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Abstract

Systemic sclerosis (SSc), the most lethal of rheumatologic conditions, is the cause of death in
>50% of SSc cases, led by pulmonary fibrosis followed by pulmonary hypertension and then
scleroderma renal crisis (SRC). Multiple other preventable and treatable SSc-related vascular,
cardiac, gastrointestinal, nutritional and musculoskeletal complications can lead to disability and
death.

Vascular injury with subsequent inflammation transforming to irreversible fibrosis and permanent
damage characterizes SSc. Organ involvement is often present early in the disease course of SSc,
but requires careful histories and vigilance in screening to detect. Inflammation is potentially
reversible provided that treatment intensity quells inflammation and other immune mechanisms. In
any SSc phenotype, opportunities for early treatment are prone to be under-utilized, especially

in slowly progressive phenotypes that indolently accrue irreversible organ damage resulting

in later-stage life-limiting complications such as pulmonary hypertension, severe ILD, cardiac
involvement and malnutrition.

A single SSc patient visit often requires much more physician and staff time, organization,
vigilance and direct management for multiple organ systems compared to other rheumatic or
pulmonary diseases. Efficiency and efficacy of SSc care enlists frending symptoms and bio-data;
and can be sustained financially by understanding insurance reimbursement policies. Sharing

care between scleroderma centers and local cardiology/pulmonary/rheumatology/gastroenterology
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colleagues may prevent complications and poor outcomes, while providing support to local
specialists.

As scleroderma specialists, we offer a practical framework with tools to facilitate an approach
to optimal, comprehensive and sustainable care in SSc. We anticipate this framework to remain
relevant in the assessment, care and prevention of disease and treatment complications of this
complex disease.
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scleroderma; systemic sclerosis; symptom burden; quality of life; survival; mortality; health
systems

l. INTRODUCTION

Systemic sclerosis (SSc), the most lethal of rheumatologic conditions, is the direct cause

of death in >50% of SSc cases; led by pulmonary fibrosis, pulmonary hypertension and

then scleroderma renal crisis (SRC). Multiple other preventable and treatable SSc-related
vascular, cardiac, gastrointestinal, nutritional and musculoskeletal complications also lead to
disability and death.

SSc is characterized by vascular injury and disrepair that incites systemic progressive
inflammatory transformation to fibrosis at widely variable rates and intensities.
Inflammation is a reversible phenomenon provided the intensity of treatment matches that
of the inflammation. End-stage fibrosis is permanent and irreversible. Organ involvement

is present early in the SSc disease course, requiring ongoing screening and careful patient
questioning to detect. Reduction of disability and mortality hinges on prevention of vascular
and fibrotic damage which is directly dependent upon early recognition of active disease,
even in the indolent disease phenotypes, with initiation of appropriate treatment to prevent
fibrotic transformation.

Delayed diagnosis is common in autoimmune diseases and disproportionately frequent in
those of African and Hispanic descent, for whom these diseases tend to be more severe
and deadly.1¢ Importantly, slowly progressive phenotypes indolently accruing irreversible
structural changes and organ damage are less prone to receive treatment, resulting in
end-stage SSc complications such as pulmonary hypertension, cardiac involvement and
malnutrition. Diagnostic delays, misdiagnoses and complication oversights are likely
underpinned by preferential reliance on laboratory data in a clinical setting that is

hurried and where authentic empathetic listening, careful history-taking and physical exam
performance may be impaired.

Efficiency and efficacy of SSc care that meets the health-related quality of life (HRQoL)
and survival needs of patients requires trending symptoms and bio-data over time,

it also requires multiple streams of management that are sustained by understanding
visit reimbursement policies. A single SSc patient visit commonly involves extensive
investigation, coordination and direct management for multiple organ systems, exacting
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physician and staff time and effort beyond other diseases. Sharing care between scleroderma
centers and local specialists provides robust patient-centered management and patient skill-
building for self-management of this complex disorder.

As scleroderma specialists, we offer an abbreviated reference manual and practical
framework, that we hope supports clinicians and patients, with informational summaries
on symptoms, manifestations and complications with tools and templates for screening,
assessment, documentation, risk stratification, counselling and anticipatory guidance, and
discussions surrounding clinician sustainability.

IIl. PATHOLOGIC DRIVERS IN SSC THAT IMPACT TREATMENT DECISIONS

A. Inflammation-Fibrosis Axis: From Preventable to Irreversible Damage

Beyond the widely heterogeneous nature of SSc presentation, progression and potential
organ involvement, a major challenge impeding SSc care is the ability to distinguish
between states of active progressive disease and its subsequent fibrotic damage.
Inflammation-fibrosis transformation is a progressive process with an advancing front of
potentially reversible inflammatory assault. Inflammatory tissue left untreated is damaged
with increasing expanses of fibrosis. Inflammation and fibrosis are often coexistent, but
with increasing fibrotic expanse leads to worsening irreversible disability and, possibly,
death over time. Though currently difficult to distinguish with certainty, even in the
absence of ESR or CRP elevation and regardless of coexistent fibrosis, concern for any
degree of inflammation i.e. progression, should prompt consideration to initiate systemic
immunomodulatory therapy.

Symptoms and impairment burden dynamically relate to the extent of either inflammation,
fibrosis or a combination thereof (Figure 1). Symptoms worsen with extent of involvement;
but potential symptom reduction or reversal with systemic treatment requires some degree
of active tissue inflammation to be present. For example, progressive ILD, can manifest

by dropping forced vital capacity (FVC), dry inspiratory cough, and breathlessness that
improves after systemic treatment.’”-10 Whereas, residual inactive fibrotic damage resulting
from prior inflammation is now unresponsive to immunosuppression.

B. Circulation and Mechanisms of Disease

Vasculopathy, vascular injury with tissue hypoxia and pathologic circulation interplay with
and are drivers of inflammation and fibrosis. The earliest hallmark of SSc disease is
vascular injury, dysfunction and disrepair, without evidence of inflammatory infiltration

i.e. not vasculitis.1112 Vascular dysfunction and Raynaud’s phenomenon (RP) symptoms
predominantly predate non-RP symptoms by several years. In the genetically predisposed
host, vascular injury may incite immune system activation through upregulation of adhesion
cells and perivascular migration of immune cells, including macrophages, which may have a
direct role in fibroblast stimulation.

The presence of abnormal capillaroscopy predicts the development of connective tissue
disease (CTD) in patients with RP; and ANA positivity heightens that predictive power.13
SSc nailfold capillaroscopy patterns are well-described reflecting the vasculature struggling
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against the pathologic progression of the disease. 4(Figure 2). The presence of abnormal
nailfold capillaries contributes >20% toward SSc classification criterial® and predicts'6 the
development of a CTD 7and SSc;13:16.18.19 making capillaroscopy, with at least a handheld
device, an essential assessment tool in rheumatologic care (Figure 3).

A normal nailfold bed demonstrates long thin hairpin loops resembling the abundance

of wheat fields. In the “early’ and ‘active’ SSc patterns, the capillaries dilate and giant

loops occur, as well as microhemorrhages, ballooning above the injured vessels. Later in

the course of SSc, capillaries ‘drop-out’ leading to a rarefaction of the capillary network.
Edematous ‘puffy fingers’ or diffuse infiltrative fibrosis sometimes make nailfold capillaries
difficult to visualize. 19-25 The “late’ pattern is characterized by marked rarefaction and
often reflects the vasculature’s struggles to repair itself, albeit ineffectively despite high
levels of circulating pro-angiogenic factors, creating a network of thin, matted vessels
inefficient for supporting healthy tissue. This can be seen also in Gl and skin i.e. GAVE and
telangiectasias.

Lethal vascular complications such as PH and cardiac involvement correlate with other
circulatory phenomena e.g. digital ulcers (DU), telangiectasias,2%-2! osseous vascular
complications e.g. radiographic calcinosis, and acro-osteolysis,22 and with inflammation-
predominant complications e.g. arthritis and muscle involvement. These associations
suggest a deep-rooted interplay between systemic inflammation, autoimmunity, fibrosis and
vasculopathy.

Systemic autoimmune, inflammatory drivers influencing SSc vascular complications is a
major current consideration in research and patient care.23-27 SSc-specific autoantibodies
help predict the potential clinical course and phenotypes in SSc patients, however, only
functional antibodies not specific to SSc, such as the anti-endothelial cell antibody,
demonstrate a direct pathogenic role; although reports are conflicting.28:2° Healing of
non-friction DUs upon initiation of systemic treatment e.g. mycophenolate mofetil (MMF),
and subsequent DU re-emergence upon immunosuppression discontinuation, are anecdotally
noted by SSc experts. Potential influence of immunosuppressants on improved outcomes in
SSc-PH are increasingly being investigated.23-27

lll. CONSIDERATIONS THAT DRIVE MANAGEMENT IN SSC

A. Goals of SSc Management

Preventing death and permanent disability in SSc is accomplished with early
and appropriate treatment.—SSc is an extensively complex disease often with delayed
diagnosis. By the time patients receive expert management, most will have permanently
lost some degree of physical function and have diminished well-being, eroding one’s ability
to sustain the crucial life areas and personal satisfactions of family, intimate and social
interactions including financial solvency. Recent data suggest initiating early treatment may
prevent development of complications such as 1LD.30

SSc is associated with significant unemployment, worker absenteeism, decreased worker
productivity.3! Preventable SSc-related work impairment results in substantial economic
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burden and diminished HRQoL 32 with loss of work, lost income, and loss of health
insurance and healthcare. Working closely with patients and their employers to attain
appropriate modifications to their work environment and situation may improve functioning
and improve productivity.31-36

B. Risk Awareness in SSc

The risk for and the actual rate of disease progression, guides the level of systemic treatment
intended to quell inflammation and prevent further organ damage. They also identify
patients with rapidly progressive disease potentially benefitting from hematopoietic stem
cell transplantation (HSCT) before end-organ damage occurs. While there is no formal SSc
risk stratification tool, certain factors put patients with SSc at even greater risk of death,
disability and rapidly progressive disease (Table 1, 2). Sensitizing clinicians to these risk
factors heightens vigilance for treatable lethal and/or permanently disabling disease.

It should be clarified that both limited cutaneous SSc (IcSSc) and diffuse cutaneous SSc
(dcSSc) carry an increased risk of death. The terms diffuse and /imited cutaneous are
descriptors of skin thickness distribution only; and provide crude sub-typing of an extremely
complex disease. However, limited sub-type may carry a higher risk of PAH, dcSSc carries
higher risk for progressive ILD; and early dcSSc with rapid increases in skin thickening is
associated new internal organ involvement.3738, 19.39-49 Both sub-types can develop ILD
and PH, and malnutrition from severe Gl involvement.

Autoantibodies are also helpful for predicting outcome, particularly anti-centromere
predicting PAH, Scl-70 predicting ILD and RNA polymerase 111 predicting renal crisis
(Figure 4). Race and ethnicity are also associated with increased risk of severe disease.
Black race, compared to whites, independently predicts more rapid progression and higher
mortality, more severe disease at a younger age of onset, and with higher risk of early

and concomitant ILD and PH. These racial differences may be associated with distinct
antibody and genetic profiles supporting that early aggressive intervention in blacks with
ILD may offset mortality.>32 Hispanic and Asian ancestry also portends higher severity than
whites.>0-52 Male sex, early diffuse cutaneous disease or presence of tendon friction rubs
also confer increased risk of mortality.

C. Tracking Symptoms and Metrics for Recognition and Intervention

Any type of organized framework containing SSc domains and sub-domains that tracks
changes in clinical features, symptomatology, complications and bio-data of multiple
manifestations over time, facilitates a comprehensive and efficient care continuum. This also
enables communication of important details across specialties. Such documentation captures
SSc manifestations as they newly emerge, improve, resolve, stabilize or worsen, and creates
an overview that depicts treatment responsiveness, potentially sparking consideration for
new, additive or change in treatment approach. Tables 3-6 and the resource list provide
example tools.
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IV. MULTI-FACTORIAL SYMPTOMATOLOGY

This section addresses common SSc symptoms that have multiple or combined causes,
approaches to distinguishing cause(s), and where applicable, therapeutic intervention. SSc
being a disease of inciting vascular injury, special attention is given to RP in this section,
though not a multi-factorial symptom, as it is pervasive and often not straightforward to
diagnosis.

A. Cold in SSc, and Raynaud’s Phenomenon specifically, is the most common symptom
and highest ranked SSc-specific symptom diminishing HRQoL. Without preventive and
palliative intervention, RP can lead to other vascular complications such as DUs, acro-
osteolysis and calcinosis.29-°3-56 (Table 7) RP affects glabrous skin regions (fingers, toes,
nipples, ears, toes). Glabrous skin’s unique vascular structure contains large numbers of
cutaneous arteriovenous connections. RP in SSc, triggered by stress or cold has variable
duration and severity, generally lasts <20 minutes upon trigger removal, but can endure
hours or days, or establish a new baseline severity upon which exacerbations occur.

The classic tri-phasic episodes of RP, more noticeable in lesser pigmented populations,
demonstrates discoloration with distinct demarcation lines of blanching (white), cyanosis
(blue/purple) and then erythematous (red) phase with rewarming, which can be the most
painful phase. Not all individuals experience tri-phasic attacks, but some degree of blanching
which may be difficult to notice in highly pigmented patients, supports a RP diagnosis.

While Primary RP may affect healthy individuals or be familial, SSc-RP vascular patterns
are uniquely associated with vascular injury and vasculopathy. As previously mentioned,
ANA presence with abnormal capillaroscopy predict CTD occurrence.!3 Similarly, puffy
fingers, SSc-specific antibodies and abnormal capillaroscopy are highly predictive for
development of SSc®’

The impact of RP events on vital organ vasculature or hastening PAH, is lesser known,
but patients report that episodes can result in systemic symptoms of whole-body heat loss,
debilitating fatigue, headache in addition to worsening pain of DUs and calcinosis.5®96:58
Thus, RP worsens diffuse, diverse disability, making recurrent preventive counselling
imperative, with non-pharmacological therapy, e.g. electrical heated gloves and treat-to-
target pharmacological therapy often required,54:56:58-60

B. Pain in SSc is often multi-factorial requiring careful discernment to address coinciding
diverse, modifiable causes. SSc-pain can be an overwhelming prospect for the clinician
resulting in inaccurate “fibromyalgia’ diagnoses.6! Careful characterization of each pain type
the patient is experiencing is critical towards determining the most appropriate treatment
(Table 8). For example, inflammatory pain can manifest as either diffuse subcutaneous
edematous tenderness, or skin-tightening, often with accompanying pruritus, neuropathic
pain from small nerve fiber disruption, or as joint tenderness, stiffness or aching, or even
myalgias possibly requiring systemic treatment(x).56:62 While fibrous shoulder tendinopathy
might require targeted physical therapy.
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The presence of tendon friction rubs (TFRs), another source of pain from inflammation

and tendon sheath irritation, indicates active cutaneous or inflammatory disease that without
appropriate treatment, portends a poor prognosis including worsening skin and risk for
SRC.38:62.63 Thys, careful tendon examination is necessary; and ultrasound can helpful to
assess for active joint inflammation and risk for disability.53

Vascular complications such as ischemic RP, ischemic digital ulcers and calcinosis cause
significant, and sometimes constant, pain even at rest.>® Increased intensity of pain and
local tenderness may also signal concomitant infection, however, calcinotic lesions are
frequently painful in the absence of infection depending on location. Large lesions can
occasionally lead to nerve impingement resulting in neuropathic pain symptoms. Pain

and discomfort related to the GI system in SSc is diverse. Dry mouth, oral thrush,
odynophagia from esophageal candidiasis, abdominal pain and cramping from obstipation
or distention are common pain sources that patients experience. Opioid analgesics requires
careful consideration for worsening SSc-symptoms e.g. sicca, Gl motility; with initiation of
preventive regimens being important.

C. Fatigue in SSc, another potentially overwhelming clinical consideration, impacts all
areas of daily living, work, parenting, and social participation. There are many types

of fatigue: mental/cognitive, motivational, physical, muscular, general, etc. Although non-
specific symptom, fatigue can be evidence of several serious SSc complications such

as Gl bleeding, ILD or PH. Fatigue may also reflect worsening inflammatory disease,
malnutrition, poor sleep quality, gastroesophageal reflux (GERD) or the burden of decreased
physical function. Further, dyspnea and cough episodes with longer recovery times are
exhausting symptoms with high calorie demand and psychological burden. An organized
approach to assessing and addressing fatigue can guide investigation.

Sleep disordered breathing is significantly elevated in SSc and beyond fatigue likely
impacts cardiopulmonary health(ref).64.65 Epworth Sleepiness Scale and the STOP-BANG
questionnaire help identify those patients at risk for OSA and qualify for a sleep study. If
warranted, CPAP use improves fatigue and potentially prevents SSc cardiopulmonary and
esophageal complications.®¢ However, as with breathlessness, fatigue in SSc can result from
commonplace co-morbidities requiring investigation, such as hypothyroidism and coronary
artery disease.

D. Breathlessness and Exercise Intolerance in SSc is often multi-factorial and can be
related to myriad, sometimes severe, complications beyond cardiopulmonary involvement,
and like fatigue requires thorough investigation. Breathlessness is the most common
symptom of ILD, PH and myocardial disease. However, its development is often quite
subtle, and patients may not recognize or explicitly complain of dyspnea. Careful
questioning of patients’ activity and changes in activity over time is necessary to determine
if there has been a significant change (Table 9). Careful historical probing may reveal

a history of decreased exercise tolerance, changes in the intensity and duration of daily
activities and an unconscious slowing of movement. Further these changes may be apparent
to patients’ loved ones when not overtly apparent to the patient themselves. Therefore,
screening requires physicians asking appropriate questions and patients recognizing

Best Pract Res Clin Rheumatol. Author manuscript; available in PMC 2022 September 15.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Saketkoo et al. Page 8

changes to determine if dyspnea is present. Dyspnea or coughing with deep inspiration

or activities that engage deeper inspiration such as laughing, sneezing walking-talking
suggest a restrictive process like 1LD.7-70 LD, PH, anemia, heart involvement, physical
deconditioning and anxiety are each common causes of dyspnea in SSc and are not mutually
exclusive. (Table 10)

E. Cough in SSc, the second most common symptom of ILD, is associated with increased
ILD severity and worse health-related quality of life (HRQoL).”® Cough, though, is

often multi-factorial and requires careful historical assessment to differentiate the causes
e.g. ILD, reflux, post-nasal drip (PND) or sinus problems. A dry, inspiratory cough

limiting inspiratory depth is often ILD-related; and can trigger frightening, embarrassing,
exhausting and inconvenient episodes dyspneic coughing that usually have prolonged
recovery phases.67=70 Patients often restrict inspiration to prevent this from happening.67-70
The quality of cough varies in patients with SSc-1LD with >50% of patients reporting a
cough productive of sputum 871

Dysphagia and GERD with micro- or macro-aspiration may produce a wet, post-prandial or
early morning cough that often clears or lessens during the day, but recurs at night. However,
a dry cough related to GERD can also occur from pulmonary irritation. SSc-1LD patients
with GERD reported cough significantly more frequently than SSc-ILD patients without
GERD.8 PND can also cause a wet or throat-irritating cough. Cy/indrical bronchiectasis,
weakening of bronchiole walls creating mucous stasis and sub-acute infection (as opposed to
traction bronchiectasis, an extrinsic force causing bronchial distortion often seen on HRCT
in ILD) is not uncommon in CTDs often occurring with productive cough that comes and
goes, and often improves with antibiotic therapy.

V. SYSTEM-BASED SYMPTOMATOLOGY AND MANAGEMENT

A. Gastrointestinal System manifestations occur in virtually all SSc patients from the

oral cavity through the lower Gl tract and anus (Fig. 5). Gastrointestinal symptoms are
associated with higher patient-perceived disease severity and lower HRQoL, when compared
to traditional SSc severity measures (PH, ILD, renal and cardiac).>4°6 Multiple and diffuse
morphological and functional GI abnormalities result in high degrees of symptom distress,
life disruption and diminished HRQoL. These destructive changes are hypothesized to result
from progressive sub-/mucosal inflammatory-fibrotic infiltration and vascular insufficiency,
leading to neuronal dysfunction, and subsequently to dys-/non-motility.

Oro-maxillary and pharyngeal structural changes with painful or difficult mastication

and swallowing; esophageal dysmotility with dysphagia; malnutrition from malabsorption
or decreased intake; gastroparesis with bloating, nausea/emesis; colonic inertia with
constipation; bacterial overgrowth with bloating, abdominal distension and diarrhea; and
loss of anal sphincter tone resulting in fecal incontinence. Dysmorphic surface vessels,
vulnerable to abrasion, such as arteriovenous malformations and gastric antral vascular
ectasia (GAVE), may cause symptomatic anemia with dyspnea/fatigue due to slow or rapid
blood loss.

Best Pract Res Clin Rheumatol. Author manuscript; available in PMC 2022 September 15.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Saketkoo et al.

Page 9

Patients express frustration that despite extent and severity of GI manifestations in SSc,
rheumatologists generally avoid Gl-related discussion. Anecdotal clinical evidence and
patient discussions support that systemic treatment in early SSc disease — as with ILD -
may prevent or reverse Gl symptom progression.

While esophageal involvement is the most common aspect of Gl involvement, weight loss,
diarrhea, and fecal soilage can indicate the presence of small bacterial overgrowth requiring
treatment.”2 Additionally, micronutrient deficiency and malnutrition is a concern in SSc and
patients’ appetite and dietary intake should be assessed.3 Working closely with a dietician
and gastroenterologist to help guide diagnostic and therapeutic interventions can help with
the management of SSc Gl involvement.’3

Gastroesophageal Reflux Disorder (GERD), a manifestation with far-reaching detrimental
effects on the esophagus and the lung, demands dedicated robust attention. The ongoing
injury caused to the esophageal mucosa puts patients with SSc at higher risk of pre-
malignant and malignant injury, as well as structural abnormalities such as webbing,
scarring and the development of strictures. The injury to associated neuromuscular
complexes results in dysphasia and poor acid clearance. The absence of heartburn or
regurgitation are often discordant with endoscopic findings of esophageal injury and pH
testing. Prior to proton pump inhibitor (PPI) introduction, inability to eat from severe
esophageal dysfunction, was a major cause of malnutrition and mortality. The advent of PPI
use, effected a significant decrease in esophageal strictures. Further, extent of ILD and lung
parenchymal inflammation is associated with degree of GERD and uncontrolled GERD, and
hypothetically PND poses a similar concern. Chronic GERD or PND can cause hoarse voice
or dysphonia. Guideline-based care highlights the value of a multidisciplinary approach and
the role for diagnostic testing.’

Severe GERD may not be symptomatic, as early stages require significant neuronal
recruitment and in later stages nerves may be dysfunctional to pain perception — but ongoing
injury will still occur. The SSc specialist community is largely of the opinion that benefit

of empiric PPI use in SSc-GERD outweighs the risks. Often, standard dosing of PPIs

may require increased frequency and possibly addition of other agents such as histamine-2-
blockers (H2-blockers) e.g. famotidine, or coating agents such as sucralfate. Use of these
therapies may require attention to timing of administration to avoid drug-drug interactions.’®

However, it is essential that anti-reflux measures are thoroughly explained and strictly
practiced. This includes: elevation of the head of the bed to 60 degrees by wedge pillow,
mattress elevation, bricked bed legs or automatic adjustable bed; and avoidance of right-side
sleeping as gastric contents will spill back toward esophagus. For patients using CPAPs, we
underscore that adherence can help to suppress reflux.56

B. Cardiopulmonary Involvement

Pulmonary Involvement in SSc—ILD and PH are the leading causes of SSc-related
death. Identifying these entities early and initiating early appropriate treatment prolongs
survival.2:9:10 |nitial screening in all SSc patients with pulmonary function testing (PFTs)
including diffusion capacity of lung for carbon monoxide (DLCO) and high resolution CT
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scan (HRCT), exercise tolerance and PFTs are key to detecting important changes reflecting
developing cardiopulmonary involvement (Diagram 1).

It is essential in SSc care to recognize that: 1. ILD behavior is variable across patients
(e.g. stable, slowly progressive, rapidly progressive), can change over time and requires
individualized and vigilant approach, 2. ILD and PH often coexist, combined PH/ILD
occurs much earlier in patients of African descent, 3. Patients with SSc are vulnerable to
developing: a) either PH WHO Group 1, 2, 3 or 4, each requiring different therapeutic
approaches b). coexistent PH group types (e.g. combined WHO Groups 1 PAH and 2
diastolic dysfunction, combined WHO Groups 1 PAH and 3 ILD), 4. Screening, detection,
characterization of PH Group type, and initiation of appropriate treatment demands
adherence to clinical diagnostic algorithms and tracking of patient symptoms (Table 11).

Though, without formal consensus amongst SSc specialists, HRCT is the gold standard

for screening for ILD in SSc. Numerous studies demonstrate that PFTs are inadequate

in detecting ILD in this population, particularly early in the stages.”! However, insurance
constraints may limit the ability to obtain this study in a limited cutaneous, asymptomatic
patient with normal PFTs. Follow-up PFTs with careful trending are crucial. Repeat HRCT
is indicated for unexplained symptom changes (dyspnea, cough), PFT worsening (drop
>10% in FVC or 5-10% fall in FVC with =15% decrease in DLCO) to investigate co-
existent infection or malignancy versus progressive ILD. Bronchoscopy is reserved for
co-existent concern of infection or malignancy. Lung biopsy is notwarranted for diagnosing
SSc-ILD in patients with SSc with a typical HRCT pattern i.e. usual or non-specific
interstitial pneumonitis (UIP or NSIP).

Documenting serial PFT data along with temporally coincident medication dosing and
any contextual factors that might explain an aberrant PFT performance on that day (e.g.
sinusitis, allergies etc) is an essential investment in the care of SSc patients. Charting the
trajectory beginning from first available PFTs affords insights into disease behavior, e.g.
rapidly progressive vs. stable vs. slowly progressing ILD.”6 Furthermore, it protects the
clinician from overlooking progressing disease in the context of normal range values, as
a 5% decrease in FVC over 6 months (or 10% annually) despite normal values warrants
investigation and possible changes to or additions to treatment.

Though serial FVC is considered a reliable reflection of restrictive lung disease, DLCO

can be a key differentiator between parenchymal versus vascular lung disease, and provide
an early detection mechanism for pulmonary hypertension. While FVC reflects restriction
related to parenchymal lung disease, DLCO reflects the ability of gas to cross from airspace
to bloodstream which requires gas to diffuse across two barriers: the lung parenchyma and
also the blood vessel wall (Figure 6). If either or both are resistant to permeable gas, as can
occur in SSc-ILD or SSc-PH this will cause reduction in DLCO. In parenchymal disease the
FVC and DLCO commonly trend downward in parallel; while in vascular disease the DLCO
has a much steeper decline than FVC (Figure 7). However, early in the course of SSc-1LD,
the FVC may be normal, while the DLCO is often decreased. Over the course of SSc,

the FVC:DLCO ratio may help distinguish pulmonary vascular disease from progression of
SSc-1LD with a higher ratio suggesting a predominant pulmonary vascular process(x).”’:78

Best Pract Res Clin Rheumatol. Author manuscript; available in PMC 2022 September 15.
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Therefore, in addition to yearly screening echocardiogram at rest and with exercise, DLCO
is an important indicator of pulmonary vascular involvement.

Cardiac I nvolvement in SSc may result from microvascular insufficiency, or inflammatory-
fibrotic infiltration of the myocardium, causing arrhythmias, diastolic or systolic
dysfunction, pericarditis, or myocarditis which are managed similarly to non-SSc cardiac
complications. SSc-specific treatment is yet unclear, and likely depends on suspected disease
activity. Baseline/annual echocardiogram serves as a comparison should cardiac problems
or PH develop later. Non-contrast cardiovascular magnetic resonance (CMR) demonstrates
45% prevalence of myocardial fibrosis unexplained by other causes and often associated
with diffuse skin involvement and elevated ultra-sensitive CRP; CMR may play a role

in early diagnosis. 72-81 Additional serum biomarkers that are commonly followed as
predictors of onset and worsening are NT-Pro-BNP and uric acid, of which NT-Pro-BNP
has demonstrated reliably properties.

Routine cardiovascular risk reduction with blood pressure monitoring and lipid screening
is encouraged in SSc patients. Cardiac involvement was often found to be associated with
SSc-myopathy in several studies.”9-82-85

When to Consider Transplantation: Despite prior misconceptions of worse outcomes
for patients with SSc (for ILD, PH, or both) compared to those with non-SSc lung disease,
lung transplantation in SSc is safe, with similar survival outcomes. Lung transplantation

is reserved for patients whose lung disease progresses despite maximal systemic therapy.
(Table 12). Early referral for transplant evaluation permits time for patients and caregivers to
become familiar with the transplant process, make informed unhurried decisions, and adjust
to psychosocial and financial pressures related to transplant.

Most common barriers to lung transplant in patients with SSc can be overcome (Table

13). Physical conditioning is an important factor in transplant selection and successful
post-transplant recovery. Early referral gives patients who are deconditioned an opportunity
to engage in healthy lifestyle changes and home fitness practices supported by pulmonary
rehabilitation.

Potential transplant candidates with SSc undergo extensive testing to identify needed
interventions for SSc manifestations that might overtime injure the allograft, e.g., Nissen
fundoplication for severe GERD or heart-lung transplantation with coexistent irreversible
myocardial disease. Severe esophageal dysmotility or GERD (lower esophageal sphincter
incompetency) lead to chronic aspiration which poses significant risk for acute and chronic
allograft rejection, may also warrant Gl tube for nutrition posttransplantation.

C. Muscle Involvement in SSc is under-recognized and multi-factorial and ranging from
atrophy, inflammatory, vasculopathic, fibrotic to necrotic pathology. Both muscle strength
and endurance in proximal muscles are commonly reduced, especially in patients with
significant lung disease.®6 Systemic treatment and exercise can improve SSc myopathy,
with physical therapy targeting strengthening and prevention of large joint contracture,
particularly in the shoulders. (Table 14)
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Consideration of medication-related myopathy culprits, such as statins, steroids and
hydroxychloroquine, is a mainstay of investigation. SSc-myopathy predicts SS-related
cardiac involvement.’9.82-85

D. Hands in SSc are especially subject to diffuse morphological changes, impairment

and pain due to inflammation, vasculopathy and fibrosis. These pathological processes
result in bony, periarticular and cutaneous destruction with infection, ulceration, calcinosis,
acro-osteolysis, flexion contractures, synovitis, tendinopathy and amputation. Arthritis,
contractures, tendon friction rubs come early during the disease course, therefore require
early intervention. The role of hand exercises in SSc is critically important. Exercise
improves circulation, healthy vascular and skin repair, increases warmth, reduces local
inflammation and stiffness, and very importantly, increases muscle strength and hand
function. Preventive strategies to maintain hand warmth may help to prevent further vascular
injury (Table 14).

E. Renal Involvement in SSc: prior to the availability of Angiotensin Converting Enzyme
(ACE) inhibitors renal crisis was the leading cause of death in SSc. Early intervention with
ACE inhibitor therapy and rapid control of blood pressure may abort a “crisis” and minimize
renal damage. However, with close monitoring of high risk patients including prednisone
use >10 mg/day, abrupt and severe BP elevation, presence of anti-RNA polymerase I,

we can identify and aggressively treat SRC. Late recognition, delayed or inappropriate
therapy persist and result in renal failure and other complications of malignant hypertension.
Despite progression to end-stage disease, with continued treatment with ACE inhibitors,
renal function may return months after initiating dialysis. Educating patients at higher

SRC risk on warning signs and plan of action is crucial to improving outcomes, including
consideration of home blood pressure monitoring, and providing the “renal crisis prevention
card” (Fig 9) on a patient’s first visit for use in emergent situations.8”

VI. IMPORTANT NON-PHARMACOLOGICAL THERAPEUTIC
CONSIDERATIONS

A. Exercise as an Essential Multi-Modal Disease-Modifying Medicine

Physical function and activity are key predictors of HRQoL and survival. Available evidence
on exercise strongly supports diverse and diffuse benefits of physical activity as a potential
cornerstone to SSc management88. (Table 15) Exercise reduces inflammation and increases
circulation (and body heat), which are essential drivers of SSc symptoms, in addition to
enhancing mobility through improving strength, stiffness, endurance and aerobic capacity.
Physical activity is critical for all levels of ability and for modulating the biochemical
impact of depression/anxiety, stress and physical pain — while improving self-esteem in

a disease notorious for diminished self-image. Exercise’s muscle and vascular benefits
likely contribute to its beneficial impact on sleep and fatigue.8° Increasing physical activity
and reduction of a sedentary lifestyle in SSc is crucial to self-management, even in mild
pulmonary involvement.%0 Patients with SSc desire physician counselling and augment their
physical activity accordingly. A routine visit should document patients physical activity,
counsel on the medicinal effects of exercise and advise that exercise be pleasurable, working

Best Pract Res Clin Rheumatol. Author manuscript; available in PMC 2022 September 15.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Saketkoo et al.

Page 13

up to =30-minutes/day, 5 days weekly, with hand, face and feet exercises to increase
circulation, mobility and anti-inflammatory profiles regularly reviewed. (See resource
list) Further, a long-term physically active lifestyle improves Gl motility, and favorable
enhancement of gut flora.%1

B. Anticipatory and Preventive Education

Keys to Patient-Centered Outcomes—Counselling and education (Table 16) on a
model of shared decision-making (SDM) (Box. 1) provide patients with insight into this
complex disease as pertains to their circumstances, cultivates clinician-patient partnership,
and increases patient trust, adherence, self-efficacy, and mental health — all essential

to patient outcomes. SDM is an ongoing process requiring time to ensure clinicians
understand and address the patient’s perceptions, priorities and self-management activities
of their disease experience. SDM enables effective palliation and protection against disease
progression and complications. Patients with SSc often feel fearful, scared and isolated
especially as families, friends, and other health care providers are not familiar with SSc.
SDM and providing resources on self-management strategies and support groups are
imperative.92:93

Routine Health Maintenance—The medical complexity of SSc often overshadows the
importance of routine health maintenance (RHM). RHM addresses preventive strategies
(table 17) directly related to SSc complications. Vaccinations prevent severe pneumonia and
influenza in ILD/PH. Age-appropriate cancer screening becomes increasingly significant
given the higher malignancy risk in SSc particularly with anti-polymerase 111 positivity.
Screening for cardiovascular disease and OSA may prevent worse outcomes in those
already with cardiopulmonary and circulatory impairment. SSc portends a higher risk of
osteoporosis?9 and fractures, and lower vitamin D absorption with chronic PPI use.

Other essential pre-treatment RHM include infectious hepatitis and tuberculosis screening,
consideration of antibiotic prophylaxis, and recurrent pregnancy planning with females

on immunosuppression. As with exercise, keeping RHM as part routine documentation
framework will protect health outcomes in SSc.

VII. PRACTICAL CONSIDERATIONS FOR PATIENT AND CLINICIAN

SUPPORT

A. Pre-Visit Preparations

Patients require time to be heard and time to hear important concepts related the condition
they are living with. Protecting one’s attention and time to address pivotal patient care
issues is crucial to outcomes when caring for people with multi-organ system disease
with multiple debilitating manifestations. Attention to patient environment and comfort,
anticipatory scheduling to consolidate medical appointments and employing operational
throughputs e.g medical record attainment and chart review that support pre-visit data
collection, scheduling realistic visit appointments (with appropriate billing) facilitate a
greater ease of communication for patient and clinician and protects one’s dedicated time
with the patient. (Tables 18-19 and resources).
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B. Implementing the Plan

SSc is a health condition whereby timely treatment initiation of active disease is

key to reversibility of impairment and prevention of permanent damage; and whereby

even palliative intervention of irreversible damage can immediately optimize HRQoL,
workability, nutrition, mental health and physical well-being and function. Patient education
on self-management and engagement with SSc education and advocacy organizations such
as the Scleroderma Foundation, Scleroderma and Raynaud’s UK (SRUK), Federation of
European Scleroderma Associations (FESCA), Scleroderma Australia and Scleroderma
India, are central to successful care.

Delays occur in scheduling diagnostic procedures, therapist and consultant referrals,