes/conditions

Some diseases and disorders with acrosclerosis and Raynaud’s phenomenon
have a clinical presentation similar to localized scleroderma. The etiology of these
disorders is diverse and includes, e.g., secondary sclerosis after exposition to
bleomycin, vinyl chloride, L-tryptophan, or toxic oils. Sclerosis can also be induced
by endogenous metabolites, by x-irradiation, or during chronic graft-versus-host
disease (GVHD) (Figure 9). Morphea-like lesion, eosinophilic fasciitis, and lichen
sclerosus can also be observed in these patients [21].

3.1 Lipodermatosclerosis
3.1.1 Introduction

Typical changes associated with chronic venous insufficiency include ery-
thema, induration, and hemosiderin pigmentary changes. But a variety of clinical
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Figure 9.
Morphea-like lesion in a patient with GVHD. Post-inflammatory hyperpigmentation with whitish aveas of
sclevotic skin affecting the left thigh.

appearances and histopathologic findings also include sclerosis, or sclerosing
panniculitis. The various manifestations of this panniculitis have been consolidated
under the heading of lipodermatosclerosis or sclerosing panniculitis [22].

Lipodermatosclerosis typically manifests in patients, usually in women over the
age of 40 years with chronic venous insufficiency as a result of chronic hypoxia.
Venous hypertension leads to a compromised ability to reduce foot vein pressure
during exercise. This change results in increased capillary permeability, with leak-
age of fibrinogen, with subsequent polymerization leading to formation of fibrin
plaques around vessels. There may also be an abnormal regulation of angiogenesis
in a patient with lipodermatosclerosis. For example, increased expression of
vascular endothelial growth factor receptor 1 (VEGFR-1) can be a result of VEGF-
mediated angiogenesis. Another factors may include local stimulation of collagen
and obesity [23, 24].

3.1.2 Clinical features

Sclerosis affects the acral parts of the lower limbs symmetrically. The acute
and progressive phase of lipodermatosclerosis presents with pain, erythema, and
the formation of induration on the affected area of lower limbs. In the chronic
phase, sclerosis of the dermis and subcutis is typically present, and sclerosis results
in induration that is more sharply demarcated from the adjacent normal skin
(Figure 10). Other gravity dependent sites such as the lower aspect of the abdomi-
nal pannus can also develop lipodermatosclerosis. At this point, the changes are
relatively diffuse. Hyperpigmentation due to hemosiderin deposition or chronic
ulceration of the lower limbs may also be present [22].

95



New Insights into Systemic Sclerosis

Figure 10.
Lipodermatosclerosis in a patient with chronic venous insufficiency. In this case erythema and sclevotic whitish
induration on the medial part of the shank with the border of hemosiderin pigmentary changes are present.

3.1.3 Histopathology

Early lesions show mid-lobular panniculitis, a lymphocytic infiltrate in the septa,
variable degrees of capillary congestion, and extravasation of erythrocytes with hemo-
siderin deposition. Chronic lesions show septal sclerosis and membranocytic change
with a marked reduction in inflammation or lymphocytic infiltrate [25, 26].

3.1.4 Differential diagnosis

In differential diagnosis, it is necessary to distinguish inflammatory changes such
as cellulitis and erysipelas but also erythema nodosum or erythema induratum. As
induration develops and progresses, differentiation from morphea and scleromyx-
edema may be necessary. In morphea, subcutaneous involvement is predominantly
septal, and lipophagic and lipodystrophic changes are not typically present [22, 25].

3.1.5 Treatment

Leg elevation and consistent compression therapy are crucial for the treatment
of lipodermatosclerosis. Traditional anti-inflammatory therapies are usually inef-
fective, but topical or intralesional corticosteroids (e.g., triamcinolone 5-10 mg/cc)
may bring relief and improvement with compression therapy [27].

3.2 Injection of vitamin K

Oil-soluble injection of vitamin K may be responsible for the eosinophilic
reaction of the deep part of the dermis and subcutaneous fat, which may resemble
localized eosinophilic fasciitis with similar clinical manifestation as deep morphea.
This inflammation can result in dermal and subcutaneous atrophy [28].
3.3 Vaccination-associated morphea

Circumscribed morphea and deep morphea have been described after intramus-

cular injections of different types of vaccines. The etiology and antigens responsible
for this type of inflammation have not been reliably elucidated [29].
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Figure 11.
Movrphea-like lesion in a patient after x-irvadiation for breast carcinoma. The erythematous and sclerodermic
lesion on the vight breast.

3.4 Paraffin and silicone injections or silicone implants

The leak of silicone from implants and silicone or paraffin injection after recon-
structive or plastic surgery induce chronic inflammation that results in localized
morphea-like lesion. The contribution to the induction of SSc, eosinophilic fasciitis,
or mixed connective tissue disease has also been discussed [30].

3.5 Porphyrias

Porphyria cutanea tarda can lead to a morphea-like lesion and scarring in the
chronic sun (UV)-exposed sites, such as the face, scalp, dorsal part of the hands,
and upper part of the chest [31].

3.6 Radiation-induced morphea

X-irradiation can induce sclerotic, chronic erythematous, and secondary
pigmented lesions typically in a patient after irradiation of the chest and axillary
region for breast carcinoma (Figure 11). The morphea-like lesions can start several
years after radiation [32].

3.7 Differential diagnosis

The differential diagnosis is summarized in this paragraph, but the most impor-
tant entity in the differential diagnosis of SSc or localized scleroderma is lichen
sclerosus et atrophicus and scleromyxedema. Absence of overall symptoms and
organ involvement is crucial [21].

4. Lichen sclerosus

Lichen sclerosus et atrophicus is an inflammatory disease, primarily of
the superficial dermis or mucosa, which leads to white scar-like atrophy.
Extragenital lichen sclerosus may itch and be cosmetically annoying. Genital
lichen sclerosus causes dryness and persistent pruritus. Genital lichen leads to
progressive atrophy, and functional impairment, which significantly reduces the
quality of life.
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4.1 Epidemiology

Prevalence of lichen sclerosus is unknown. This chronic disease occurs at all ages
with a similar incidence in all races. The ratio of occurrence in men and women var-
ies considerably, but in both sexes, the most affected area is the anogenital region
(about 85% of patients, in women usually as a vulvar disease) [33, 34].

4.2 Pathogenesis

Association with the MHC class II antigen HLA-DQ7 was observed, but the spe-
cific genetic predisposition is unknown. Unspecific inflammation seems to be essen-
tial for the initiation and also the progression of lichen sclerosus. Autoantibodies
such as those against the extracellular matrix protein 1 (ECM-1) were found in 80%
of patients with lichen sclerosus. Moreover, in female patients with lichen sclerosus,
there is a higher prevalence of autoimmune diseases (especially autoimmune thyroid
disease) and ANA positivity than in male patients with lichen sclerosus [34-36].

4.3 Clinical features

Lichen sclerosus manifests by polygonal, bluish-white, shiny, slightly elevated
maculopapules with a pointed follicular bounds of hyperkeratoses, which may be
solitary or in groups. This skin lesion can be bounded with an area of erythema. The
solitary lesion enlarges to plaques and to the scar-like lesion with a rough surface
and skin atrophy (Figure 12).

More rarely, blistering with possible hemorrhagic content can be present
(Figure 13). Extragenital predilection sites include supraclavicular localization,
under the breasts, cubit, groin, loose wrist, and cross. Symptoms of extragenital
lichen sclerosus are dryness and pruritus.

However, lichen sclerosus most frequently affects the anogenital region. In
women, it typically affects the vulva and the perianal localization in figure-of-eight
configuration (Figure 14). Genital lichen sclerosus begins as slightly elevated lesion
of erythema, sometimes with erosions. During the chronic stage of the disease, the
skin becomes shiny, sclerotic, and also hypopigmented. The scarring may affect the
clitoris and labia, and disability may be significant or even make the sexual inter-
course impossible. Although the disease may be symptom-free, it frequently causes
severe pruritus and pain is a typical symptom. Another symptom may be dysuria or
pain upon defecation [34, 37].

Figure 12.
Extragenital lichen sclevosus, slightly elevated plaque with scar-like presentation, with a whitish erythematous
rim and skin atrophy.
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Figure 13.
Extragenital lichen sclerosus, whitish plaque with blisters and crusts. Blisters vesemble hemorrhagic-like content.

Figure 14.
Genital lichen sclerosus affects the labia minora, clitoris, and vulval vestibule. Whitish and erythematous
plaques are also present in the labia majova, the perineum, and the pevianal region.

4.4 Histopathology

Lichen sclerosus has a specific histopathological pattern. Initially, superficial
dermal edema is associated with a band-like lymphocytic infiltrate. The epidermis
is thinned and atrophic, with orthohyperkeratosis and vacuolar degeneration of the
basal layer. Hyperkeratosis is especially pronounced at follicular openings and may
lead to plugging. Vacuolar degeneration of the basal layer and flattening of the rete
ridges predispose to the development of blisters, which may become hemorrhagic.
The most important changes are found in the superficial dermis with the presence
of homogenized collagen (Figure 15). Loss of elastic fibers is typical for lichen
sclerosus and is not observed in morphea [38-40].
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Figure 15.

Skin biopsy of extragenital lichen sclerosus where atrophic thinned epidermis and mild vacuolar degenevation
of the basal layer are present. In the superficial dermis, homogenized collagen with perivascular lymphocytic
infiltrates can be found.

4.5 Differential diagnosis

The differential diagnosis of extragenital lichen sclerosus includes morphea,
vitiligo, tinea versicolor, anetoderma, or cutaneous lymphoma. In the case of
genital lichen sclerosus, erosive lichen planus and erythroplasia of Queyrat must
be considered.

Sometimes it is not possible to distinguish morphea from lichen because clinical
and especially histopathological findings of both diseases can also be present in one
patient or one biopsy [34].

4.6 Treatment

Topical medications, phototherapy, and systemic therapy have been used
for the treatment of lichen sclerosus. The effect of topical corticosteroids was
reported especially in genital lichen sclerosus, but mitigation has also been
demonstrated in extragenital lichen. Effect of topical corticosteroid therapy has
been reported in randomized treatment and retrospective studies. Phototherapy
is preferred second-line treatment for patients with limited disease that can-
not be effectively treated with topical corticosteroids. An alternative to topical
corticosteroids is the use of calcineurin inhibitors pimecrolimus and tacrolimus
despite concerns of possible increase of development of squamous cell carcinoma
or reactivation of HPV [15, 37, 41].

The use of systemic therapy is limited to a small group of patients with progres-
sive worsening of extragenital lichen sclerosus that failed to respond to a potent
topical corticosteroid and phototherapy. For systemic therapy, methotrexate
(15-20 mg/week) and systemic corticosteroids (1 g of intravenous methylpredniso-
lone sodium succinate for 3 consecutive days/month) can be used [42].
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5. Eosinophilic fasciitis

Eosinophilic fasciitis is a relatively recently described disease, characterized
by fibrosing induration of the extremities and peripheral eosinophilia. In many
patients strenuous physical activity precedes the development of this condition.

5.1 Clinical feature

Initial clinical manifestation includes painful edema of the extremities, which
progresses to fibrosis and pseudo-inflammatory appearance (Figure 16). The mani-
festation of the disease is typically symmetrical on extremities without involvement
of the hands, feet, and face [43].

Laboratory findings include elevation of ESR, hypergammaglobulinemia and
peripheral eosinophilia which can be present in the early phase of the disease. ANA
titer and complement level are usually normal. Pancytopenia, anemia, thrombo-
cytopenia, myeloproliferative disorders, and monoclonal gammopathy have been
reported in association with eosinophilic fasciitis. The diagnosis of eosinophilic
fasciitis is established via fascial biopsy and/or by MRI [44].

5.2 Histopathology

Histologically eosinophils and mast cells are present, and dermal fibrosis with
patchy infiltrates composed of lymphocytes and plasma cells are also present.
In deep biopsy thickening of the fascia is typical, which may be 10-50 times the
normal width [44].

5.3 Treatment

Once the diagnosis of eosinophilic fasciitis is established via fascial biopsy and/
or MRI, prompt treatment is essential to preserve mobility and function and pre-
vent joint contractures. Prompt therapy with oral corticosteroids (e.g., prednisone
1-2 mg/kg daily) is usually necessary for reduction or cessation of rapid disease
progression and as prevention of mobility reduction and development of joint
contractures. The response is typically noted within the first few weeks, and clinical
improvement may be seen over several months. Alternatively, hydroxychloroquine,
cyclosporine, dapsone, methotrexate, PUVA, or infliximab may be used alone or in
combination with prednisone. Phototherapy as UVA1 can also be beneficial [45].

Figure 16.
Eosinophilic fasciitis with initial clinical manifestation of progressive fibrotic changes with pseudo-
inflammatory appearance.
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6. Nephrogenic systemic fibrosis

Nephrogenic systemic fibrosis is most often observed in middle-aged adults
but has also been described in children and elderly patients. There is no gender or
race predilection. Renal dysfunction and exposure to gadolinium-based contrast
medium play a crucial role in the pathogenesis. Although the context use of the
gadolinium in a patient with renal dysfunction is irrefutable, the mechanisms of
fibrosis are still unknown [46, 47].

6.1 Clinical features

This disorder presents with large and thick, indurated plaques distributed
symmetrically on the extremities and trunk. The skin lesions are irregular and
erythematous with a tendency to develop hyperpigmentation. The manifestation
on the extremities often results in joint contractures. The condition is frequently
associated with considerable pain and loss of mobility. Extracutaneous manifesta-
tions include yellow scleral plaques and systemic fibrosis with involvement of the
heart, lungs, and also skeletal muscles [48, 49].

6.2 Histopathology

A deep biopsy is necessary for diagnosis. Histologic features include increased
dermal fibroblast-like cells with positivity for CD34 and procollagen I. Haphazard
arrangement of thickened collagen bundles is also present. Furthermore, vascular
proliferation and mucin deposition may also be present.

6.3 Treatment

Nephrogenic systemic fibrosis is refractory to treatment with corticosteroids
and other immunosuppressive drugs. There have only been case reports of improve-
ment with imatinib, rapamycin, phototherapy UVA1, PUVA, or plasmapheresis.
Improvement in renal function after renal transplantation may improve this type of
fibrosis [49].

7. Stiff skin syndrome

This dysfunction may be hereditary as a congenital disorder or acquired dur-
ing early childhood. Familiar hereditary subtype is caused by heterozygosity for
a mutation in the gene that encodes fibrillin-1 (FBN1). Dysfunction of this gene
results in the production of giant collagen fibrils in the affected fascia [50].

7.1 Clinical features

Stiff skin syndrome is characterized by “rock hard” induration and thickening
of the skin and subcutaneous tissues. Typical manifestation is on the buttocks
and thighs with mild hypertrichosis without affecting the inguinal folds. This
disorder does not affect the hands and feet. The condition is stable or slowly
progressive, and abnormalities of internal organs are not typically observed. In
differential diagnosis the disease may resemble scleredema, deep morphea, or
linear scleroderma [51].
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7.2 Histopathology

Histologically, significant thickness of fascia with deposition of hyaline without
an associated inflammatory infiltrate can be found. Thickened collagen bundles and
mucin deposition may be present in the dermis. The epidermis and papillary dermis
are mostly without any pathologies [52].

7.3 Treatment

Treatment of stiff skin syndrome is very difficult, and no effective treatments
have been reported. Physical therapy and regimen measures for the patient can help
to prevent progressive joint contractures and immobility [51, 52].

8. Scleromyxedema

Scleromyxedema is a chronic idiopathic disorder characterized by papules
and lesion of induration with dermal mucin deposition and with an increase
of dermal collagen resulting in skin sclerosis. Many patients with scleromyx-
edema have monoclonal gammopathy, with systemic or lethal manifestations.
Scleromyxedema represents a generalized variant that needs to be distinguished
from localized lichen myxedematosus (variant without sclerosis and parapro-
teinemia) [53].

8.1 Pathogenesis

The exact pathogenesis of scleromyxedema is unknown, typically affecting
middle-aged adults of both sexes equally. The role of the associated monoclonal
gammopathy remains a matter of debate, because, for example, paraprotein levels
do not correlate with progression of the disease. But clinical remission of sclero-
myxedema, during the reduction of paraprotein, that follows after autologous
hematopoietic stem cell transplantation was described [53, 54].

8.2 Clinical features

In the clinical manifestation of scleromyxedema, typically widespread and sym-
metrically firm, waxy, and closely aligned papules are present (Figure 17).

Figure 17.
Scleromyxedema. Numerous skin-colored papules of the neck.
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Predilection localizations include the head and neck, upper trunk, forearms,
and thighs and the proximal parts of fingers. The surrounding skin is shiny with
sclerodermoid appearance. Deep longitudinal furrowing is typically involved on the
glabella. Strong and rigid infiltrates of the face can result in the face of a lionlike face.
As the condition progresses, erythematous and infiltrated plaques may be present
with skin stiffening, sclerodactyly, and decreased motility of the mouth and joints.

Scleromyxedema is almost always associated with paraproteinemia. The mono-
clonal gammopathy is usually IgG and the light chains are more commonly lambda.
Patients with scleromyxedema can have a number of internal manifestations, such
as dysphagia, proximal muscle weakness due to myositis, peripheral neuropathy,
arthropathies, carpal tunnel syndrome, restrictive or obstructive lung disease, and
also scleroderma-like renal disease [54].

8.3 Histopathology

Scleromyxedema is characterized by diffuse deposits of mucin in the upper and
middle part of the reticular dermis, increase in collagen deposition in the reticular
dermis, and significant proliferation of irregularly distributed fibroblasts. Mucin
may fill the walls of myocardial blood vessels as well as vessels of the kidney, the
pancreas, adrenal glands, nerves, or lymph nodes [55].

8.4 Differential diagnosis

The primary differential diagnosis of scleromyxedema includes systemic
sclerosis and scleredema. Other conditions in differential diagnosis with possible
presence of mucin in the biopsy include nephrogenic systemic sclerosis. Differential
diagnosis of leonine facies includes, for example, lepromatous changes, leishmani-
asis, cutaneous lymphoma (T cell, rarely B cell), an actinic reticuloid as chronic
actinic dermatitis, systemic amyloidosis, nodular mastocytosis, or sarcoidosis [53].

8.5 Treatment

Recommendations are still based on case reports and open-label small case
series. Many chemotherapeutics, primarily melphalan, cyclophosphamide, metho-
trexate, or chlorambucil, have been tried, with no better results but with the risk
of significant side effects. IVIg, alone or in combination with systemic medications
such as thalidomide or systemic corticosteroids, may be administered as first-line
therapy for cutaneous involvement and also systemic manifestations, including
the dermatoneurological syndrome. Additional therapies include PUVA, UVAL,
systemic retinoids, cyclosporine, electron beam radiation, plasmapheresis, and
extracorporeal photochemotherapy with variable and unpredictable results [56].

9. Scleredema adultorum of Buschke

Scleredema is typically symmetrical diffuse induration and sclerosis of the
upper part of the body especially of the trunk due to thickened dermis with mucin
deposition and with relationship to diabetes mellitus.

9.1 Pathogenesis

Scleredema is a relatively unusual and rare disease that affects patients of all
races. The typical form that is associated with diabetes mellitus is more prevalent in
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men, while other forms are seen more commonly in women. Irreversible glycosyl-
ation of collagen and resistance to degradation lead to an accumulation of collagen
deposition. Furthermore, stimulation by insulin, microvascular changes and dam-
age, and hypoxia during diabetes mellitus may increase the synthesis of collagen
and mucin which result in a dermal deposition of collagen [57].

9.2 Clinical features

Scleredema adultorum may be divided into three clinical types of scleredema.
The first type affects primarily children and middle-aged women. It is preceded by
fever, malaise, and an infection (usually streptococcal) of the upper or lower respi-
ratory tract. The localization of this type is the cervicofacial region with extension
to the trunk and proximal upper limbs. The cervicofacial region typically affects the
perioral localization with difficult opening of the mouth and hindered swallowing.
This type usually resolves spontaneously. The second type shares the same clinical
features as the first but with very slow manifestation and is more commonly associ-
ated with a monoclonal gammopathy [58].

The third type typically affects obese middle-aged men with insulin-dependent
diabetes (scleredema diabeticorum). Sclerosis usually starts very slowly and the
involvement is persistent. Affected skin is usually erythematous and indurated with
typical localization of the posterior region of the neck and the back (Figure 18).
The affected skin has peau dorange appearance. In all three forms, systemic mani-
festations such as serositis, myositis, dysarthria, dysphagia, parotitis, and ocular
and cardiac abnormalities may be present [57-59].

9.3 Histopathology

The main histopathological feature is the thickening of the reticular dermis,
with atypical large collagen bundles. Mucin deposition is also present among
separated collagen bundles. There is no increase in the number of fibroblasts, but
the elastic fibers are significantly reduced in number. Mucin is also accumulated in
the skeletal muscle and in the heart.

Figure 18.
Scleredema adultorum with typical localization of the posterior region of the neck and the back with affected
erythematous and indurated skin.
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9.4 Treatment

Scleredema which is associated with streptococcal infections is self-limited,
thus no therapy is needed. Therapy of scleredema associated with diabetes or a
monoclonal gammopathy is more difficult, and no specific treatment is available.
Phototherapy as UVA1 or PUVA is the first-line therapy. Systemic and intralesional
corticosteroids, intralesional hyaluronidase, antibiotics, methotrexate, cyclospo-
rine, pulse therapy with cyclophosphamide plus oral corticosteroids, tamoxifen,
and allopurinol have all been tried, with variable results [58, 59].

10. Endocrine disorders

Some endocrine disorders like diabetes mellitus and hypothyroidism can be accom-
panied with skin induration and sclerotic changes and may thus be a diagnostic problem
for both systemic sclerosis and its localized forms. Endocrine disorders include sclero-

dactyly as “diabetic cheiroarthropathy” and myxedema in hypothyroidism.
10.1 Diabetic cheiroarthropathy

Diabetes mellitus is associated with a wide variety of rheumatologic mani-
festations which can significantly affect a patient’s quality of life. One of these
manifestations includes diabetic cheiroarthropathy which is associated with type
I diabetes. Diabetic cheiroarthropathy affects typically the hands. It is postulated
to result from increased glycosylation of collagen in the skin and is associated with
retinopathy, nephropathy, and duration of the diabetes [60, 61].

10.1.1 Clinical features

Clinical features include thickened skin and limited joint mobility of the hands
and fingers, leading to flexion contractures and an inability to approximate the
palmar surfaces of the hands and fingers. Sometimes ischemic ulceration and
calcinosis cutis can be present.

Treatment relies primarily on glycemic control and on nonsteroidal anti-
inflammatory drugs and physical therapy with physiotherapy. With improved
glycemic control, the symptoms and signs can be ameliorated and complete reversal
is possible [61].

10.2 Mucinoses associated with thyroid dysfunction

Pretibial myxedema is characterized by cutaneous induration of the shins
due to mucin deposition. It is often associated with hyperthyroidism most com-
monly due to Graves’ disease. Localized myxedema with goiter, exophthalmos,
and thyroid acropachy are typical signs of Graves’ disease. Pretibial myxedema
is found in 1-5% of patients with Graves’ disease and in up to 25% of those with
exophthalmos [62].
10.2.1 Localized myxedema
10.2.1.1 Clinical features

Localized myxedema presents as erythematous, yellowish or skin-colored waxy
induration in a form of a nodulus or plaques. Typical localizations include ventral or
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Figure 19.
Pretibial myxedema presents as erythematous waxy induration and nodulus on the ventral part of the shank.

anterolateral parts of the lower legs or the feet (Figure 19). In early phases localized
myxedema can also present as a diffuse non-pitting edema of the shins or feet that
evolves into lymphedema. Even more rarely, localized myxedema affects the face,
shoulders, upper extremities, the lower abdomen, scars, or donor graft sites. Large
plaques are often painful and pruritic. When present, hypertrichosis and hyperhi-
drosis are confined to the pretibial myxedematous skin [63, 64].

10.2.1.2 Treatment

First-line therapy such as topical corticosteroids or their application under
occlusive dressings can be used. In some cases intralesional injection of corticoste-
roids can be effective. In a patient with lymphedema, medical treatments including
IVIg, rituximab, plasmapheresis, and their combination with surgical treatment
may have some benefit [63, 65].

10.2.2 Generalized myxedema

Generalized myxedema is a manifestation of hypothyroidism where mucin is
deposited in the dermis, leading to waxiness of the skin. This condition is caused by
a quantitative or functional deficiency of thyroxine. Impaired degradation of mucin
and/or increased synthesis is suggested as the main cause.

10.2.2.1 Clinical features

The typical skin is pale, cool, waxy, and dry. Anhidrosis as an absence of sweat-
ing may lead to ichthyosis or eczema “craquelé.” Hair and nails are dry and diffuse
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non-scaring alopecia is also common. A yellowish hyperkeratosis of the palms may
be present. Sometimes purpura on the extremities and skin xanthomas may be
observed [66].

10.2.2.2 Treatment

Early treatment of hypothyroidism is crucial for reduction or cessation of skin
involvement and overall symptoms of the disease.

11. Amyloidosis

The cutaneous amyloidosis represents a heterogeneous group of conditions in
which amyloid, as a fibrillar material that can result from the pathological degrada-
tion of various proteins, is deposited in the skin. In primary cutaneous amyloidosis,
the deposits are derived from keratin (macular, lichen, biphasic) or immunoglobu-
lin light chains (nodular) [67].

The specific cutaneous lesions of primary systemic amyloidosis are waxy, translu-
cent, or purpuric papules, nodules, and plaques. Amyloid infiltration of the skin may
produce thickening and stiffness. Typical localization may be on the limbs but some-
times also on the trunk. This is characteristic of AL amyloid, due to a plasma cell dis-
order in hematological malignancies. Primary systemic amyloidosis is due to a plasma
cell dyscrasia, while secondary systemic amyloidosis arises from chronic inflammatory
conditions such as rheumatoid arthritis or in the setting of chronic infections [67, 68].

Skin biopsy reveals accumulation of amyloid with characteristic staining (Congo
red) properties under polarizing microscopic examination. Immunofixation of serum
or urine is necessary for unambiguous identification of a monoclonal component [69].

Treatment of all forms of amyloidosis is challenging; although the primary
cutaneous forms are not life-threatening, primary systemic amyloidosis can carry a
poor prognosis for a patient [70].

12. Conclusion

Systemic sclerosis mimics include a variety of diseases that may resemble sys-
temic connective tissue diseases such as SSc. Above all, the most common diseases
are discussed in this chapter.

The basis of proper diagnosis and treatment is the interdisciplinary collabora-
tion of rheumatology and dermatology with the possibility of biopsy tissue collec-
tion and histological verification of the disease.

A carefully performed clinical history and physical examination may distinguish
these scleroderma mimic syndromes from systemic sclerosis (SSc, scleroderma)
and from each other. The distribution and the quality/texture of skin involvement
(in SSc typically: sclerodactyly, puffy fingers, ischemic defects/pitting scars/
digital ulcers/gangrenes, telangiectasias, calcinosis), the presence of Raynaud’s
phenomenon (typically signs of a secondary Raynaud’s phenomenon such as onset
after the age of 40, asymmetry, thumb involvement, ischemic pain, history of
symptoms <3 years, worsening attacks) or abnormal nail fold capillary microscopy
(characteristic scleroderma patterns in SSc), the presence and type of associated
systemic manifestations (typical organ involvement characteristic for SSc), and the
association with particular concurrent diseases or specific laboratory parameters
(SSc-specific autoantibodies such as anti-topoisomerase I, anti-centromere, anti-
RNA-polymerase III) can be of substantial help in refining the diagnosis.
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In some cases, a full-thickness skin biopsy is helpful to confirm the clinical
suspicion. Effective therapies are available for some of these conditions, whereas
others are more refractory. For this reason, a prompt diagnosis is important to guide
treatment decisions wisely, to spare the patients from ineffective treatments, to
facilitate appropriate diagnostic evaluations, and to allow for accurate determina-
tion of prognosis [71].
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Chapter 5

Sexual Dysfunction in Patients
with Systemic Sclerosis

Barbora Hermdnkovd

Abstract

Systemic sclerosis (SSc) may affect all aspects of life including sexual function.
Although sexual dysfunction is a neglected area of quality of life in patients with
SSc, it turns out that it is an important issue for both men and women character-
ized by high prevalence. The etiology of sexual dysfunction in systemic sclerosis
is multifactorial and includes factors associated with both physical and emotional
(psychological) status. The most common physical problems in women are vaginal
dryness, dyspareunia, and vaginal tightness. Erectile dysfunction is not only a
frequent but also often underestimated clinical symptom in men with SSc. The
incidence of erectile dysfunction in patients with SSc ranged from 12 to 81% in dif-
ferent studies. The main psychological factors that may affect sexuality are depres-
sion, fear, and changes in the appearance of the face and body that usually leads to
impaired self-esteem. This chapter is a review about the impact of systemic sclerosis
on sexual functioning.

Keywords: systemic sclerosis, sexual functioning, female sexual dysfunction,
erectile dysfunction

1. Introduction

Systemic sclerosis is a chronic rheumatic autoimmune disease characterized
by abnormal fibrotic processes, microvascular damage, and excessive deposition
of collagen into connective tissues. The vascular alterations and immunological
activation lead to progressive fibrosis of multiple organ systems including the
skin, the gastrointestinal tract, kidneys, and the lungs. Disease-associated changes
can have a negative impact on sexual functioning [1, 2]. Generally, sexuality in
systemic sclerosis has been a neglected area so far, especially female sexual dysfunc-
tion. Impaired sexual functioning in women was probably less studied due to the
complexity and multifactorial nature of female sexual response. A little bit more
attention was paid to erectile dysfunction, where etiology is more pronounced even
though women are affected by this disease more often [3-5]. The etiology of sexual
dysfunctions in systemic sclerosis is not well known; the causes are multifactorial
and are related to both the disease symptoms and the therapy. The most common
physical problems associated with female sexual dysfunction include vaginal dry-
ness, dyspareunia, vaginal tightness, Raynaud’s phenomenon, fatigue, generalized
pain, muscle weakness, joint contractures, heartburn, and dyspnea. Presence of
depression, fear, changes in face and body appearance, and lack of self-esteem are
the psychological aspects, which can play a key role in the pathogenesis of sexual
dysfunction in systemic sclerosis patients [6]. The etiology of erectile dysfunction
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is a little bit more understood. It is considered to be a result of microangiopathic
changes. Due to corporal fibrosis and myointimal proliferation, the blood flow in
the penile arteries is reduced.

Several studies have suggested that sexual dysfunction is a widespread problem
in both men and women with SSc. It is more prevalent than in general population
and other chronic diseases [7]. The most common symptoms of female sexual dys-
function are vaginal tightness, dryness, and dyspareunia [7, 8]. More severe sexual
dysfunction is usually associated with depression symptoms, aging, and functional
impairment [2, 9, 10]. The prevalence of erectile dysfunction is about 80% [11-13].
In women, more than half of the SSc patients experience some sexual problems [7, 8].
The management of erectile dysfunction has been more studied compared to female
sexual dysfunction treatment. However, the number of publications regarding
the efficacy of erectile dysfunction treatment in SSc patients is still very limited
and further research is needed. The treatment of female sexual dysfunction in SSc
women has not been paid much attention so far. There are only general recommen-
dations available.

2. Definition and classification of sexual dysfunction

In order to better understand why and how systemic sclerosis may affect sexual
functioning, there is an overview of sexual response models, developed over the
past few years, which led to the current diagnostic and classification criteria for
sexual dysfunction. The first model of female sexual response was described by
Masters and Johnson in 1966. They published that a normal female sexual response
consists of four consecutive phases including desire, plateau phase, orgasm, and
resolution. It was supposed that in both women and men, the sexual response is
commenced by desire which is influenced by the activity of two brain centers—
dopamine sensitive excitatory center and serotonin sensitive inhibitory center.
These centers send a signal going through the descendent nervous system into the
spinal cord from where the genital sexual reaction is triggered. The arousal phase is
mediated by the parasympathetic nervous system, which leads to vascular and geni-
tal changes such as enlargement of the clitoris, dilatation of perivaginal arterioles,
and lubrication and expansion of two-thirds of the vagina. The following level of
excitement is referred to the plateau phase that lasts until the orgasm. The orgasm
phase is accompanied by contractions of pelvic floor muscles, increased heart rate,
respiratory rate, and blood pressure. After reaching orgasm, the body usually calms
down and this phase is called the refractory or resolution phase (Figure 1) [14].

In 1979, this model was modified by Kaplan into a three-phase model, which
consists of desire, arousal, and orgasm [15]. Based on this linear model, the diag-
nostic and classification system was developed. The World Health Organization
International Classifications of Diseases-10 (ICD-10) and Diagnostic and Statistical
Manual of Mental Disorders (DSM-IV) by the American Psychiatric Association
were established. The ICD-10 focused on how physical factors influenced sexual
response, whereas DSM-IV classification emphasized more emotional and psycho-
logical aspects of female sexual dysfunction. Because both approaches followed
the linear model of sexual response, which was later criticized for not taking into
consideration the complexity of female sexual response, the new classification was
needed [16].

In 1998, the Sexual Function Health Council of the American Foundation for
Urologic Disease (AFUD) convened an interdisciplinary congress, which was
attended by 19 experts on female sexual dysfunction selected from five countries.
The aim was to develop a consensual definition and classification based on the
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Figure 1.
The four-phase model of female sexual response cycle; BP = blood pressure, HR = heart rate, and
RR = vespiratory rate. Modified according to [14].

ICD-10 and DSM-IV. The new developed classification has been extended to
include psychogenic and organic causes of desire, arousal, orgasm, and sexual pain
disorders. An essential point of this classification is the personal distress criterion
considering sexual complaint as a disorder only if it causes a subjective feeling of
distress [17].

Further research has shown that the model of female sexual response is still
incomplete and that many aspects affecting women’s sexual function have been
omitted. Studies reported that women often describe overlapping phases of
sexual response in variable sequences. For instance, the unfounded assumption
that desire always precedes arousal has been mistaken, and based on the women
self-report and research data, it was proven that arousal and desire co-occur and
reinforce each other. It was also found that motivation for sexual activity is much
more complex than the mere presence of sexual desire defined as thinking or
fantasizing about sex. Women in different surveys cited that increased desire for
sexual activity may be caused by the emotional closeness of a partner or intimacy
that increases female well-being and self-image, which may include the sense of
feeling attractive, appreciated, loved, or desired. If enough appropriate sexual
stimulation is provided, enough time and intimacy are available, the woman’s
enjoyment and excitement can be intensified. The type of stimulation, time
needed, and interpersonal context are highly individual. Moreover, spontaneous
desire can be affected by the menstrual cycle, which usually decreases with age
and grows with a new relationship. These new findings have surpassed the origi-
nal hypothesis that women’s sexual response must always begin with sexual desire
(thoughts and fantasies) and its absence is the result of a disorder. In addition, it
was confirmed that, unlike men, there is no correlation between female subjective
excitement and genital congestion. Subjective excitement could be influenced
by interpersonal relationships, contextual factors, privacy, appropriateness,
general emotional status, emotional relationships, biological factors, presence of
depression, the influence of hormones (dopamine, testosterone), and others. In
2003, therefore, a revision of the current definition was done. The International
Definitions Committee consisting of 13 experts from seven countries convened
and proposed new definitions, which take into account new findings in the field
of female sexual response [18-20].
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Current definition was again revised in 2010 by the International Consensus
of Sexual Medicine, where the movement away from the nonoverlapping linear
model toward a more circular model depicting the variety of triggers of women’s
desire was accepted. It was emphasized that innate sexual fantasies and thoughts are
not necessary for healthy sexual functioning and that desire is the result of sexual
incentive that may be physically or subjectively perceived. Based on the previous
findings, the arousal disorder was reclassified into subjective arousal disorder,
genital arousal disorder, combined genital and subjective arousal disorder, and per-
sistent genital arousal disorder. In May 2013, DSM-V was released, which also takes
the focus away from the four-phase model, removed the sexual aversion disorder
and merged vaginismus and dyspareunia into a new genito-pelvic pain/penetration
disorder. It was finally noted that sexual dysfunction is a result of both psychologi-
cal and biological and many other contributing factors [15, 21]. In 2015, the Fourth
International Consultation on Sexual Medicine presented the new set of definitions
of all forms of sexual dysfunction in women and men, which was based on ICD-10
and DSM-V (Figure 2) [22].

The newest changes in nomenclature of female sexual dysfunction came in May
2018, when the World Health Organization developed the eleventh revision of the
International Classification of Diseases and Related Health Problems (ICD-11).
The ICD-10 classification of sexual dysfunctions was separated to two main groups:
“organic” and “nonorganic” conditions. The nonorganic sexual diseases were
classified as mental and behavioral disorders and organic belonged to diseases of
the genitourinary system chapter. However, since ICD-10 definition, lots of evi-
dences have been accumulated regarding the causes of sexual dysfunction, which
often involve a combination of physical and psychological factors. The ICD-10
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Figure 2.

Nognlineur model of female sexual response cycle. The initial stage of female sexual response is sexual neutrality,
but with positive motivation (left). The reasons why a woman is willing to initiate or agree to sexual activity
can be that she wants to feel loved, share physical pleasure or be emotionally closer to her partner, please her
partner, or she wants to increase her own satisfaction. Stimuli for sexual activity ave being processed in the
woman’s mind, influenced by biological and psychological factors, and result in subjective sexual arousal. If
sexual stimuli last sufficiently long, sexual arousal and enjoyment will intensify, and it can trigger a desire for
further sexual activity. It is important to note that desive appears at this point, not in the initial phase. When
the stimulation continues and no negatives outcomes ave involved, the process results in sexual satisfaction (with
or without orgasm). Modified according to [23].
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classification was therefore not consistent with clinical approaches in sexual health.
ICD-11 diagnostic guidelines organize sexual dysfunctions into four main groups:

1.sexual desire and arousal dysfunctions;
2. orgasmic dysfunctions;

3. ejaculatory dysfunctions; and

4. other specified sexual dysfunctions.

Moreover, a separate grouping of sexual pain disorders has been established.
Where possible, categories in this new classification of sexual dysfunctions apply
to both men and women even though the differences in sexual response are known.
On the other hand, the neural pathways and neurotransmitters mediating sexual
response are the same for both men and women. Separate sexual dysfunction
categories are provided where clinical manifestations differ [24].

The overview of current diagnostic criteria of sexual dysfunctions is presented
below in Table 1. The present definition according the WHO ICD-11 is: “Sexual
Dysfunctions are syndromes that comprise the various ways in which adult people
may have difficulty experiencing personally satisfying, noncoercive sexual activi-
ties. Sexual response is a complex interaction of psychological, interpersonal,
social, cultural and physiological processes and one or more of these factors may
affect any stage of the sexual response. In order to be considered a sexual dysfunc-
tion, the dysfunction must: (1) occur frequently, although it may be absent on some
occasions; (2) have been present for at least several months; and (3) be associated
with clinically significant distress” [25].

ICD-11 (2018) DSM-5 (2013)

Chapter: conditions related to sexual health

Grouping: sexual dysfunctions Grouping: sexual dysfunctions

Category: hypoactive sexual desire Category: female sexual interest/arousal disorder; male hypoactive
dysfunction sexual desire disorder

Category: sexual arousal dysfunction Category: female sexual interest/arousal disorder
Category: orgasmic dysfunction Category: female orgasmic disorder

Category: ejaculatory dysfunction Category: erectile disorder

Subcategory: male early ejaculation Category: premature (early) ejaculation
Subcategory: male delayed Category: delayed ejaculation

ejaculation

Category: other specified sexual Category: other specified sexual dysfunction
dysfunction

Category: unspecified sexual Category: unspecified sexual dysfunction
dysfunction

Grouping: sexual pain disorders

Category: sexual pain-penetration Category: genito-pelvic pain/ penetration disorder
disorder

Table 1.
The eleventh revision of the International Classification of Diseases and Related Health Problems (ICD-11)

and Diagnostic and Statistical Manual of Mental Disorders (DSM-5). Adapted from [25, 26].
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3. Sexual functioning in women with systemic sclerosis

Persons with systemic sclerosis can experience a variety of symptoms that may
affect all aspects of life, including sexual functions. The exact etiopathogenesis of
sexual dysfunctions in systemic sclerosis is not well known; the causes are multi-
factorial and are related to both the disease symptoms and the therapy. Medical,
pathophysiological, psychological, and social components may be involved in
sexual dysfunction. Both physical and psychological problems arising from disease-
related condition contribute to partnership difficulties, less active and less enjoy-
able sexual life [3, 27, 28].

The most common physical symptom is skin tightness. Due to skin tightness,
the fingers becomes fixed in bent position, which could interfere with sexual
foreplay, touch, and masturbation. If skin tightening causes the mouth to shrink,
kissing or oral sex could become difficult. Sometimes the skin become stiffer
around the vaginal introitus, which often leads to painful penetration, and changes
in the vaginal mucosae causing lubrication disorder contribute to this [27, 29, 30].
Specifically, 56% of SSc female patients reported painful penetration during the
intercourse [31]. The sexual difficulties such as vaginal tightness, dryness, and
dyspareunia were reported by more than half of systemic sclerosis female patients
[7, 8]. It was also published that vaginal tightness (71%), dyspareunia (56%), and
ulceration (23%) were the most common symptoms of sexual dysfunction observed
in 60 women with systemic sclerosis [31]. These genital tract abnormalities could be
associated with a decrease in number and intensity of orgasm, which are also often
observed in SSc individuals [32].

A majority of the systemic sclerosis patients experience Raynaud’s phenomenon,
which can affect not only fingers and toes but also tongue and nipples. This is
another reason, why the cuddling, foreplay, and oral sex could become uncom-
fortable and unpleasant [27]. In addition, a lot of patients suffer from secondary
Sjégren’s syndrome characterized by drying of oral, nasal, ocular, and vaginal
mucosae. The prevalence of Sjégren’s syndrome in systemic sclerosis ranged in
different studies from 20 to 69% depending on the criteria used and sample size.

In Saad’s study, 37% from 83 systemic sclerosis female patients reported Sjégren’s
syndrome, 56% of them had impaired sexual function, and vaginal dryness was the
most presented symptom [29].

Another disease-related problem that impedes sexual activity is the affection
of musculoskeletal system. The presence of joint contractures, stiffness, or pain
leads to limited range of motion and it could restrict the ability to engage in sexual
activities. Other aspects that reduced exercise capacity are muscle weakness and
fatigue. It can be difficult to become sexually aroused when extremely tired. The
consequence of skin thickening and other physical changes is the impaired body
image, self-esteem, and sexuality. However, it has been also reported that body
image dissatisfaction does not correlate with reduced sexual function [30]. Ina
different study, the major reasons for decreased sexual activity in married women
with SSc were fatigue, altered body image, and pain [2]. Regarding psychological
factors, depression is another often presented symptom that has been significantly
associated with a sexual function disorder [8].

There are a few more causes that could lead to less active sexual life in SSc
patients. For instance, in rare cases, the fibrotic process of visceral vessels leads to
renal impairment that may have an impact on sexual desire and orgasm. It is usually
the medication used to treat kidney problems rather than the problems themselves.
Also, gastrointestinal problems such as heartburn or chronic diarrhea may disrupt
sexual activities [7].
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To sum up, existing studies of sexual function among women with SSc have
concluded that sexual dysfunction is common in comparison to the general popula-
tion. It was even showed a significantly greater decrease in orgasm and its intensity
in SSc female patients compared to other systemic rheumatic diseases—rheumatoid
arthritis and systemic lupus erythematosus [31]. What is more, Knafo et al. [4]
published that the prevalence of sexual dysfunction is higher in SSc than in other
chronic diseases such as breast cancer, gynecological cancer, or HIV positivity.

On the other hand, Impens et al. [33] maintain that SSc women remain sexually
active despite the psychological and physical difficulties caused by the disease. In
this study, only 17% of women suffered from female sexual dysfunction primar-

ily caused by systemic scleroderma. Other reasons for sexual inactivity were the
absence of a partner (37%), personal choice (32%), and the health status of respon-
dents’ partners (20%).

4. Diagnostic approach of female sexual dysfunction

The first step in the diagnosis of female sexual dysfunction is a detailed per-
sonal, sexual, pharmacological, and psychosocial history. Where necessary, further
examination by a psychiatrist, gynecologist, or physiotherapist is indicated. There
are several objective methods assessing female sexual function, such as laboratory
tests including hormonal profile or Doppler ultrasonography. However, labora-
tory tests in clinical practice are used only as auxiliary diagnostic methods. With
duplex Doppler ultrasonography, it is possible to display a blood flow in cavernous
tissue vessels, which is performed either under basal conditions or during sexual
stimulations (vibrational or audiovisual) and objectified sexual arousal reactions.
The most commonly used physiological method for evaluating sexual response is
vaginal photoplethysmography, which investigates vascular reactivity during sexual
arousal. It is based on the assessment of congestion of the vaginal mucosae. Other
methods include electromyography, measurement of changes in vaginal pressure,
and measurement of pH [34, 35].

Another widespread screening method is the questionnaire survey. Self-report
questionnaires have a long history of use in psychological and sociological studies
of sexual behavior. For example, Derogatis Sexual Function Inventory is a 245-
item, multidimensional scale that evaluates a wide range of sexual behavior in 10
separate domains. Despite the very strong psychometric properties, this scale is
not widely used in clinical trials due to its excessive length and complexity. Instead,
several short evaluation scales have been developed [36, 37]. Currently, the female
sexual function index (FSFI) is the “gold standard” in assessment of female sexual
functioning [38]. FSFI is a widely used tool that has been validated for use across
multiple populations including women of various age groups, in various health
problems and sexual dysfunctions. It has been developed as a simple multidimen-
sional self-assessment tool for assessing the key domains of female sexual function.
The questionnaire consists of 19 items that evaluate sexual function over the last
4 weeks in six domains: sexual desire, sexual arousal, lubrication, orgasm, satisfac-
tion, and pain [39]. Since the first validation study, it has been translated into more
than 20 languages and validated in over 30 countries [40, 41].

It has to be noted that both objective methods and questionnaire screenings have
their limitations. The main disadvantage of objective methods is the absence of an
intimate condition that can play a key role in the female subjective arousal. Basson
et al. published that intimacy and desire are essential to women’s sexual activity.
Raina et al. reported that intimacy leads to emotional arousal of a woman, followed
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by sexual desire and physical arousal that result in sexual satisfaction. These
findings suggest that the presence of intimacy can be crucial in examining sexual
arousal, and its absence can lead to a lack of emotional excitement and consequently
to incomplete sexual responses [35, 42, 43]. On the contrary, the questionnaires
are filled in private and evaluate women’s real sexual experiences. Moreover, this
method is not time-consuming and costly. However, as with any brief self-report
scale of a complex psychophysiological construct, the questionnaire assessment
has notable practical and theoretical limitations. Self-reported screening does not
provide objective information but only patient’s subjective perception.

In terms of FSFI, its drawback is the assessment of sexual activity in the past
4 weeks. Of course, there are number of reasons why women may be sexually
inactive during a 4-week period and it does not necessarily imply significant sexual
dysfunction. For example, the absence of sexual partner is a very common reason,
why patients are not sexually active. Specifically, the FSFI questionnaire contains 15
questions, which could be answered “No sexual activity” or “Did not attempt inter-
course.” Both possible responses are scored as zero that could become problematic
when lower scores indicate severer sexual dysfunction. In that case, the FSFI could
produce biased results. Other inaccurate data may be the result of relatively vague
terminology. A problematic issue seems to be to define and measure sexual desire
and subjective sexual arousal. Studies suggest that women often have difficulty
distinguishing desire and arousal in their sexual experience. Another drawback of
the FSFI questionnaire is that questions in orgasm subscale are basically focused on
the orgasmic function associated with penile-vaginal contact. In fact, the vagina
is primarily a reproductive organ with little sensitivity, and clitoral stimulation is
more important for female orgasm. Therefore, achieving orgasm should be judged
more in conjunction with masturbation or oral sex than sexual intercourse [38, 44].

5. The use of the FSFI questionnaire in systemic sclerosis patients

The FSFI is also the most common questionnaire evaluating sexual function in
women with systemic sclerosis. It has been used by an Italian team to evaluate the
prevalence of sexual dysfunction in 46 women with SSc. The second purpose of this
trial was to investigate the association with sociodemographic, physical, psycho-
logical, and disease-related variables. Compared to healthy controls, only the FSFI
desire subscale score was significantly lower. The overall score did not substantially
differ from healthy controls. The association with health status, functional ability,
mouth affection, hand disability, and presence of depression was reported [10].

A very similar study has been conducted in the Netherlands. The FSFI was used

to assess the sexual function of 69 SSc women aged 18-60 years. It was that the
FSFI total score and the subscale scores for lubrication, orgasm, arousal, and pain
were significantly lower in comparison with healthy population in the same age.
Impaired sexual functioning and sexual distress were associated with marital dis-
tress and depressive symptoms [9]. Levis et al. first detected women with SSc who
had engaged in sexual activities with their partner in the past 4 weeks, and then
only sexually active patients completed a 9-item version of the FSFI. The aim of this
Canadian cross-sectional multicenter study was to evaluate sociodemographic and
clinical variables that distinguish sexually active from inactive patients and identify
the source of pain during and after sexual activity in sexually active patients. The
results showed that in total only 17% of 547 women were sexually active without
sexual disorder [45]. The same group of scientists in different project used a short-
ened version of FSFI to compare sexual activity and impairment rates of women
with systemic sclerosis to general population data. Among women with SSc, 296 of
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730 (41%) were sexually active and 181 (61%) of sexually active patients reported
sexual dysfunction. It means that only 115 of 730 (16%) patients engaged in sexual
activities without impairment. It was also confirmed that SSc patients are signifi-
cantly less likely to be sexually active and more likely to be sexually impaired than
the general population of women [46]. Severe sexual dysfunction was also observed
in married women with systemic sclerosis. About 8 out of 10 women achieved low
scores in the FSFI questionnaire assessed, and all the subscales were affected in this
study. The reasons why patients reported decrease in the frequency of intercourse
since the onset of their disease and a diminished desire for a sexual relationship
were fatigue, altered body image, and pain [2].

6. Treatment and recommendation for female sexual dysfunction

The management of female sexual dysfunction in the general population is
based on the understanding of the basic physiology of female sexual response.
Currently, several approaches of female sexual function treatment are available. It
is known that some antidepressants can cause sexual dysfunction as a side effect.
Antidepressants, such as SSRIs, are commonly associated with hypoactive sexual
desire disorder (HSDD) and they have to be eliminated or dosed at lower levels.

In women with major and disabling mood disorders, the adjustment of antide-
pressants requires a continuous collaboration with the prescribing psychiatrist,
because dosage adjustments of antidepressants must be done very gradually [47].
Bupropion, buspirone, mirtazapine, vortioxetine, and vilazodone have been

found to have lower rates of antidepressant-induced sexual dysfunction than other
antidepressants, and they can be a suitable medication options for the treatment of
depression [48-50].

Another option, primarily used in menopausal women, is hormonal therapy.
Estrogen therapy may be used to increase clitoral sensitivity and libido and to
reduce pain during and after sexual intercourse. In women with menopause-related
sexual dysfunction that have estrogen treatment experience improved sexual desire,
vaginal atrophy and vaginal dryness [49]. Transdermal estradiol has been found to
be a preferred therapy for depleted estrogen. It is considered as the most effective
therapy available for reducing vasomotor symptoms and associated menopausal
symptoms with minimal adverse effects. Intravaginal estrogens combined with
mechanical dilatations are also highly effective for treatment of vaginal atrophy
[47]. Testosterone replacement therapy may also be considered to increase sexual
desire and libido. Several high-quality sources documenting that transdermal
testosterone is effective in restoring sexual desire are available [47]. Intramuscular
testosterone combined with estradiol in postmenopausal women had a positive
impact on sexual desire, arousal, and frequency of sexual fantasies compared with
women without testosterone treatment [51].

Flibanserin is the first nonhormonal treatment for female sexual dysfunction to
be approved by the Food and Drug Administration (FDA). The approval, in August
2015, occurred fully 18 years after the approval of sildenafil, the first treatment
for erectile dysfunction. Flibanserin is a 5-HT 1A agonist and 5-HT 2A antagonist
and is indicated for acquired hypo-active sexual desire disorder in premenopausal
women. It is strongly recommended to avoid consumption of alcohol while using
flibanserin treatment, because several serious adverse events were found: dizziness,
loss of consciousness, hypotension, and circulatory collapse [49]. Another drug
approved by the FDA is ospemifene, which is indicated in treatment of dyspareunia
in postmenopausal women. It is a selective estrogen receptor modulator that can
be prescribed when hormone replacement therapies fail. The daily dose of 60 mg
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of ospemifene has been found to be effective and tolerable for postmenopausal
women with vaginal dryness and atrophy [52, 53]. To improve sexual functioning
in domains of arousal, orgasm, and satisfaction, bupropion can be used, whose
efficacy is based on the influence of dopamine and norepinephrine reuptake [54].
Although phosphodiesterase type 5 (PDE-5) inhibitors are mostly used in erectile
dysfunction treatment, they can be used in women as well. Sildenafil has been
found to significantly improve arousal, orgasm, and enjoyment in women without
sexual dysfunction. In women with antidepressant-associated sexual dysfunction,
sildenafil (in dose ranges of 50-100 mg) has also shown good efficacy [49].

Rehabilitation treatment can be useful in patients suffering from vaginism,
dyspareunia, and anorgasmia due to pelvic muscle spasms. Adequate exercises
can lead to normalization of muscle tension and relaxation [55]. Psychotherapy is
recommended where the pathogenesis of sexual dysfunction has a psychological
nature. Because recent studies have suggested that more severe sexual dysfunctions
in patients with SSc are significantly associated with the presence of depression
[2, 9, 10], the psychotherapy should be an integral part of the treatment of sexual
dysfunction in SSc patients. In terms of sexual pain disorder, psychotherapy seems
to be immediately helpful although objective research on the long-term efficacy of
psychotherapy for sexual pain disorder is limited and difficult to evaluate [47].

There are some general recommendations for women with systemic sclerosis
that may help to continue enjoying an active, fulfilling sexual life. If sexual activity
is reduced due to pain, it can be alleviated by use of pain medication. The sexual
activity can be scheduled for a time the pain will be at a minimum. A warm bath or
shower before sexual activity often eases arthritic stiffness. The range of motion
exercises before sex may help to reduce the stiffness. If the range of motion is
limited and do not allow comfortable position, then it seems to be a good solution to
experiment with sexual positions and try to find those that are the most suitable
[3, 56]. If sclerosis has caused the mouth to shrink, physical therapist or occupa-
tional therapist can teach patients how to do the exercises to stretch the mouth.
The regular stretching can improve the range of motion of the mouth and make
kissing and oral sex more enjoyable. When fingers become fixed in a bent position,
its possible to integrate stretching exercises as well and use the other part of hands
(thumbs, wrists, or backs of the hands) to touch yourself or partner. An auxiliary
material such as vibrators, creams, and lotions can also be used to enhance sexual
activity. In order to avoid fatigue, patients with SSc may schedule their sexual activ-
ity for that part of the day when they still have enough energy, because becoming
sexually aroused, when tired, is difficult. To prevent a Raynaud episode, it is neces-
sary to keep entire body warm. It is possible to turn up the thermostat, leave some
clothes on, or use extra blankets. When vaginal dryness and dyspareunia occur, the
use of vaginal moisturizers on a regular basis along with lubricants as needed for
sexual activity is the initial step in managing these symptoms. Women can choose
from a number of commercially available lubricants that are either water based,
mineral or plant oil based, or silicone based [47, 55]. Dilator therapy is an another
option that can be useful in treatment of vaginal tightness. This method offers a
nonsurgical approach to restore vaginal capacity and elasticity and alleviate sexual
discomfort. If the penetration is still painful, there are alternative sexual activities
like clitoral stimulation that can be sometimes more enjoyable than intercourse.

If there is no interest in sex, still it is possible to stay physically close by holding or
caressing one another [3, 56].

Several options for the treatment of female sexual dysfunction in normal popu-
lation are available. The management of impaired sexuality in women with systemic
sclerosis was less studied and the further research is strongly needed. What is essen-
tial and beneficial for the patients is the team-based model of care for management
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of sexual dysfunction including a medical provider, physical therapist, occupational
therapist, psychotherapist, and sex therapist [57].

7. Sexual functioning in male with systemic sclerosis

Systemic sclerosis is an autoimmune connective tissue disorder characterized
by following typical findings: endothelial changes, microangiopathic damages, and
progressive fibrosis. These pathological processes may affect various organs includ-
ing penile arteries leading to erectile dysfunction (ED). Male erectile dysfunction
is defined as the consistent inability to reach and maintain an erection sufficient
to permit satisfactory sexual performance. It is a widespread issue in men with
systemic sclerosis. Sexual dysfunction in men has been given more attention than
female sexual dysfunction, and the etiology is more obvious compared to women.
Erectile dysfunction is a result of microangiopathic changes, when the blood flow
is reduced in the small penile arteries due to corporal fibrosis and myointimal
proliferation [5]. It was proven that damage of the penile cavernous arteries occurs
in almost all SSc patients regardless of clinical symptoms. They are characterized by
the presence of hyperechoic spots, suggesting fibrotic changes and low peak systolic
velocities that are signs for vascular alterations [58].

The prevalence of erectile dysfunction in SSc patients ranged from 12 to 81% in
different studies [28]. However, most studies agree that about 80% of SSc men are
affected [11-13]. It was also found that ED is more prevalent in systemic sclerosis
than other inflammatory rheumatic diseases. In a majority of men with systemic
sclerosis, ED started to manifest after the onset of the disease. The mean duration
from the onset of the first SSc symptom to erectile dysfunction was around 3 years
[12]. Risk factors of erectile dysfunction such as smoking, hypertension, diabetes,
and steroid use have been investigated. It was found that only self-reported history
of nerve damage and diabetes are significant for predicting the likelihood of ED in
systemic sclerosis. There are also risk factors that are presented in non-SSc men as
well, like older age or alcohol consumption. The ED association with more severe
diseases in terms of worse skin involvement, elevated pulmonary arterial pressures,
presence of restrictive lung disease, and muscular and renal involvement in SSc
patients was also confirmed [5, 12, 13, 59].

The most likely hypothesis of ED in SSc is a combination of vascular and fibrotic
abnormalities. In men with SSc, decreased penile blood pressure, impaired peak
systolic and diastolic blood flow in the penile arteries, and the presence of veno-
occlusive dysfunction were found. Also, a decreased penile temperature and a slow
recovery after cold exposure were reported. A duplex sonography was conducted to
reveal the thickening of tunica albuginea and diffuse hyperechogenic spots within
the corpora cavernosa. All these findings point to the microangiopathic cause of ED
in male SSc patients. This is confirmed by the fact that no carotid artery thicken-
ing has been found in SSc, which would predict atherosclerotic macroangiopathy.
From a histological point of view, the ED cause in SSc men is the presence of
severe corporal fibrosis, increased collagen production by penile smooth muscle
cells, and increased accumulation of extracellular matrix. Due to these changes,
penile hypoxia arises, which can lead to overexpression of platelet-derived growth
factor (PDGF), transforming growth factor (TGF)-p1 and TGF-p1 receptors in
the corpora cavernosa, which are important profibrotic regulators of collagen
synthesis and production of extracellular matrix. In addition, endothelin (ET-1)
is also released by penile smooth muscle cells. Thus, penile hypoxia stimulates
penile fibrosis. Therefore, it can be assumed that once ED in patients with SSc is
manifested (due to disease), its next mechanisms are similar to those of non-SSc
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population. Other causes such as hormonal abnormalities or neurological causes
have not been confirmed. No disturbances have been found in follicle-stimulating
hormone, luteinizing hormone, serum testosterone, prolactin, estradiol, and
thyroid hormones in SSc patients [5, 11, 59, 60].

8. Diagnostic approach of erectile dysfunction

The diagnosis of erectile dysfunction in SSc patients is not always easy. We are
following the common steps starting with taking a detailed history. Then assess-
ment with appropriate questionnaires and dynamic penile Duplex ultrasound is
required. The ambiguity lies in the fact that penile vascular damage occurs in almost
all SSc patients, regardless of clinical symptoms and the questionnaire results that
often do not match with vascular findings. Thus, it is always better to carry out both
investigations: the duplex ultrasound to document the degree of vascular involve-
ment and self-administered questionnaire. The International Index of Erectile
Function is the standardized and most widely used tool for evaluating erectile dys-
function. As mentioned above, penile temperature in SSc patients is lower than in
healthy individuals. Since cutaneous temperature depends on cutaneous blood flow
and thermal exchanges with deeper tissues, these findings could suggest the pres-
ence of functional alterations of both tissue properties and blood flow. Therefore,
assessing changes in thermal properties and temperature control processes of the
penis in SSc patients could provide a potential clue in diagnosis of erectile dysfunc-
tion. It has to be noted that with the progression of micro/macrovascular damage in
the natural course of the disease, a concomitant penile fibrosis and veno-occlusive
dysfunction occur and usually lead to difficult-to-treat ED. We should pay atten-
tion in cases where the reduced blood flow is observed, for example, on the hands
(Raynaud’s phenomenon), because it can suggest that the penile arterial flow will
be also altered, and it may be a sign of initial stage of ED in SSc patients [61, 62].

9. Treatment and recommendation for erectile dysfunction

It is not a mistake to initiate ED treatment by eliminating general cardiovascular
risk factors including lifestyle, psychological, or drug-related factors, but such
treatment is often unsatisfactory. This step usually has beneficial effect on erectile
function in the general population [63]. Phosphodiesterase-5 (PDE-5) inhibitors
are recommended as a first-line option for pharmacotherapy. In non-SSc men,
this group of drugs causes the relaxation of smooth muscle cells and temporarily
increases arterial blood flow in the penis. However, to achieve an erection, sexual
stimulation is required, because this class of drugs is not considered as an initiator
of erection. Several types of PDE-5 inhibitors are currently available. The most
commonly used are sildenafil (Viagra), tadalafil (Cialis), and vardenafil (Levitra).
Except these, newer molecules of PDE-5 inhibitors can be used, for example,
mirodenafil, udenafil, and avanafil. All types of PDE-5 inhibitors are effective and
safe regarding the treatment of ED in the normal population. The differences are
only in their half-lives, when, for instance, tadalafil is effective for up to 36 hours
whereas the effectiveness of sildenafil is only 12 hours. The choice of a PDE5-I
depends on the frequency of intercourse and the patient’s personal experience
[64, 65]. However, research on the efficacy of PDE-5 inhibitors is very limited in
SSc patients [5]. Proietti et al. reported that once-daily tadalafil improved both
erectile function and vascular measures of cavernous arteries in men with SSc-
related erectile dysfunction. Also, an increase in frequency of morning erections
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and decrease in plasma ET1 levels were found. They suggest that daily tadalafil dose
could play a potential role in preventing progression of penile fibrosis and erectile
dysfunction in male SSc patients [58]. Furthermore, long-acting PDE-5 may lead to
a decrease in the frequency and severity of Raynaud’s phenomenon and the promo-
tion of digital ulceration [66].

Patients who do not respond to PDE-5 inhibitors may be offered to try vacuum
constriction devices. It was reported that patients who used the vacuum therapy
system for a month to increase blood oxygenation in the corpora cavernosa and then
employed the vacuum constriction device to maintain penile erection for sexual
intercourse significantly improved their erectile function and sexual satisfaction
[67]. However, there are no reports about the use of this system in patients with SSc.

Another option for the treatment of erectile dysfunction is prostaglandin
analogues, which can be administered via intracavernous injections or intraurethral
application. Alprostadil is a stable form of prostaglandin E1 that increases the
concentration of cyclic adenosine monophosphate and decreases the intracellular
calcium concentration, resulting in the relaxation of smooth muscle cells. Several
studies reported the efficiency of alprostadil in the general population, but in terms
of SSc patients, it was reported that a substantial percentage of SSc patients did not
respond adequately to intracavernous prostaglandin E1 injections [68].

When pharmacotherapy fails and the patient wants a permanent solution, the
surgical implantation of a penile prosthesis may be considered as the third-line
option. Penile prosthesis improved erectile dysfunction in over 70% of men in
the general population. Available prostheses are either malleable (semirigid) or
inflatable (two or three pieces), but it should be considered that there are two
main complications of penile prosthesis implantation—the mechanical failure and
infection [5, 64, 65].

Most of the treatment options described above have not been verified in patients
with systemic sclerosis yet. In spite of the fact that erectile dysfunction is common
in men with systemic sclerosis, demographics, risk factors, and ED treatments have
not been sufficiently investigated. Only a small case series has described unsatisfac-
tory results with on-demand sildenafil (25-50 mg). The higher dose of sildenafil has
not been investigated. Tadalafil has been slightly better evaluated in the treatment
of SSc-related erectile dysfunction. The efficiency of 20 mg tadalafil on demand
and 20 mg tadalafil in a fixed alternate day regimen has been compared. The results
showed that flow-mediated dilatation and peak systolic velocities of cavernous
arteries at penile duplex ultrasound improved significantly with the alternate day
treatment; but no significant changes were observed after the on-demand tadalafil
dosing. In addition, the alternate day regimen also reduced the plasma levels of
ET-1 and vascular cell adhesion molecule as markers of endothelial function [68].
Therefore, long-term administration of tadalafil and its constant plasma level seems
to have a positive effect on the treatment of ED in male SSc patients.

10. Conclusion

Sexual dysfunction is a common problem in both men and women with systemic
sclerosis. Erectile dysfunction is the dominant issue in males, which seems to be
tightly linked to vascular dysfunction. Sexual dysfunction in the female patient is
not less prevalent, but it is considerably more complex and it has been less studied.
Several diagnostic approaches have been established to assess sexual dysfunction.
Also, there are some treatment options available, but most of them have not been
sufficiently verified in patients with systemic sclerosis. Further research regarding
sexual dysfunction in patients with systemic sclerosis is strongly needed.
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Chapter 6

Biopsychosocial Aspects in
Management of Scleroderma
Patients

Maja Spiritovi¢

Abstract

Systemic sclerosis (SSc) is a rare, chronic connective tissue disease with
characteristic fibrosis of the skin, musculoskeletal system, and internal
organs. It is a heterogeneous and polymorphic disorder, in which fatigue, sleep
disturbances, stiffness, and joint pain are among the most significant clini-
cal symptoms. However, the presence of stiffening and thickening of the skin
usually has a negative impact on the appearance of these patients, and the
degree of self-dissatisfaction can fundamentally interfere with their personality.
Self-consciousness and self-conception of the patient, accompanied by depres-
sion, can also be affected. Thus we cannot regard this disease and approach it
only from a biomedical point of view and should not underestimate the approach
to the psychosocial nature of the treatment. Biological, psychological, and social
factors are interconnected, and imbalances in their complex interactions disrupt
health and cause or worsen the disease. That is why it is necessary to create a
so-called biopsychosocial comfort of an individual with SSc and to develop a
number of activities in the sense of a complex treatment. This chapter focuses
on the psychosomatic approach to health and illness and the development of the
biopsychosocial model in medicine just as it should be used in patients with SSc.

Keywords: systemic sclerosis, biopsychosocial aspects, psychosocial aspects,
psychosomatics, stress, non-pharmacological interventions

1. Introduction

Systemic sclerosis (SSc) is a disease in which fibrosis is one of the dominant
pathological processes which affects the connective tissue, resulting in the involve-
ment of the skin, musculoskeletal system, and internal organs. It is a very hetero-
geneous and polymorphic disease, and in each individual the course and extent of
the involvement is different. Most of the characteristic visceral organ involvement,
such as interstitial lung disease, pulmonary arterial hypertension, and cardiac and
gastrointestinal involvement, has a significantly negative effect on physical fitness
and condition. This decreased level of physical condition neither benefits from the
thickening and rigidity of the skin nor from muscle and tendon contraction and
stiffness of the joints accompanied by pain and an ever-worsening range of motion
in the joints [1, 2]. Furthermore, the mind itself, as a result of such a physical condi-
tion, is not helping these individuals, and together with the body condition, they
aggravate the quality of life of SSc patients in a mutually interacting fashion. In line
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with these principles, the healthcare professional’s approach should be also targeted
toward the body and mind (or soul) of the individuals with SSc, and only then can
the treatment be successful.

2. Systemic sclerosis and its impact on the body and soul

Systemic sclerosis is a rare, chronic, and potentially lethal disease character-
ized by microvascular disorder, immune system activation, autoimmunity, and
increased deposition of extracellular matrix components in the skin and internal
organs [1-3]. To date, many mechanisms involved in the pathogenesis of SSc remain
unclear, but there is increasing evidence suggesting that it is a complex pathologi-
cal process, i.e., the interaction of the environment and genetic factors together
with regulatory epigenetic mechanisms [1, 2, 4, 5]. Visceral organ involvement is
responsible for increased mortality; however, in SSc patients, who are still alive,
involvement of the lung, heart, skin, and musculoskeletal system poses a significant
burden in terms of physical fitness and condition, as well as impairment of func-
tional ability and quality of life [6, 7].

Non-pharmacological care for patients with SSc is becoming an increasingly
important part of the interest of clinical research in SSc and is likely to reduce
disability and improve the quality of life while contributing to the reduction of
the burden of the disease. Overall, such care is predominantly focused on the
musculoskeletal system and the skin [8]. Besides the physical component in the
treatment of SSc patients, we must not forget the psychological (emotional)
component (i.e., soul or mind) and the social components. These components are
greatly and very often underestimated in the treatment, considerably subjective
and different every other day, and therefore very demanding in research setting,
but very useful in routine clinical praxis, if we, physicians or healthcare profes-
sionals, address them.

Every day, the organism is exposed to the effects of various stressors against
which it is trying to resist and adapt to, such as viruses, bacteria, toxins (heavy
metals), drugs, physical and psychological stress and the resulting lack of sleep,
infection, responsibility, sadness, hunger, injury, the disease itself, etc. Each of us
has a different ability to resist these stressors and thus to train the organism in the
fight against them. However, if the burden of stress exceeds the effort of our organ-
ism, it leads to maladaptation, which results in negative consequences. It affects the
psychological and physical state as well as the basic regulatory systems (hormonal,
immune, and nervous) and leads to the onset of the disease or exacerbation of the
disease itself. At the same time, we need some degree of stress to keep these regula-
tory mechanisms in place, for which we have to compensate with a certain degree
of rest. Balance is the basis of good physical and mental health. Inability to rest to a
right extent and form is one of the major factors in the development or worsening
of a disease. Unfortunately, this is usually underestimated in clinical routine, where
the treatment approach often deals only with the physical consequences of the
disease. The patient is regarded as an object, not an entity that has its own way and
means to help itself. And to better understand this principle, it is vital to explain
two main concepts: movement and stress [9, 10].

2.1 Movement—the pillar of life in health and illness
Movement is a basic feature of life, and its disorder is a source of both somatic

and psychological difficulties and significantly influences the motor behavior of a
person regarding its physical, mental, and social aspects. The metabolic, digestive,
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excretory, hormonal, respiratory, and cardiac functions as well as reproductive
organs also have a significant influence on movement behavior. However, the free
movement itself is controlled by the nervous system [11]. Biocybernetics is a scien-
tific discipline dealing with the description of these control processes. Its main pur-
pose is to include different levels of living system information into a model enabling
the understanding of the function of the living organism under physiological and
pathological conditions, i.e., to split a human organism that is a complicated biologi-
cal system into simpler parts that can be more easily described and interpreted so
that the organism can be readily understood as a whole rather than an isolated organ
or subsystem [12]. Thus, a two-way exchange and processing of information is being
conducted between the brain and the executive motor and internal organs. This
constitutes a psychophysiological correlate that cannot be divided. To put it simply,
the brain sends information to the muscles as motor instructions, and the executive
body sends sensory information back to the brain to assure that the instructions were
executed. Nevertheless, the state of mind and the way of thinking also influence

the course of the whole movement [11]. It is said that all living organisms have the
ability to perceive and respond to changes in the external and internal environment
by sensory and motor sensors. These changes are being continuously read by our
brain, processed, integrated, and interconnected with our emotions and then, at the
cortical level, allow us to become conscious of them and understand them. In addi-
tion to all this, the connecting nociceptive component is also important, e.g., painful
inputs, which in most pathological conditions are associated with disorders of
emotional and cognitive pain processing [9, 11]. Thus, every type of physical move-
ment develops a specific type of reflective bodily consciousness that has a significant
influence on how we feel our body and how we perceive the outside world. In other
words, what we do with and to our bodies shapes the way we see and experience the
world [13]. It is therefore important for contemporary science to perceive a person
asawhole, i.e., as a functional unit, his soul (mind) and body, and in unity with

the environment in which he lives. Furthermore, current science should limit the
shortcomings in the sense of Descartes dualism, which is anchored in the history

of medical knowledge and can be visible to this day [14, 15]. These two prevailing
viewpoints in the treatment of an individual, body and soul, if they are apart from
each other, are very limited. From the physical-mechanical point of view, itisa
healing process that focuses on the physical structure of the organism and on the
mechanics of movement at the site of the structure, and less attention is paid to other
well-preserved structures. In this view, the mental influence on movement (caused
by the developed disorder), considered to be a subjective accompaniment of move-
ment, is neglected in the objective analysis of the mechanics of motion. On the other
hand, from a psychological point of view, it is a treatment procedure focused on the
evaluation of the movement function affecting the formation of the organ structure,
as well as on the personality character and its influence on the movement behavior,
which can cause motor failure [11]. Both viewpoints during treatment emphasize a
certain component of movement and do not separately meet the condition of a com-
prehensive treatment approach. Such a holistic treatment approach and procedure
should include both of these components. In the treatment of an individual, it should
be very beneficial to both sides, to the patient and the healer, and eventually to the
whole system and economy. We are no robots, thus we should neither divide “soma”
from “psyche” nor “psyche” from “soma,” neither in treatment nor in prevention.

2.2 Stress, our friend and foe

However, in order to maintain balance and life (movement, “psyche” and
“soma”), it is important to adapt to various stressors acting on the living organism.
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Despite the fact that ancient philosophers knew about stress and its effects, Hans
Selye is considered to be the “father of stress.” His well-known concept of general
adaptive syndrome (GAS) refers to three levels of biological response to stress: (a)
alarm reaction stage (fight or flight), (b) resistance stage (adaptive), and (c) exhaus-
tion stage [16]. In his study of stress, Selye noted that patients with different illnesses
had many of the same non-specific symptoms that were a common response to stress-
ful stimuli and that long-term stress exposure led to adaptation disorders. Although
the GAS hypothesis was subsequently shown to be incorrect, it has put stress on the
map and also emphasized that stress has a major impact on the immune system and
on the adrenal glands [17-19]. In addition, epidemiological studies dealing with stress
confirm the association between fetal malnutrition or poor nutrition in early life and
coronary heart disease and constant changes in glucose metabolism, resulting in the
development of diseases of civilization such as type 2 diabetes and myocardial infarc-
tion [20, 21]. Similarly, advances in studying genes, which increase the vulnerability
of individuals to stressful life events, have attracted considerable research interest.
For example, polymorphism in the monoamine oxidase A (MAOA) promoter that
reduces MAOA expression affects vulnerability to environmental influences. This
biological process can be initiated by childhood abuse. Furthermore, polymorphism
in the serotonin transport gene promoter can also make individuals more prone to
stressful life events [22-24]. At the same time, neuroendocrinology research revealed
that the autonomic nervous system and hypothalamic-pituitary-adrenocortical
(HPA) system serve as means of the afferent and efferent limbs of the stress response
in vertebrates and are also central for maintaining homeostasis and allostasis [19].
Nevertheless, there is no unambiguous definition of stress but different perspectives
depending on the studied field and different conditions. Stress is based on two basic
concepts: physiological, non-specific (based on general knowledge), and psychologi-
cal, specific (based on the specifics of each individual). Thus we can say that stress

is a universal concept that denotes any burden and any stress response leading to a
violation of integrity, may it be supposed or true [25, 26]. According to Selye, stress
is a non-specific (i.e., occurring stereotypically after a variety of stresses) physiologi-
cal response of the organism to any requirement applied to the organism. He argued
that stress is not identical to emotional excitement or nervous tension because stress
can occur during anesthesia in humans or animals and may also occur in plants and
bacteria that do not have the nervous system [27, 28]. Criticism of this definition

has been subjected to an experimental test that has shown that each stressor has its
own specific neurochemical signature. Since these stress indexes are limited to only
two neurohumoral systems and since most stressors have at least some overlapping
responses, it is not clear that this approach degrades Selye’s definition. In addition,
regardless of these limitations in the definition of Selye, cellular response to stress (in
all living cells) is at molecular level represented by stress-induced synthesis of stress
proteins or heat shock proteins (Hsps), of which molecular chaperones and proteases
represent two well-characterized families. Many studies have shown that the response
to heat shock is ubiquitous and highly conserved in all organisms from bacteria to
plants and animals. It is a necessary defense mechanism for protecting cells (cyto-
protection) from a wide range of stressors, including heat shock, alcohols, ischemia,
energy metabolism inhibitors, heavy metals, oxidative stress, fever, or inflamma-
tion that, depending on amplitude and duration, can cause cell death by apoptosis

or necrosis. Hsps also serve as modulation signals for immune and inflammatory
responses and may play a role in the production of cytokines [19].

Selye also assumed that if the psychosocial aspect is as important to a human
being as a biological aspect, its influence will have the same strength and conse-
quences for the organism as biological factors. This has been later confirmed by new
findings which demonstrate that psychological trauma has, in principle, analogous
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consequences to physical trauma. Thus the stress model has become an important
tool of psychosomatic approach [29].

Nowadays, there is a lot of research and growing interest in stress research focus-
ing on interactions between gene and environmental factors and the role of epi-
genetics and other mechanisms of gene control (e.g., RNA interference) in stress.
This is also very important for research on rheumatic diseases, especially systemic
sclerosis.

Systemic sclerosis is a disease, as we have indicated, where motion and locomo-
tion are restricted, and the disease itself is a stressor. Let alone the disease itself
could be triggered by a stressor in a genetically predisposed individual.

So now it can be clear that the presence of tissue fibrosis in patients with SSc
may adversely affect the transmission of information from receptors in the skin,
muscles, joints, intestines, blood vessels, etc. This can consequently adversely affect
the perception of internal and external changes, i.e., transmission, processing,
and integration of information from internal and external environments, and the
subsequent response of the patient with SSc, which is usually accompanied by pain
and emotionally narratively experienced by the patient on an individual basis. Such
a physical state can have a negative impact not only on the motor behavior of the
SSc patient but also on the state of mind and the way of thinking which, conversely,
have an impact on the course of movement, self-perception, and the surround-
ing environment. Adaptation of the organism in such a diseased condition is then
weakened by various stressors, and its perceptions and interpretations may be
unfavorable. The extent of dissatisfaction with a visibly changing person, not only
for the patient but also for other people in his surrounding, the reaction of which
the patient perceives very negatively, basically interferes with the personality of
the patient and interpersonal relationships, self-esteem, self-image, self-efficacy,
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Figure 1.
Biopsychosocial interactions in general population and systemic sclerosis.
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and socioeconomic position. To make the situation even more complicated, chronic
fatigue; pain; disease-specific features, such as disease progression, severity, and
related organ involvement; and subsequent reactive depression or anxiety greatly
reduce the quality of life in SSc patients, as depicted in Figure 1.

2.3 Quality of life and its areas affecting the general condition of
patients with SSc

As stated in the previous paragraph, there are a large number of symptoms
accompanying SSc patients that affect the quality of life and are variably present on
an individual basis, i.e., to a greater or smaller extent and with varying intensity and
time course. All of them, however, have a negative impact on the entire biopsychoso-
cial personality of the individual and are influenced by a number of physical, psycho-
logical, and sociocultural factors. A recent analysis of a large Canadian study found
that the most frequently reported symptoms (out of 65 possible symptoms with
moderate to severe impact on activities of daily living) by SSc patients (more than
450 in total) are fatigue (89-72%), Raynaud’s phenomenon (86-72%), hand stiff-
ness (81-59%), joint pain (81-64%), and sleep disorders (76-59%). Nevertheless,
decreased hand function and joint and muscle pain have often been associated with a
moderate to severe impact on daily activities. Fever, loss of appetite, weight loss, and
reactive depression were also listed in the constitutional symptoms [30].

In a 2013 review of the studies on psychosocial aspects of SSc that were published
in the literature following the publication of the Consensus Research Program in
2010, which reflected the limitations of available studies in this area, researchers used
structured interviews to determine the prevalence of clinical mood disorders in SSc.
It has been found that anxiety remains understudied, and distress may be a useful
outcome to consider. Predictors of fatigue and sexual dysfunction in men and women
with SSc have been identified. Furthermore, body image distress suggests the impor-
tance of changes in the facial skin and hands, and breathing problems and fatigue
predicted workplace disability. The study also found the importance of multidisci-
plinary care for the quality of life related to health. The truth remains that after the
publication of this Consensus Research Program in 2010, the research methodology
in the SSc psychosocial area has improved; nevertheless, there is still no prospective
study in this field. Interventions need to be developed and tested through randomized
controlled trials with the power to detect clinically meaningful changes [31].

Evidence-based medicine (EBM) of factors and symptoms subjectively expe-
rienced is always very limited due to the complexity and reliability of its research.
This is especially true for rare diseases such as SSc. However, the subjective experi-
ence of any disorder plays an important role in the subsequent projection of the
symptoms of the disease. When searched for in scientific databases, published
studies are often evaluating the quality of life, depression, fatigue, or pain in SSc
patients. Yet, we all, physicians or healthcare professionals, if we have listened to
patients and had that holistic approach, have certainly met many patients who
complained not directly about depression or the quality of life but especially on
pain, fatigue, sleep disturbances, a certain movement, functional limitations and
inability, fear of the future, suicidal tendencies, shame in the circle of their friends,
mouth opening problems, inability to work, sexual dysfunction, issues associated
with pregnancy, etc. In addition, their psychosocial problems resulting from this
disease could even somatize. We are well aware of several other issues that may play
arole: anxiety that is not just a feeling but a whole range of chemical processes;
presence of larval depression; variability of pain and its perception based on every
individual experience; some forms of pain that are also mediated by the so-called
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My fingers curl and I cannot properly close the fist, thus everything is falling out. I cannot open a bottle of
water

At work, I do not want to shake the customer’ hand. I could, but he would immediately notice and recognize
that there is something wrong with my hands. That is why I am so ashamed of shaking people’s hands

When someone squeezes my hand, then it hurts, and I make a painful grimace. Then he immediately knows
that there is something wrong with my hands and I am ashamed

I cannot point at someone with the raised index finger, or point up the thumb to show someone thumbs up,
or to make high five with somebody

I cannot scratch my back, but at least I can still wipe my behind

My ability to write with a pen has deteriorated, and my signature is constantly changing, which has been
noticed by the staff in the bank

My face feels like a mask, and I feel that people around me realize that there is something wrong with my
face. I can also tell the difference from the reactions of men: earlier, when they met me, they changed their
behavior, straightened up, and tried to make a contact with me. Now they look like they do not see me at all

My mouth and tongue are becoming tightened, therefore it is more difficult for me to articulate, and
sometimes I am being misunderstood. I cannot stick my tongue out at anyone

My eyelashes are falling out, thus I cannot apply paint to my lashes

To go out with friends for a dinner? I could, but I usually do not order any food because I know I would feel
sick. I cannot have a wine because of heartburn. When I drink a beer, it comes back and I have a full mouth of
bubbles. However, I can still do shots. Thus I mostly look like a fool, because I can only order still water, and
everyone is asking me with sympathy, why I cannot eat. And then they feel sorry for me. Sometimes a piece
of food falls out of my mouth

When on vacation, I have a problem eating at the hotel. Since my lungs are affected I cough every morning.
When I go for a breakfast and start coughing, everyone looks at me and thinks I have tuberculosis or at least a
contagious infection. Similarly, I get the same awkward feeling when traveling by a subway, bus or airplane.
Usually I cannot eat much for dinner

I am not fit and able to climb a small hill

I cannot drink using a straw, whistle or lick my lips

My dentist is hysterical when he sees me. My teeth never used to decay easily, but now, even if I clean them
very carefully, they do. I still have all four wisdom teeth and the dentist is afraid of repairing or extracting
them since he cannot access them properly

When I had my picture taken for a new ID, I smiled a little. The clerk was making fun of me. I did not
know why. Then he showed me the photo, if it was okay. I had a skewed smile. I told him that I always have
asymmetrical smile, and that he should take a new photo. However, it was the same. When he did it once
again, I eventually believed I looked this way

Because my esophagus is affected by scleroderma, I have to sleep in a semi-seated position, which is hard to
organize in a hotel, which usually has a problem to get so many pillows for me. Thereafter, in the morning I
walk hunched over from back pain

It annoys me when my friends, who have not seen me for a week, ask me, how I am doing. If my illness has
improved. It bothers me when they feel sorry for me. I'd rather never have to meet anyone

I do not like to go anywhere, although prior to my illness, I could not stand it being without other people

My boyfriend left me because I could not satisfy him manually, orally, or vaginally. I'd rather die

Will my disease get worse when I deliver my baby?

I do not trust the doctors. I blame the contraception pills for triggering my illness

I have no friends anymore, because my physical condition is not what it used to be. They do not want to wait
for me. When we should go outside for a walk, they rather say that they do not want to burden me, and that I
should stay at home

I have two little children and I am afraid I will not be able to take care of them sooner or later. My husband
left me

I am unable to work and am not financially secure. When I say I have a disease, no one wants to hire me

141



New Insights into Systemic Sclerosis

I have an affected esophagus and lungs, and digestive problems too. Other than that I do not look as a sick
person. My biggest problem is fatigue, due to which I cannot normally function. Everyone thinks [ am
malingering. I have no support and I am in it on my own, and thinking about committing suicide

People are avoiding me

My breasts are gone

My skin is itching terribly and my face is full of small red spots

My skin color is changing, I look terrible

I cannot look in the mirror at myself anymore. It is not me.

There are only few specialists dealing with this disease and my doctor is very passive. I have to tell him what
to prescribe

I live in countryside, and there is no physiotherapist available who could help me

I am not interested in any groups of patients with this disease. On one hand, they scare me, on the other
hand, I feel alone. I want my normal life back. Will I ever have my old life back? Can I be healed?

I have researched this disease in the internet, where I found information that I would die within next 5 years.
Is that true? If yes, I'd rather kill myself right now

On Facebook, I have read that stem cell transplantation can heal my disease. Is that true?

Do you think that alternative methods can help me? I have spent a lot of money already, and nothing has
changed. What should I do? I do not want to die

I am unable to catch a bus or tram, since I cannot run, my lungs do not allow it. I am stiff, in pain and slow

What, do you think, would help you most in the treatment of your disease? Patients’ answers: rest, option,
freedom, peace, absence of introversion, contact with other people, experience, divorce, etc. (none of the
patients said or thought about any potential new or existing drug!!!)

Table 1.

List of a few selected authentic sentences from the point of view of patients with SSc, which emphasizge the need
for a biopsychosocial model of the treatment of patients with SSc (from the author’s own long-term experience
with approximately 150 patients with SSc).

hidden central nervous system defects; chronic pain which always accompanies a
change in behavior that often complicates and prolongs the course of the disease;
some emotional or social problems which cannot be read well and are erroneously
processed by a patient and then they are experienced in a physical form, etc. [9].
From my own experience, I particularly depict a few points of subjective experi-
ence in a few selected sentences articulated by the majority of more than 150 SSc
patients during my 7-year practice that can be exhaustive for us healthcare profes-
sionals, but, on the other hand, they depict the everyday nightmare of patients with
SSc (Table 1). This suggests that, aside from the EBM, SSc patients, if we listen
to them, have psychological, emotional, social, and socioeconomic problems that
should not be overlooked, because if they are not addressed, each of our treatment
approach is wrong and we will not achieve the desired result. Thus, it is not enough
just to direct the treatment in a biomedical manner, but it is necessary to aim, more
extensively and as soon as possible, for the so-called biopsychosocial comfort of an
individual. Therefore, interdisciplinary cooperation and the development of a num-
ber of activities in the area of complex rehabilitation are necessary in order to bring
its significance to the attention of the wider medical community so that it becomes a
necessary part of the treatment of patients with SSc in clinical practice.

3. Biopsychosocial model of the treatment of patients with SSc

Contemporary medicine should evolve to the ideal of a biopsychosocial (BPS)
approach, i.e., psychosomatic treatment of patients, let alone its research. Because
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not just one, but all three factors (not separating emotions either), as we have
suggested, precede some malfunction, experience, progression, and prognosis. In
other words, “psyche” and “soma” form an integral and functional inseparable unit.
Although in 1977 the World Health Organization (WHO) adopted a BPS model of
illness involving biological, psychological, and social factors, which aims to extend
the vision of a physician to psychosocial contexts, and to apply its practical use in
everyday practice, there is still along journey to a BPS model of treatment. It is due
to the fact that one of the factors of increasing imbalance disfavoring psychosocial
factors in ailing, besides its considerable complexity, can be the EBM methodology
itself, which still favors biological factors in obtaining evidence of the correctness
of the treatment [32]. The need for the BPS model of treatment was pointed out
by Engel in the 1970s and 1980s [33, 34], who argued that the biomedical model

of treatment does not take into account the psychosocial aspects of health and
illness. He explained it by the fact that other factors (such as subjective experience
of illness) that affect social, psychological, and cultural variables also interfere
with biochemical responses and they need to be assessed in a view of their interac-
tion with each other. Engel did not deny the importance of biomedical research in
medicine, but criticized the too narrow (biomedical) focus of leading clinicians
who see patients as objects and ignore the possibility that subjective patient experi-
ence is accessible to a scientific study. He promoted his ideas not only as a scientific
proposal but also as a basic ideology that tried to reverse the dehumanization of
medicine and the disarmament of patients. Furthermore, his research in psycho-
somatics has pointed to an integrative view, showing that fear, fury, neglect, and
attachment have physiological and developmental effects on the whole organism
[35]. According to him, the BPS model is a complex and systemic view of relation-
ships that affect both health and illness both inside and outside the individual [36].

On the contrary, critics of the Engel’s BPS model support Grinker’s approach,
which highlights biological factors that were otherwise ignored, especially in mental
illnesses [36]. According to Monet and Lazarus, the BPS model is based on a stress
theory that has a psychological and physiological level including the level of the
environment [37]. And, according to Junne and Zipfe, there is a need for an inter-
connected biomedical and biopsychosocial approach and interdisciplinary coopera-
tion [38]. Some authors think that the BPS model has helped patients to make better
use of existing knowledge than the science itself in medicine [35]. Nevertheless, in
1977, the BPS model of illness was adopted by the WHO, which at the same time
defined health as “a state of complete physical, mental and social well-being, and
not merely the absence of disease or infirmity” [39].

Indeed, the definition is clearly indicated by the fact that if we want to heal or
approach a healthy condition, an individual with SSc (or any other individual) must
concentrate on maintaining a balance between these mutually affecting factors,
which also jointly influence the onset, progression, and prognosis of the disease, its
outcomes, and mortality of SSc patients. Biological factors in SSc comprise microvas-
cular involvement of unknown etiology, immune activation, and progressive tissue
fibrosis against which there is no universal effective drug available to date. In addition,
more and more evidence points to a close link between environmental factors and the
pathogenesis of SSc, i.e., the complete pathological process of interacting with the
environment and genetic factors that corresponds to epigenetic mechanisms [3].

At the same time, fatigue, depression or anxiety, body image distress, pain,
functional limitation, decreased quality of life, and disturbance of sleep patterns
were noted among the main psychosocial factors influencing the adaptation to this
chronic illness [31, 40-46]. Furthermore, from our own experience, in the history
of patients, we can identify factors that precede the onset of the disease, namely,
exposure to stressors and environmental factors, poor lifestyle or social support
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(family, society, and community), personality, emotional incompetence, etc. The
question remains: Who is responsible for the treatment and resolution of these
factors? The physician? Physiotherapist? Psychologist? Gynecologist? Sexologist?
Occupational therapist? Social worker? Or some other healthcare professional?

In the BPS model of treatment, the answer is clear—interdisciplinary coopera-
tion which is very demanding but beneficial. And if there is no interdisciplinary
cooperation, all of these factors (because these patients usually have them) fall into
the care of one expert, who can experience a burnout or ignorance syndrome from
exhaustion and great exertion and misunderstanding of all the components.

Unfortunately, the current concept of medicine addresses most of the patients (let
alone patients with a rare and incurable disease like SSc) as an object from a biomedi-
cal point of view, assuming the linear relationship between the pathophysiology of
the disease, its course, the patient’s involvement, and disability, whose usual means of
treatment are insufficiently effective. This is also the case if healing does not take place
in a multidisciplinary team and the psychosocial factors affecting the ability of patients
with SSc to face their disease are neglected and underestimated due to the idea that
they belong to other professionals competent in this area. In addition, possible soma-
tized psychosocial problems caused by this disease in SSc patients, who respect a physi-
cian who performs a social role for them which equals the position of God, strengthen
this biomedical model most of the time. On the other hand, the psychosocial model
assumes that the interdependence between the bio-, psycho-, and social variables is
rather complex and therefore the SSc can be understood as a significant predictor of
amental condition. This is how we can say that such an integrated BPS model of SSc
includes both the effects that contribute to the progression of the disease but also the
influences involved in the disease behavior. However, none of the processes is linear but
involves circular cycle and feedback with a repeating process over time [47-49].

From my own experience, I can point out that during the diagnosis process and
subsequent treatment, the patient with SSc suffers from several stages of disease
acceptance: from shock upon diagnosis, detection of its prognosis on inadequate
web sites, anxiety states at the time of first physical symptoms and increased
follow-up, inappropriate expectation of the results of further examinations to
a depressive state of varying intensity. Another response is deciding whether to
undergo treatment at all if there is no universal effective drug, and the drugs used
to suppress the symptoms of the disease have many other undesirable and poten-
tially toxic effects on the body. Consequently, some even experience maladaptation,
refusal of treatment, and accompanying deep depression with suicidal thoughts.
Nevertheless, the patient is constantly confronted with the reality of decreased life
expectancy (70% of SSc patients survive for 10 years), the fear of pain, change in
appearance, functional limitation, dependence on another person, loneliness, lack
of social support, cessation of many activities, fear of treatment side effects, death,
etc. Cognitive assessment of threats created by stressors and other possible sources
has a central role in the effects of stressors on psychosocial and somatic outcomes.

In a 2014 study, where a personalized approach was used for modeling bio-
psychosocial features in relation to SSc-associated pain, the results indicated that
psychosocial functioning is the basis for understanding the pain in this population,
and physicians should apply the holistic approach and, if appropriate, recommend
pain management in specialized centers [49].

And such a complex BPS model in SSc patients offers a comprehensive approach
to diagnosis and treatment of its manifestations, including pain that mostly leads to
suffering. However, suffering through somatization can also create pain, influenced
by cognitive and emotional factors. This means that for a SSc patient, social and
psychological impairment as a result of painful experience can be as difficult as
somatic injury.
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4, Conclusion

In conclusion, we can say that without the need to investigate EBM, an indi-
vidual complex of biopsychosocial factors influences the onset, progression,
treatment, and survival of SSc patients. In addition, besides the biological factors,
the psychological and social factors play a significant role in negatively affecting the
quality of life of patients with SSc and their interpersonal relationships, disruption
and change of their personality and behavior, and coping with the illness. Since the
illness and the consequences of treatment are reflected and manifested not only at
the somatic level but also at psychological (emotional) and social levels, we should
consider all these components in the treatment and approach in a multidisciplinary
fashion. Since fatigue is one of the most prevalent symptoms which is adversely
affecting the SSc patients, future research should investigate whether such a
disease-associated depressive condition negatively promotes fatigue or whether
effective pain management could reduce fatigue or explore other possible causes
of fatigue and then find adequate strategies for its effective management. In any
case, anyone involved in the treatment of SSc patients should have that twenty-first
century holistic approach, take a proper medical history, and listen to patients’ own
opinions about their quality of health, which could help to spread the knowledge
about psychosomatic correlations of the disease and adequate modification of
the therapy for the patient. Nevertheless, proper education and awareness of the
patient’s illness is essential in managing the illness according to the best practice
available.
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