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 Introduction

Of the immune-mediated rheumatic diseases, SSc has the 
highest case-specific mortality and substantial non-lethal 
complications. This is largely related to the significant burden 
from major organ complications in particular cardiopulmo-
nary involvement. However, some of the complications may 
present as acute emergencies as listed in Table  1.1. Briefly, 
acute emergencies in SSc can be broadly classified as acute 
decompensation of existing organ disease, acute emergencies 
specific to SSc and other medical and surgical emergencies in 
SSc including opportunistic infections. Key aspects of these 
emergencies are covered in other chapters. These include 
pulmonary hypertension, critical digital ischaemia, hyperten-
sive renal crisis, gastrointestinal disease, issues related to 
pregnancy and cardiac involvement. Importantly, complica-
tions related to overlap disease that may affect a fifth of SSc 
patients need to be carefully evaluated [1]. The objectives of 
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this module are to illustrate with case vignettes the major 
emergencies of SSc of commonly encountered symptoms 
affecting these patients as a life-threatening event requiring 
urgent intervention. The complexity of multiorgan involve-
ment in these cases often requires multidisciplinary coordina-
tion including rheumatological review and immediate 
patient’s referral to appropriate specialties to ensure ade-
quate joint management.

Table 1.1 Spectrum of key acute emergencies in SSc
SSc-specific emergencies Digital ischaemia and gangrene

Hypertensive renal crisis

GI haemorrhage (gastric antral 
vascular ectasia)

Pseudo-obstruction

Decompensation of SSc 
complications

Worsening of pulmonary 
hypertension

Progressive myocardial disease

Exacerbation of interstitial lung 
fibrosis

Malabsorption with nutritional 
weight loss

Non-SSc acute emergency Opportunistic infections

Overlap syndromesa

Pregnancy-related 
complicationsb

Peripheral vascular disease
aOverlap syndromes include inflammatory muscle disease, inflam-
matory arthritis, systemic lupus erythematosus, vasculitis
bPregnancy-related issues include pre-eclampsia, premature rupture 
of the membrane and placenta abruptio GI:Gastrointestinal

V. H. Ong and C. P. Denton
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 Case History 1

The first case describes an acute vascular crisis with an 
uncommon cause and highlights the need to consider a broad 
differential diagnoses for a common vascular manifestation 
of SSc complication.

A 62 year old lady with established anti-topoisomerase I 
antibody associated limited cutaneous systemic sclerosis with 
mild interstitial lung disease (FVC 79% DLCO 68%) pre-
sented with severe pain across all toes with a dry ulcer over 
her right second toe with dependent oedema up to the knees 
(Fig.  1.1a, b). Her current vasodilator treatment includes 
Losartan 100 mg daily and Diltiazem 360 mg in divided doses. 
She has had cardiac stenting for ischemic heart disease 3 
years ago and she is maintained on Aspirin 75 mg daily with 
isosorbide mononitrate 10  mg daily and Clopidogrel was 
recently discontinued as part of investigation for haematuria. 
Although she has had episodic digital ulcers affecting her 
fingers requiring intravenous prostacyclin infusions, she has 
never had ulcers affecting her lower limbs. More proximal 
causes of distal limb gangrene should be evaluated with 
Doppler imaging and Echocardiogram in particular for val-
vular abnormalities [2, 3]. Echocardiogram showed only mild 
aortic stenosis with mean gradient of 9 mmHg with no other 
major valvular abnormalities. Bilateral lower limb arterial 
tree assessment showed patent superficial femoral, popliteal, 
anterior and posterior tibial and peroneal arteries bilaterally 
with normal triphasic waveforms. Vascular opinion was 
sought and large vessel cause of gangrene was excluded. She 
was commenced on intravenous prostacyclin infusion.

Hb 7.4 g/L: platelet 445 x 109/L RDW 15.1% [11–16] with 
positive markers for haemolysis with reticulocytes 171 × 109/
L(50–150) haptoglobin <0.2  g/L (0.3–1.9) LDH 383  U/L 
(135–214). Peripheral blood film showed agglutination and 
polychromasia. DAT was strongly positive with anti-CD3d 
and negative for IgG. Total Bilirubin 9 umol/L (<21), direct 
bilirubin 5 umol/L (<5) CRP 2 mg/L (<5) ESR 15 mm/h.

Chapter 1. Major Scleroderma Emergencies
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Paraprotein 5  g/L and immunofixation showed immuno-
globulin M (IgM) kappa paraprotein.

Cryoglobulin screen showed Type 1 monoclonal IgM 
kappa cryoglobulin. Iron 6 umol/L (11–36) TIBC 65 umol/L 
(53–85) transferrin 9.2% (20–40) ferritin 43 ug/L. It is note-
worthy that haematuria may reflect the haemoglobinuria 
related to ongoing haemolysis that occurs during the course 
of the disease [4]. She was commenced on oral Prednisolone 
50 mg daily (1 mg/kg) for autoimmune haemolytic anaemia 
(AIHA).

a c

b

Figure 1.1 Critical digital ischaemia in systemic sclerosis with cryo-
globulinaemia. Gangrenous right second toe tip (a, b). Auto- 
amputation of the affected to at the level of DIP was evident 
radiologically 6 months post-onset of the gangrenous ulcer (c). 
There was no cortical thinning or osteolysis to suggest osteomyelitis. 
There was incidental fifth metatarsal base fracture (c)

V. H. Ong and C. P. Denton
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Type 1 cryoglobulinaemia is associated exclusively with B 
cell proliferative diseases mainly monoclonal gammopathy of 
undetermined significance and less commonly Waldenström 
macroglobulinaemia and multiple myeloma [5, 6] whereby 
the sera of these patients contain monoclonal IgM, and more 
rarely IgG, or IgA cryoglobulins. In almost half of the 
patients, type I cryoglobulinemia is characterized by severe 
cutaneous involvement with a lower frequency of glomerulo-
nephritis compared to other types of cryoglobulinemia. 
Hyperviscosity syndrome contributing to vascular crisis may 
also occur in due to high concentration of monoclonal cryo-
globulins owing to the concomitant lymphoproliferative dis-
order. Specifically, cutaneous involvement is characterized by 
presence of symptoms related to cold exposure such as acro-
cyanosis, livedo, urticaria, cold-induced necrotic purpura, or 
as in this case with painful ulcers and gangrene of the 
extremities.

This patient underwent bone marrow aspirate and tre-
phine. Smears were unremarkable. Flow cytometry identified 
at least 10% population of kappa restricted CD5 negative B 
cells. MYD88 mutation was negative. The trephine did not 
show an obvious abnormal lymphoid or plasmacytic infiltrate. 
Aspirate morphology showed normocellular particles and 
trails. Trilineage haematopoiesis was seen with normal granu-
lopoiesis and no abnormal infiltrate. Erythropoiesis was nor-
moblastic. Megakaryocytes were seen in adequate numbers 
with normal morphology. Low levels plasma cells (2%) were 
seen but these were clustered around the particles.

PET CT did not show any hypermetabolic or pathological 
lymphadenopathy.

The low frequency and its considerable diverse clinical 
heterogeneity meant that there is a lack of evidence-based 
standardised therapies for AIHA. However, only aggressive 
and prompt treatment can induce a rapid response of 
 dysproteinaemic state and reduce the organ damage caused 
by cryoglobulin. In light of her progressive gangrene, she also 
received plasma exchange to transiently remove cryoglobu-
lins from her circulation although a decrease of serum cryo-

Chapter 1. Major Scleroderma Emergencies
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globulins was shown to occur in only half the patients and 
plasma exchange does not prevent formation of new cryo-
globulins [7]. Alkylating agents such as cyclophosphamide, 
bortezomib (a proteasome inhibitor) and rituximab-based 
regimens are the main therapeutic options to eliminate the B 
cell clones that produce cryoglobulins. In our patient, prompt 
start of an integrated therapeutic approach with prostanoid 
infusion, plasmapheresis, and chemotherapy halted further 
progression of the occlusive vasculopathy with resultant 
autoamputation of the affected toe (Fig. 1.1c).

In some cases, these patients may also require ongoing 
plasmapheresis to control the vascular manifestations of the 
disease that occur in the presence of even small amounts of 
monoclonal immunoglobulin that may persists despite effec-
tive treatment of the malignancy. Despite these therapeutic 
measures, these patients may experience ongoing problems, 
especially skin-related symptoms.

Whilst acute vascular digital crisis and anaemia in SSc are 
often attributable to associated complications of the disease 
itself, there are few reported cases of AIHA in SSc and coex-
isting overlap diseases including lupus, antiphospholipid syn-
drome and cryoglobulinaemia should be considered as 
differential diagnoses [8–10].

 Case History 2

The second case describes a patient with worsening exer-
tional dyspnoea and reflects the complexity of multiorgan 
involvement in SSc and important considerations are required 
to evaluate carefully the individual components of organ- 
based disease and potential complications.

50  year old lady with established limited SSc diagnosed 
20  years ago and she developed pulmonary arterial 
 hypertension 2 years ago that is well controlled on Macitentan 
10 mg twice daily and Sildenafil 50 mg thrice daily. Her other 
medications include Ramipril 10 mg daily, Omeprazole 20 mg 
daily. She harbours anti centromere (ACA) and anti-Ro-52, 
-La antibodies. She is a never-smoker.

V. H. Ong and C. P. Denton
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She presented with increasing exertional breathlessness 
climbing incline on stairs and hills (Functional Class III) with 
NT-proBNP 1174 ng/L with troponin 11 ng/L. Cardiac MRI 
demonstrated right ventricular dilatation with biatrial dilata-
tion (LA 30 cm2 and RA 31 cm2) with increased T1 and T2 
uptake with patchy septal gadolinium enhancement and pre-
served left ventricular function. In summary, this tissue char-
acterization is suggestive of progressive myocardial disease. 
A 24 hour tape showed 2000 ventricular ectopics with first 
degree heart block with no non-sustained ventricular 
tachycardia.

A year before the current presentation, she developed an 
acute episode of pleurisy treated as pneumonia although spu-
tum cultures were negative and shortly after this, she devel-
oped acute renal injury with increased protein creatinine 
ratio 831 mg/mmol (<30) with normal albumin 35 g/L (35–50). 
Subsequent renal biopsy demonstrated membranous glo-
merulonephritis. She also developed increasing paraethesiae 
over left hand and right foot that was confirmed as sensory 
axonal neuropathy on EMG. She was commenced on myco-
phenolate but discontinued due to an acute episode of pleu-
ritic chest pain with breathlessness. This was substituted with 
Azathioprine. It was noted that she had mild lymphopaenia 
0.16 × 109/L (1.0–4.0), elevated ESR 63 mm/h and platelets 
130 × 109 (140–400) with C3 0.77 g/L (0.9–1.8). dsDNA 7.5 IU/
mL (<10) Crithidia lucillae antibody negative.

Serial lung function investigations (Table 1.2) showed a 
reduction in forced vital capacity (FVC) from 81 to 65 (15–
25% reduction of baseline) suggesting interstitial changes 
with markedly impaired gas transfer. The latter is out of keep-
ing with her recent stable haemodynamics with pulmonary 

Table 1.2 Serial lung function for Case 2
2019 2018 2017

FVC %(value) 67 (2.76) 65 (2.66) 81 (2.95)

DLCO % (value) 25 (2.32) 35 (2.58) 32 (3.0)

KCO % (value) 33 (0.53) 42 (0.67) 46 (0.73)

Chapter 1. Major Scleroderma Emergencies
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vascular resistance (PVR) well controlled with high cardiac 
output (CO) possibly driven by active inflammatory disease 
(right heart catheter assessment: mean pulmonary arterial 
(PA) pressure mean 43  mmHg, pulmonary capillary wedge 
pressure 8 mmHg, CO 9.7 L/min cardiac index 5.4 L/min/M2 
PVR 289 ARU dynes/s/cm PA saturation 64% systemic satu-
ration 86% on finger oximetry but 98% in wedge position), 
6 min walk test stable 427 but below 500 several years ago 
suggesting the possibility of additional pathology such as pul-
monary veno-occlusive disease (PVOD) or other lung 
disease.

Two serial HRCT Chest were compared (Figs. 1.2 and 1.3). 
There is diffuse ground glass attenuation with centrilobular 
predominance sparing the periphery. The latter does not 
favour hypersensitivity pneumonitis. In addition there are 
cystic appearances and these have enlarged over time 
(Fig. 1.2). There is dilated pulmonary artery (Fig. 1.3). There 
is no pleural or pericardial effusion. The CT approach to diag-

a c

b d

Figure 1.2 Progression of parenchymal lung disease in systemic 
sclerosis. There is centrilobular ground-glass opacification in both 
lungs with more extensive cystic lung disease (yellow arrows) over 2 
year period (Panels a and b (2017) and c and d (2019) respectively). 
There is dilatation of the oesophagus with food debris

V. H. Ong and C. P. Denton
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nosis of PH begins with identifying an enlarged pulmonary 
artery diameter greater than 29 mm, which is usually larger 
than that of the ascending aorta at the same level [11]. This 
diameter must be measured in the axial plane at the bifurca-
tion, orthogonal to the long axis of the pulmonary artery. A 
variety of parenchymal changes in PH has been described. 
These include mosaic attenuation in PH due to regional dif-
ferences in lung perfusion, in addition to diffuse bilateral 
centrilobular ground-glass opacities (increased lung paren-
chyma attenuation without obscuration of the underlying 
vasculature or airways) but without interlobular septal thick-
ening to suggest PVOD. As a subtype of PAH group I, PVOD 
is an important consideration as there is an unexpectedly 
high incidence of PVOD in patients with SSc-PH-ILD and it 
is an unrecognised contributor to the dismal prognosis of 

AA

RPA

DA

PAT

Figure 1.3 Features of pulmonary hypertension on contrast CT 
scan of the chest. Enlarged pulmonary arterial trunk (PAT) is larger 
than that of the ascending aorta (AA) at the same level. Right pul-
monary artery (RPA) is also dilated. Descending aorta (DA) also 
shown

Chapter 1. Major Scleroderma Emergencies
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these patients. It is critical to distinguish PVOD from PAH as 
treating PVOD with vasodilators may lead to fatal pulmo-
nary oedema and death. However, this patient is tolerating 
Macitentan with well preserved saturations thus the diagnosis 
of PVOD is less likely.

Interstitial lung fibrosis is a major complication in SSc 
particularly among those with anti-Scl70 antibody. Those with 
ACA limited SSc is less likely to develop ILD with cumula-
tive incidence of clinically significant lung fibrosis is 8.5% at 
later stage of disease [12]. Acute exacerbation of lung fibrosis 
have been described in SSc-ILD in particular those with 
overlap diseases [13, 14] although the mechanisms related to 
acute exacerbation in connective tissue diseases-related ILD 
are unclear but these few factors like intrinsic factor leading 
to progression of underlying disease, infection and role of 
gastro-oesophageal reflux disease with microaspiration may 
be relevant. Accepting this is a rare entity, management of 
this disease is largely empirical with recent evidence that 
early institution of disease modifying agents including bio-
logical agents Rituximab may improve survival. In this case, 
in the context of lupus with presence of Ro antibody, a dis-
tinct subtype of interstitial lung disease—lymphocytic inter-
stitial pneumonia (LIP) should be considered [15]. 
Alternatively, the cysts on HRCT could be due to emphy-
sema in never-smokers in SSc-ILD [16, 17].

Another possible cause of acute deterioration is worsening 
of PAH.  PAH is a progressive disease with the majority of 
patients succumb as a result of right ventricular (RV) failure. 
As PAH progresses, the RV must adapt to increases in PVR 
and afterload [18]. Despite structural remodeling, the RV 
eventually cannot adapt to the increased afterload resulting 
in right heart failure. These patients need to be carefully man-
aged to reverse the inciting event and optimise fluid balance, 
haemodynamics, and RV function and this is best managed 
by a multidisciplinary team with experience in managing 
patients with PAH [19]. Any reversible causes of acute 
decompensation should be appropriately addressed. Patients 
should be carefully monitored, as RV failure can eventually 

V. H. Ong and C. P. Denton
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lead to multiorgan failure through decreased perfusion to 
other organs. Fluid balance must be carefully managed in 
patients with PAH as both hypovolaemia and hypervolaemia 
can have damaging effects to patients. It is important to note 
that over-diuresis could lead to a greater worsening of CO 
further impacting end-organ perfusion.

It is also noteworthy that SSc patients demonstrate pecu-
liar vulnerability to infectious complications in part to intrin-
sic disease-related immune dysregulation, disease-related 
factors (such as ILD) and in part to the immunosuppressive 
treatments including biological therapies. The lung is among 
the most frequent sites of infection in SSc in particular among 
those with severe ILD or reflux/aspiration and they are sus-
ceptible to developing pneumonia sustained both by com-
mon pathogens such as anaerobic bacteria and by 
opportunistic microorganisms., as well as routine bacterial 
and viral respiratory pathogens. Oesophageal involvement, 
like dysmotility disorder or reflux, can also be associated to 
lung infections. In SSc, the most frequent causes of death not 
directly related to SSc are infections, pneumonia [20]. 
Furthermore, many drugs used in SSc treatment, such as 
cyclophosphamide, mycophenolate and rituximab have been 
associated to a raised risk of developing infections, mostly 
bacterial or mycotic pneumonia [21]. Thus, when patients 
with SSc manifest new respiratory symptoms, especially if 
treated with immunosuppressive drugs, both routine and 
opportunistic lung infections should be considered for appro-
priate diagnostic and therapeutic intervention [22]. It is note-
worthy that repeated immune-mediated stimuli from 
recurrent lung infections has been postulated to be a trigger 
for pleuropulmonary fibroelastosis (PPFE), a recently 
described entity characterized by a combination of fibrosis 
involving the visceral pleura and fibroelastotic changes pre-
dominating in the subpleural lung parenchyma have been 
reported in SSc and may contribute to worsening of respira-
tory symptoms in SSc-ILD [23, 24]. However, there are no CT 
appearances to suggest PPFE in this case.

Chapter 1. Major Scleroderma Emergencies
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In light of her overlap lupus features with renal disease, 
neuropathy with likely LIP features on HRCT and possibly 
myocardial disease, this patient was managed with rituximab 
and clinical and biochemical parameters related to each of 
the affected organs will be carefully evaluated for response 
over time.

 Summary

Although SSc is often associated with major organ involve-
ment, serious and potentially life-threatening acute emergen-
cies may occur in the context of acute decompensation or 
acute exacerbation of chronic complication of SSc. Non-SSc 
related complications in particular opportunistic infections 
and overlap immune-mediated overlap disease should be 
carefully considered as well.
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 Introduction

The kidneys can be affected in patients with systemic sclero-
sis (SSc) in multiple ways. While renal involvement can be 
indolent and relatively benign, scleroderma renal crisis 
(SRC), the most dramatic form of renal involvement that 
occurs in up to 10% of patients with diffuse cutaneous SSc, 
commonly has an abrupt onset and progressive course, and is 
associated with poor outcomes and high mortality.

 Case #1 Classic Case of SRC

Diane is a 55-year old woman who developed Raynaud’s 
phenomenon and puffy fingers approximately 2 years ago. At 
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that time, she was found to have a high titre speckled ANA 
and positive anti-RNA polymerase III antibodies. Her base-
line blood pressure was normal (130/70  mmHg) as was her 
creatinine (75 umol/L or 0.85 mg/dL). She noted progressive 
thickening of her skin involving the fingers, hands, forearms, 
face, chest, thighs and feet. A diagnosis of SSc was made, and 
her modified Rodnan skin score (MRSS) was 23. Treatment 
with mycophenolate (1 gm bid) was initiated. Three months 
prior to her admission, she complained of joint pain, and was 
started on low-dose prednisone (7.5 mg/day). She presented 
to the clinic without an appointment complaining of general 
unwellness and shortness of breath over the last 2 weeks. In 
the clinic, her blood pressure was 180/90 mmHg. Blood tests 
were remarkable for new anemia (hemoglobin 95 g/L) and an 
elevated creatinine (145 umol/L or 1.64 mg/dL). How should 
this patient be managed?

Scleroderma renal crisis (SRC) is characterized by new 
onset malignant hypertension and acute kidney injury. Risk 
factors for SRC include early SSc (less than 5 years), rapidly 
progressive skin disease and the presence of anti-RNA poly-
merase III antibody. When anti-RNA polymerase III testing 
is not available, a speckled, and at times nucleolar, immuno-
fluorescence staining pattern in the absence of other known 
fine specificities may be a clue. Other risk factors for SRC 
include male sex, tendon friction rubs and exposure to neph-
rotoxic drugs, including non-steroidal anti-inflammatory 
drugs and calcineurin inhibitors. Exposure to glucocorticoids, 
even at low doses, is commonly reported as a risk factor [1]. 
Whether the association of SRC and glucocorticoid exposure 
is causal or instead represents the presence of active disease 
remains uncertain; nevertheless, glucocorticoids remain 
 relatively contra-indicated in SSc patients with risk factors 
for SRC. It is interesting to note that the conditioning regi-
men used in most autologous hematopoietic stem cell trans-
plant (AHSCT) protocols includes high-dose glucocorticoids, 
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prompting the prophylactic use of ACE inhibitors in this set-
ting. Although AHSCT might be a possible risk factor for 
SRC, the role of prophylactic ACE inhibitors in this setting 
remains uncertain.

Patients presenting with signs and symptoms of SRC 
should be immediately referred to a monitored setting (such 
as an emergency room or an intensive care unit) for con-
tinuous blood pressure monitoring, and assessed for evi-
dence of acute kidney injury (AKI). The Kidney Disease 
Improving Global Outcomes (KDIGO) definition of AKI is 
as follows [2]:

 – Increase in serum creatinine by >26.5 umol/L (> 0.3 mg/
dL) within 48 h.

 – Increase in serum creatinine to >1.5 times baseline, 
known or presumed to have occurred within the prior 
7 days.

 – Urine volume < 0.5 mL/kg/h for 6 h.

 Evaluation

Urinalysis and urine microscopy are essential to rule out 
alternative explanations for new onset hypertension and 
AKI.  In particular, hematuria, dysmorphic red blood cells 
and casts could suggest vasculitis or glomerulonephritis. 
Target organ dysfunction could manifest as encephalopathy, 
seizures, heart failure, pericardial effusion and retinopathy. A 
cardiac echocardiogram and ophthalmoscopic exam, the lat-
ter preferably performed by an ophthalmologist, are there-
fore also part of the basic work up. Appropriate testing for 
thrombotic microangiopathy should be performed.

The indications for kidney biopsy (Fig.  2.1) in an SSc 
patient presenting with classic hypertensive SRC remain 
uncertain. Although kidney biopsy for SRC may be useful 
prognostically [3], this must be balanced with the risks of 
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bleeding in the setting of uncontrolled hypertension and 
anemia. Unexplained AKI in a normotensive SSc patient, 
however, is an indication for a kidney biopsy. Approximately 
10% of cases of SRC are not associated with 
hypertension.

 Management (Fig. 2.2)

Initial management for suspected SRC consists of ACE inhi-
bition using a short-acting agent such as captopril. If the 
patient is unable to take oral medications, intravenous enala-
prilat could be used, although it is not preferred because of a 

Figure 2.1 Renal biopsy findings of SRC
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Figure 2.2 Management of scleroderma renal crisis
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long duration of action (up to 36 h). In our experience, com-
bination therapy with intravenous nicardipine is helpful to 
control blood pressure as the dose of oral ACE inhibitor is 
titrated to maximal tolerated dose. There are no standard 
guidelines on the target for blood pressure control; however, 
restoring the patient’s baseline blood pressure should be the 
goal. Of note, since hypertension in SRC is acute, commonly 
used targets for controlling chronic hypertension are not 
applicable. In fact, in SRC, we generally aim to normalize the 
blood pressure rapidly (over 2–3 days) with the goal of pre-
serving renal function.

It is not unusual to note a rise in creatinine as ACE inhibi-
tors are up-titrated. This increase can reflect hemodynamic 
changes as a result of ACE inhibition, as well as worsening 
SRC or an alternative cause of AKI. We recommend a coor-
dinated team approach with rheumatologists and nephrolo-
gists in the management of SRC.

If blood pressure goals are not achieved with ACE inhibi-
tors and calcium channel blockers, additional anti- 
hypertensive medication should be added. Although 
angiotensin receptor blockers (ARB) might be expected to 
be effective in patients with SRC, there are multiple caveats. 
First, they have not been adequately evaluated as monother-
apy in this setting. Second, they should not replace ACE 
inhibitors because, unlike ACE inhibitors, they do not inhibit 
the degradation of bradykinin, which are potent vasodilators. 
Third, studies in other diseases have suggested that patients 
treated with both an ACE inhibitor and ARB are at higher 
risk of adverse events compared with those treated with only 
one agent. Endothelin inhibitors have been used in the 
 setting of SRC, although results with bosentan, a non-selec-
tive endothelin-1 receptor antagonist, have so far been disap-
pointing [4]. There is an ongoing trial with zibotentan, a 
selective endothelin-A antagonist (NCT02047708). Since 
SRC can be associated with a thrombotic microangiopathy 
and in view of recent evidence of the potential role of com-
plement activation in other thrombotic microangiopathies 
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such as atypical hemolytic uremic syndrome, the complement 
inhibitor eculizumab has been used in some cases of SRC [5]; 
however the proper role of anti-complement therapy in the 
treatment of SRC remains to be established. Although there 
are theoretical advantages for using direct renin antagonists, 
the published evidence remains sparse. Beta blockers should 
be avoided because of the risk of reducing cardiac output and 
triggering “renal” Raynaud’s.

Patients with SRC require close monitoring for blood pres-
sure, creatinine and urine output until blood pressure is ade-
quately controlled, kidney function stabilizes, and signs of 
microangiopathy and target organ dysfunction resolve. 
Improvement in renal function can continue for up to 
1–2  years following an episode of SRC.  Hence, decisions 
regarding kidney transplantation should be deferred until 
that time.

Life-long use of ACE inhibitors after SRC is usually 
recommended, even in the absence of hypertension. 
However, the data on the use of ACE inhibition post-
transplant is sparse and insufficient to make a reliable 
recommendation.

 Case #2 Isolated Systemic Hypertension

Jay is a 55-year old African-American man with a 2-year his-
tory of Raynaud’s phenomenon, sclerodactyly, gastro- 
esophageal reflux and a positive anti-centromere antibody. 
His only medication is a proton pump inhibitor. At his yearly 
appointment, he reported feeling well, but was noted to have 
newly elevated blood pressure (150/90). Laboratory 
 investigations including hemoglobin, platelets and creatinine 
(90 umol/L or 1.02 mg/dL) were all normal and not changed 
from his baseline. How should newly diagnosed isolated 
hypertension be managed in this patient with limited cutane-
ous SSc?
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SSc patients presenting with hypertension need to be care-
fully assessed and risk stratified. Although this patient has 
some risk factors for SRC (male sex and relatively early dis-
ease), his limited cutaneous involvement and serology (anti- 
centromere antibody) put him at low risk. In particular, 
anti-centromere antibody positivity appears to be “protec-
tive” for SRC.  Nevertheless, a thorough work up, including 
evaluation of family history of hypertensive disease, urinaly-
sis and investigation for hemolysis, are indicated for this 
patient. Creatinine should be monitored. If hypertension 
persists, without evidence of AKI or other signs and symp-
toms of SRC, we would diagnose essential hypertension. Of 
note, a recent study suggested that hypertension (as well as 
proteinuria and chronic kidney disease) at the time of SSc 
diagnosis may be risk factors for SRC [6]. Thus, continued 
vigilance is warranted over time.

Treatment of essential hypertension in SSc remains a chal-
lenge. The obvious dilemma is whether new “isolated” hyper-
tension in a patient with SSc could in fact herald the onset of 
SRC, and whether initiating treatment with an ACE inhibitor 
could abort a crisis. However, while definitive answers are 
lacking, some studies suggested that exposure to ACE inhibi-
tors in SSc prior to SRC may not be protective, and may in 
fact be harmful [7]. We therefore recommend a calcium chan-
nel blocker (which may also have benefit on Raynaud’s phe-
nomenon) for patients with SSc and new onset isolated 
hypertension. We also recommend avoiding beta-blockers, 
which may worsen Raynaud’s and exacerbate “renal” 
Raynaud’s, and diuretics, because fluid shifts have been pro-
posed as potential triggers for SRC.

Some advocate the use of ACE inhibitors in early SSc to 
prophylax against SRC (Fig. 2.3). There is no data at this time 
to support the role of prophylactic ACE inhibition for SSc 
patients without indications for ACE inhibition (eg. hyper-
tension or chronic kidney disease with proteinuria [which is 
not uncommon in SSc] [8]). Therefore, we do not recommend 
prophylactic ACE inhibitors at this time.
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 Outline

Anemia and thrombocytopenia are relevant findings in the 
clinical assessment of systemic sclerosis patients and several 
mechanism of actions are involved in the determination of 
these complications. Studies on the prevalence of anemia in 
SSc suggest that its prevalence is 25–40% [1], with higher 
prevalence in those with early diffuse disease [2] and in 
Caucasians [3]. Anemia has been included in the 5-item pre-
diction rule for 2 and 5  year mortality in SSc patients with 
early diffuse disease. Even moderate anemia (Hb  <  10  mg/
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dL) represents an independent risk factor for mortality (HR 
1.88/4.57) [2, 4, 5].

In another aspect of SSc,the PHAROS registry study high-
lighted that, in SSc patients at risk to develop pulmonary 
arterial hypertension (PAH), anemia was strongly associated 
with higher mortality [6], while another prospective study 
suggested that anemia is the only laboratory risk factor asso-
ciated with the development of PAH [7].

Anemia of chronic illness is commonly observed in sys-
temic sclerosis, but several other disease-specific vascular 
complications can exacerbate it, as noted above, including 
scleroderma renal crisis. Other causes of anemia, less fre-
quent and less well-defined in SSc, such as autoimmune and 
drug-induced anemia, will also be discussed.

The most common complications characterized by the 
association between anemia and thrombocytopenia, such as 
scleroderma renal crisis, thrombotic thrombocytopenic pur-
pura and atypical haemolytic uremic syndrome will be anal-
ysed and compared, providing points for differential diagnosis 
and treatment.

In addition other conditions associated with the simultane-
ous presence of anemia and thrombocytopenia will be 
discussed.

 Nutritional Deficit Anemia

Iron-deficiency has been documented in 16.4/18.35% patients 
with systemic sclerosis [8]. Gastric antral vascular ectasia 
(GAVE, watermelon stomach) is one of the most frequent 
causes of this nutritional-related type of anemia in SSc 
patients. It is mostly prevalent in early diffuse cutaneous sys-
temic sclerosis with rapid skin progression and a distinct 
antibody profile (anti-RNA polymerase III positivity) [9].

GAVE is represented by chronic gastrointestinal bleeding 
and iron deficiency anemia and it corresponds to a character-
istic endoscopic finding of longitudinal rows of sacculated 
and dilated mucosal vessels in the antrum of the stomach. 
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This is said to resemble the stripes on a watermelon [10] 
(Fig. 3.1).

Several hypotheses have been proposed to explain the 
pathogenesis of GAVE. One possibility is the prolapse of the 
antral mucosa due to alterations in the connection between 
the distal gastric mucosa and the adjacent muscularis externa 
or in peristalsis. More recently it has been suggested that 
GAVE is a possible disease-specific vascular manifestation of 
systemic sclerosis, according to the evidence that up to 60% 
of GAVE patients have skin telangiectasias. A third theory 
supports a link between GAVE and autoimmunity suggesting 
a possible cross-reactivity with specific proteins in the gastric 
mucosa and submucosa.

Figure 3.1 Watermelon stomach. An endoscopic view of a Gastric 
Antral Vascular Ectasia (GAVE). Note the longitudinal rows of ves-
sels in the stomach resembling the stripes of a watermelon. 
“Courtesy of PathologyOutline.com”

Chapter 3. Anemia and Thrombocytopenia

http://pathologyoutline.com


28

Most of the patients present either with symptomatic iron 
deficiency anemia (weakness, fatigue, or dyspnea) or asymp-
tomatic anemia (with laboratory findings like low hemoglo-
bin and mean corpuscular volume). Patients affected by 
diffuse systemic sclerosis can present with occult fecal blood, 
hematochezia, or hematemesis. Indeed, it has been reported 
that GAVE can occur also in the lower GI tract or even in the 
rectum [11], so clinical presentation should direct the appro-
priate GI tract to study first.

Digestive endoscopy is the gold standard for the diagnosis 
of GAVE and enteroscopy, red blood cell scan, and video 
capsule endoscopy are useful aids and provide significant 
help to differentiate it from AV malformations, venous ecta-
sia, gastric telangiectasia, hemangioma, and angiosarcoma.

Most importantly, the rheumatologist should suspect 
GAVE in a clinical setting when the anemia is refractory. 
Given that the mean of time between the beginning of the 
disease and the diagnosis of GAVE is 3 years, with a mean 
hemoglobin of 8.2 g/dL, a high index of suspicion, especially 
in patients with early disease, is important.

Because more than 90% of SSc patients have gastrointes-
tinal disturbances, such as malabsorption and small intestinal 
bacterial overgrowth (SIBO), other nutritional deficits (vita-
min B12, folic acid) should be considered as possible causes 
of nutrient-related anemia.

Recent data confirm that up to 70% of SSc patients might 
be considered as vitamin B12-deficient and half of them show 
a severe deficiency (<200 pg/mL) [12]. Notably a case report 
strongly linked the subcutaneous administration of vitamin 
B12 with sclerodermoid reaction at the site of injection [13], 
compatible with the histology of localized scleroderma. Few 
case reports detail of the occurrence of pernicious anemia in 
systemic sclerosis [14].

Of note, multifactorial causes of anemia should be always 
considered since data confirm that different causes of anemia 
can coexist in the same patient, such as GAVE and pernicious 
anemia [15] or more complex case reports of overlap syn-
dromes with pernicious anemia [16]. The presence of a nor-
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mochromic, normocytic anemia should not stop further lab 
tests to exclude nutritional deficits or the presence of over-
lapping causes. Treatment of GAVE can be very challenging 
and iron supplementation is often not effective; case reports 
suggest that the combination of methylprednisone and cyclo-
phosphamide, or cyclophosphamide alone, can result in 
improvement [17, 18]. Autologous stem cell transplantation 
[19] has also been effective, despite some case reports 
described the occurrence of GAVE after hematopoietic stem 
cell transplant (HSCT-GAVE) [20].

 Autoimmune Causes of Isolated Anemia 
and Thrombocytopenia

Compared to the other causes of anemia and thrombocytope-
nia, evidence for an autoimmune-mediated process are sur-
prisingly scarce in SSc, while frequently reported in overlap 
syndromes [21] and supported by case reports [22–25]. The 
diagnosis of autoimmune anemia is based on the presence of 
signs of haemolysis with reticulocytosis, low haptoglobin, 
increased lactate dehydrogenase, elevated indirect bilirubin, 
and a positive direct antiglobulin test (Coombs test).

A case of a SSc patient associated with deficiency of IgA 
and the C4 component of complement associated with hae-
molytic anemia further compounds the complexity of the 
approach necessary to unearth the potential causes of anemia 
in SSc [26].

The diagnosis of immune thrombocytopenic purpura 
relies on the exclusion of several known triggers, such as 
viral infection, lymphoproliferative disorders and genetic 
diseases. Although it is possible in some settings to identify 
antiplatelet antibodies, the diagnosis remains clinical. Some 
cases confirm this association, for example evidence of the 
presence of anti-platelet antibodies against gpIIb/IIIa in sys-
temic sclerosis [27] and the overlap between autoimmune 
hepatitis, immune thrombocytopenia and systemic sclerosis 
[28]. In addition, the occurrence of autoantibody against 
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thrombopoietin receptor has been demonstrated in the 
serum of a SSc patient with evidence of amegakaryocytic 
thrombocytopenia [29].

 Microangiopathic Anemia and Thrombocytopenia

A microangiopathic heamolytic anemia associated with 
thrombocytopenia can be one of the peculiar aspects of the 
scleroderma renal crisis (SRC). SRC can be a life-threatening 
complication with heterogeneous presentations ranging from 
a sudden onset of accelerated arterial hypertension and rap-
idly progressive oliguric renal failure, to less intense eleva-
tions in blood pressure and less drastic renal alteration. Rare 
normotensive SRC has also been documented [30].

In the kidney of a SSc patient with scleroderma renal crisis, 
the vascular endothelial injury results in obliteration of the 
renal arcuate and interlobular arteries with consequent 
reduction in renal blood flow along with hyperplasia of renal 
juxtaglomerular cells. This sequence of events starts an inap-
propriate activation of renin and angiotensin leading, there-
fore, to renal vasoconstriction that eventually causes 
(frequently malignant) hypertension.

A microangiopathic hemolytic anemia (MAHA) results 
from fragmentation of red blood cells as they pass through 
renal vessels occluded by fibrin or platelet thrombi, while 
thrombocytopenia is the direct consequence of continuous 
platelet activation and consumption at damaged endothelial 
sites.

Other thrombotic microangiopathies can present with 
widespread microvascular thrombosis, thrombocytopenia, 
and microangiopathic hemolytic anemia (MAHA). These 
microangiopathies include thrombotic thrombocytopenic 
purpura (TTP) and hemolytic uremic syndrome (HUS).

HUS is traditionally distinguished as typical (Shiga and 
Shiga like toxin-associated) and atypical (alternative activa-
tion of complement pathway).

Histologically, on renal biopsy, aHUS is indistinguishable 
from HUS caused by toxin-producing bacteria or TTP.
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Indeed, the differential diagnosis between scleroderma 
renal crisis, thrombotic thrombocytopenic purpura and hae-
molytic uremic syndrome is probably the most challenging 
differential in the approach of a SSc patient presenting with 
thrombocytopenia and haemolytic anemia [31]. Compared to 
SRC, TTP shows several common clinical presenting features, 
such as thrombocytopenia, MAHA, elevation of bilirubin and 
LDH, negative Coombs test and the presence of schistocytes, 
neurologic dysfunction, thrombotic microangiopathy and 
acute renal impairment and normal PT and PTT [32, 33].

Relevant differences on the other hand are as follows: 
hypertension is almost always present in SRC while is possi-
ble in TTP, SRC is commonly observed in the diffuse form of 
SSc while TTP occurs more frequently in the limited form of 
SSc and most importantly SRC responds to ACEi while TTP 
requires plasmapheresis.

This difference is mainly based on the pathophysiologic 
evidence that TTP is due to a reduced or absent activity of 
the von Willenbrand factor-cleaving protease activity, belong-
ing to the group of a disintegrin and metalloproteinase with 
thrombospondin motifs (ADAMTS), which can be success-
fully treated by plasma exchange, in association with anti-
platelet agents and anticoagulants, according to platelet 
count, and steroids. SRC is mainly dependent on aberrant 
activation of the renin-angiotensin system and thus appropri-
ate therapy directed against this system is the most indicated 
approach and reduced consistently the rate of mortality for 
this complication.

Indeed, the exclusion of aHUS remains a critical issue for 
the multiple similarities with TTP and SRC; the levels of C3 
are reduced only in less than half of the cases. It is generally 
accepted that if ADAMTS13 levels are >5% and the patient 
is resistant to plasma exchange, then the diagnosis is more 
likely to be aHUS than TTP. Despite the challenge of diag-
nosing aHUS, a new monoclonal antibody was recently 
approved for the treatment of aHUS [34].

Eculizumab is a recombinant, fully humanized monoclonal 
antibody, with a high binding affinity for C5 thus preventing 
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the formation of C5a and C5a-9 and it has been successfully 
employed also in patients with SSc [35]. Whether the efficacy 
of this therapy is due to the activation of complement in mis-
diagnosed SRC, still remains unclear and this clue offers 
future direction for research [36].

 Drug-Induced Anemia and Thrombocytopenia

Several medications have been associated with the occur-
rence of anemia and thrombocytopenia in SSc. These include 
mainly drugs employed for specific SSc-related indications. In 
SSc patients treated with bosentan for digital ulcers, anemia 
was the fourth most common adverse event affecting 17.9% 
of the patients [37]. Similarly but with a lower percentage in 
the DUAL-1 and DUAL-2 study, in SSc patients treated with 
macitentan for the management of digital ulcers, anemia 
occurred in 5–11% of cases [38]. In addition, in a recent pilot 
study open-label trial in early diffuse systemic sclerosis 3/10 
patients exposed to nilotinib, a tyrosine kinase inhibitor, 
showed anemia [39]. A recent report suggests that gem-
citabine might induce an hemolytic uremic syndrome with 
accelerated hypertension, thrombocytopenia and Raynaud’s 
phenomenon treated successfully with intravenous adminis-
tration of a calcium channel blocker, oral administration of 
an angiotensin-converting enzyme inhibitor and angiotensin 
II receptor blocker plus transfusion of fresh frozen plasma 
[40].

Several studies support an increased risk of developing 
SRC with the use of steroids, and up to 60% of patients devel-
oping SRC had received steroids before the onset of this 
renal complication. Another case report linked the onset of 
scleroderma renal crisis with the use of a combination of 
tacrolimus and methylprednisolone [41]. Azathioprine is 
another drug that has been associated with a severe case of 
pure red cell aplastic anemia in systemic sclerosis patients 
and further supports a tight CBC monitoring if azathioprine 
therapy is needed for SSc patients [42].
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Reports on cyclosporine use in SSc are contradictory: 
while some cases of aplastic anemia responded well to anti- 
thymocyte globulin [43] in association with cyclosporine, this 
medication was also linked to the development of uremic 
haemolytic syndrome with anemia and thrombocytopenia 
[44, 45].

Cases of haemolytic anemia in SSc patients has been 
reported also with the use of cyclofenil [46]. Of note, some 
medications have been directly linked to the onset of an 
immune thrombocytopenia: (1) the ingestion of L-tryptophan 
[47], used as a muscle-building adjuvant, (2) D-penicillamine 
[48] and (3) diclofenac [49] therapy have been all associated 
with an anti-platelet positive IgG immune thrombocytopenia. 
A case of macrophage activation syndrome has been reported 
in a SSc patients treated with etanercept [50].

 Bone Marrow Insufficiency

In some cases, anemia and thrombocytopenia can be a direct 
expression of bone marrow dysfunction and some case 
descriptions report the occurrence of aplastic anemia success-
fully treated with anti-thymocyte globulin [51]. In addition, it 
is important to underline that recent case reports suggest the 
possible occurrence of macrophage activation syndrome in 
systemic sclerosis [52, 53]. While relatively rare as an haemo-
tologic complication, due to its high mortality rate, this com-
plication should be put high on the differential. Positive 
outcomes have been reported with etoposide, but larger stud-
ies are needed (Table 3.1) [54].

 Pregnancy/Post-Partum/Infancy

Isolated reports highlight the relevance of careful CBC moni-
toring in pregnant patients with SSc and the occurrence of 
anemia and/or thrombocytopenia further complicates the 
differential diagnosis [55]. A case of pregnancy-associated 
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thrombotic thrombocytopenic purpura in a patient with 
Raynaud’s phenomenon and anti-centromere antibodies was 
successfully treated with plasma exchange and high-dose 
prednisolone and angiotensin-converting enzyme inhibitor 
[56]. Additionally, another case reported the occurrence of 
thrombocytopenia in a pregnant SSc patient with severe pre-
eclampsia [57]. Unfortunately, a severe scleroderma case with 
onset at 6 months of life [58] with anemia, failure to thrive, 
recurrent diarrhea, and ascites has been reported as well as 
the association between localized scleroderma and thrombo-
cytopenia in pediatric age [59].
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Breathlessness, or dyspnea, is a frequent complaint among 
patients suffering from systemic sclerosis (SSc, scleroderma) 
and is often the first indication of significant lung or heart 
disease. Dyspnea is a “synthetic sensation” often arising from 
multiple sources of information rather than from stimulation 
of a single neural receptor. This fact, together with the sys-
temic nature of SSc, mandates a comprehensive and multidis-
ciplinary approach to the evaluation and management of 
breathlessness in the patient with SSc [1]. The severity of 
dyspnea varies widely and is often minimized by the patient 
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who reduces the rate of work performance, either due to lung 
or heart disease, or sometimes due to non-cardiopulmonary 
factors, e.g., fatigue, muscle or joint pain. While standardized 
tools to quantify dyspnea are used in clinical trials [2], in the 
office setting it is more practical to assess dyspnea in terms of 
daily activities, e.g., walking, carrying, climbing stairs, etc., 
bearing in mind that some patients will have made adapta-
tions to minimize the degree of breathlessness they might 
experience.

Dyspnea, when present, often signals the presence of sig-
nificant lung or heart disease. When assessing the complaint 
of breathlessness, it is important to distinguish acute from 
chronic dyspnea as the evaluation and management will dif-
fer (Fig. 4.1). For most SSc patients, the onset of dyspnea is 
more often insidious and chronic in nature. When dyspnea 
occurs acutely, one should consider pulmonary as well as car-
diovascular etiologies that can lead to sudden-onset breath-
lessness. Pulmonary infectious etiologies, e.g., pneumonia, 
bronchitis and aspiration, should be considered and ruled out 
or treated. Other pulmonary causes of acute dyspnea to be 
considered include: spontaneous pneumothorax in a SSc 
patient with subpleural blebs and honeycomb lungs; pulmo-
nary embolism in the SSc patient with an underlying hyper-
coagulable state; and, reflex bronchospasm in the SSc patient 
with gastroesophageal reflux and aspiration. Cardiovascular 
causes of acute dyspnea in the SSc patient include pericardi-
tis, rarely cardiac tamponade, acute myocardial ischemia, and 
acute-onset heart failure [3]. Diagnostic studies will vary 
according to each clinical setting, but pulmonary etiologies 
may be discerned with chest radiography, cultures of sputum, 
blood and/or bronchoalveolar lavage fluid (particularly in the 
immunocompromised patient), as well as by pulmonary func-
tion tests (PFTs) and CT chest scan with pulmonary  embolism 
protocol. For cardiovascular causes of acute dyspnea, diag-
nostic studies might include EKG, echocardiogram, serum 
troponin and BNP/NT-proBNP measurements and, in some 
cases, cardiac catheterization with coronary angiography.
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For most SSc patients experiencing breathlessness, the 
onset is insidious and the course is chronic. In the evaluation 
of the SSc patient with chronic dyspnea, three important eti-
ologies should be considered, keeping in mind that these 
causes are not mutually exclusive: (1) interstitial lung disease 
(SSc-ILD); (2) pulmonary arterial hypertension (SSc-PAH); 
and (3) cardiac disease, either primary SSc heart disease or 
heart disease secondary to hypertension, aging or other 
causes.

SSc-ILD most often is characterized as a nonspecific inter-
stitial pneumonia (NSIP) and is the most frequent cause for 
chronic dyspnea in SSc [1]. Lung biopsy is rarely required for 
diagnosis. SSc-ILD should be suspected in the patient with 
dyspnea and fine inspiratory crackles on chest examination. 
A diagnosis of SSc-ILD is confirmed with the finding of a 
restrictive PFT pattern along with typical findings on the high 
resolution computed tomographic (HRCT) chest scan, i.e., 
relatively symmetric and bilateral ground-glass opacities with 
associated fine reticulations, often with subpleural sparing, 
and pulmonary volume loss resulting in traction 
bronchiectasis.

Pulmonary arterial hypertension (SSc-PAH) is another 
important cause for chronic dyspnea [4]. Here, PFTs may 
indicate normal spirometry and normal lung volumes, but the 
diffusing capacity for carbon monoxide (DLCO) is reduced 
and the DLCO does not correct when adjusted for alveolar 
volume (DL/VA). Echocardiography is an essential screening 
test in any SSc patient who is short of breath. If there are any 
finding suspicious for PAH, e.g., elevation of right ventricular 
systolic pressure (RVSP), abnormal size and function of the 
right ventricle, septal bowing, etc., right heart catheterization 
(RHC), the gold standard for diagnosing PAH, would be indi-
cated. RHC demonstration of elevated mean pulmonary 
artery pressure (mPAP >20  mmHg) at rest together with 
normal pulmonary capillary wedge pressure (PCWP) and 
high pulmonary vascular resistance (PVR > 3 Wood units) is 
diagnostic of PAH. If the mean PAP is elevated in the setting 
of a high PCWP, pulmonary venous hypertension due to dia-
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stolic dysfunction or primary SSc heart disease should be 
suspected. Additional testing to evaluate cardiovascular 
causes for chronic dyspnea might include serum levels of 
BNP/NT-proBNP and troponin and, in some cases, cardiac 
MRI [3].

To illustrate our approach to the SSc patient with chronic 
dyspnea, we present the following two patients, one of whom 
was found to have SSc-ILD and the other SSc-PAH.

Case One. A 75-year-old female was in her usual state of 
health until about 4 months prior to presentation when she 
developed swelling and pain in both hands and feet along 
with fatigue. Her fingers were “puffy” and she was having dif-
ficulty performing activities of daily living. She also reported 
the new development of color change of her fingers during 
cold exposure consistent with Raynaud phenomenon. These 
symptoms were accompanied by cough and dyspnea. Initially, 
she was evaluated in an Emergency Department and treated 
with antibiotics when a diagnosis of pneumonia was sus-
pected due to abnormalities on chest x-ray. Upon referral to 
Rheumatology, she was found to have an oxygen saturation 
of 96% while breathing room air, and she was noted to have 
puffy fingers, proximal skin thickening, abnormal nailfold 
capillaries and anti-Scl70 antibodies consistent with a diagno-
sis of diffuse cutaneous systemic sclerosis (dcSSc). Pulmonary 
exam was notable for bibasilar inspiratory crackles. Given 
the diagnosis of dcSSc with dyspnea and bibasilar crackles, 
there was a high level of concern for pulmonary involvement. 
PFTs revealed a forced vital capacity (FVC) of 75% pre-
dicted, total lung capacity (TLC) of 70% predicted, and dif-
fusing capacity for carbon monoxide (DLCO) of 57% 
predicted, which corrected to 97% when adjusted for alveo-
lar volume (DL/VA). On 6-minute walk test (6MWT) the 
distance walked was moderately reduced and her oxygen 
saturation (O2 sat) fell to 93%. HRCT chest scan revealed 
basilar and peripheral predominant reticular opacities, trac-
tion bronchiectasis, consolidation and ground glass opacities 
without honeycombing, a pattern consistent with nonspecific 
interstitial pneumonia (NSIP). Additionally, an echocardio-
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gram revealed a normal estimated right ventricular systolic 
pressure (RVSP) of 26 mmHg. SSc-ILD was diagnosed, and 
treatment with mycophenolate mofetil (MMF) was insti-
tuted. After 4 months of MMF treatment, she was noticeably 
improved. Cough and dyspnea had resolved. PFTs and 
6MWT were repeated as objective measures of response to 
therapy. 6MWT distance improved and the O2 sat improved, 
falling to only 98%. FVC and TLC normalized (98% and 
87% predicted, respectively). PFTs also showed an increase 
in DLCO from 57% to 71% predicted. The excellent outcome 
in this case is likely attributable to early diagnosis and 
prompt management with immunosuppressive therapy. 
Scleroderma Lung Study II and other studies support the use 
of MMF as initial therapy for SSc-ILD [5, 6]. Other immuno-
suppressive agents have also been used with varied success, 
and the addition of anti-fibrotic drug therapy is another 
consideration.

Case Two. A 70-year-old female presented with a 2-year 
history of worsening dyspnea on exertion and reduced exer-
cise capacity. She noted increased dyspnea when climbing 
two flights of stairs or when walking on an incline. She had an 
11-year history of limited cutaneous systemic sclerosis (lcSSc) 
manifested by Raynaud phenomenon, telangiectasias, calci-
nosis and gastroesophageal reflux disease. An earlier HRCT 
chest scan had shown mild peripheral, basilar predominant 
reticulations and ground glass opacification. To evaluate the 
worsening dyspnea, PFTs were performed and revealed 
forced vital capacity (FVC) of 85% predicted, forced expira-
tory volume at 1  sec (FEV1) of 79% predicted, diffusing 
capacity for carbon monoxide (DLCO) of 52% predicted and 
a DLCO adjusted for alveolar volume (DL/VA) of 62%. On 
6MWT, she walked 460 meters without significant O2 desatu-
ration (96%). HRCT chest scan showed mild ILD and was 
unchanged from baseline. Echocardiogram showed an 
 estimated right ventricular systolic pressure (eRVSP) of 
39 mmHg. SSc-PAH was suspected on the basis of worsening 
dyspnea, increased eRVSP on echocardiogram, a declining 
DLCO that did not correct for alveolar volume. Additionally, 
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serum B-type natriuretic peptide (BNP) was noted to be 
mildly elevated (120  pg/mL, normal <100  pg/mL). Right 
heart catheterization was performed and revealed an ele-
vated mean pulmonary artery pressure (mPAP) at rest of 
27  mmHg, normal pulmonary capillary wedge pressure 
(PCWP) of 12 mmHg, and elevated pulmonary vascular resis-
tance (PVR) of 3.97 Wood units, thus confirming a diagnosis 
of SSc-PAH.  Initial combination therapy with tadalafil and 
ambrisentan was instituted. Dyspnea and exercise capacity 
improved, and she was able to walk longer distances even on 
an incline. Serum BNP normalized (84 pg/mL). The excellent 
outcome in this case is attributable to a high index of suspi-
cion for PAH in a dyspneic lcSSc patient with PFT and echo-
cardiographic findings suggestive of PAH, followed by early 
confirmation with RHC.  Treatment of mildly symptomatic 
(WHO Functional Class II) PAH patients has been shown to 
be beneficial [7], and initial combination therapy with tadalafil 
and ambrisentan, as in this case, has been shown to be supe-
rior to monotherapy [8].
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 Case Vignette

55-year-old male patient with a disease duration of 5 years, a 
diffuse cutaneous form of SSc (mRSS 20), including GI 
involvement and stable lung fibrosis, is presenting with dry-
ness of skin and an increased sensation of itch, involving 
mostly the extremities and parts oft he trunk. Itch is so severe 
that he gets awakened at night. Use of ointment from a drug 
store provided no relief. His previous medical history is 
remarkable for allergic rhino-conjunctivitis due to grass pol-
len. Furthermore, his only son suffers from atopic eczema.

 Background

Itch (pruritus) is a very common problem in the general 
population with a 12-month incidence of up to 7% [1, 2]. In 
patients with SSc, itch may be present in up to 60% of cases 
and a correlation with disease severity has been described 
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[3–6]. In addition, it has also been shown that the presence of 
itch correlates independently with the severity of skin hard-
ening and greater GI involvement and remained predomi-
nantly stable in the course of the disease [5, 7].

In general, Itch may be directly associated with skin dis-
eases or can be secondary due to internal organ involvement 
.. The exact causative mechanisms for itch in SSc still have to 
be elucidated. It is tempting to speculate that several patho-
physiological events contribute to the clinical symptom of 
itch in SSc patients. Inflammatory processes in the dermis, the 
subsequent loss of skin appendages by the fibrotic process in 
combination with the loss of the ability to synthesize appro-
priate amounts of “endogenous lipids and emollients” con-
tributes to skin xerosis are probably major factors [7]. 
Furthermore, entrapping of sensory nerve fibers can also 
contribute to the development of pruritus.

Due to comorbidities, itch is often not taken sufficiently 
into consideration with its effect on well being of the patient, 
although it may significantly affect quality of life, disturb 
sleeping and contribute to mood disorders and depression 
[7]. Therefore adequate symptomatic therapy of itch is an 
important component of multimodal therapy in SSc patients.

 Differential Diagnosis

Differential diagnosis of pruritus encompasses a wide array 
of dermatological and non-dermatological diseases (see 
Fig. 5.1). Medical history (including onset, duration, location, 
quality and severity of itch) and skin examination are the 
basis of an initial assessment [8].

In chronic pruritus (i.e., persisting longer than 6 weeks) a 
complete dermatological examination is mandatory to 
exclude comorbidities and underlying systemic dieseases. It 
also has to be considered that a number of drugs may induce 
or maintain chronic pruritus [8].
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 Therapy

The patient in this vignette suffers from a diffuse cutaneous 
SSc, but also has a history of atopic disease, indicating an 
increased risk to have dry skin (xerosis cutis) and develop 
atopic eczema.

As a first step, the patient should be informed about gen-
eral pruritus-relieving measures as keeping room tempera-
tures stable and applying moisturizers to improve skin barrier 
and reduce itching [2]. Although many patients report that 
hot or cold showers reduce itch, no scientific studies have 
been performed to confirm this observation and repeated 
showering leads to drying up of the skin. Avoidance of fre-
quent bathing and showers is strongly recommended.

Topical therapy will be the mainstay of initial treatment. 
Usually, the patients apply emollients that have a high-water 
content favoring resorption, but having no effect on the skin 
texture and reducing itch sensation. Hence, an emollient con-
taining urea (3–10%), lactic acid (1–5%, increasing hydra-

Xerosis cutis
Atopic eczema
Infectious diseases
Bullous disease
Neoplasia
Sézary- Syndrome

Psychiatric disorders
Nerve disorders

Pregnancy
Irritation
Allergic reaction

Endocrine disorders
Infectious diseases
Haematologic diseases
Kidney diseases
Hepatopathy

S
Y

S
T

E
M

IC
D

IS
E

A
S

E

O
T

H
E

R
S

Itch

S
   K

   I   N
C

   N
   S

Figure 5.1 Differential diagnosis of SSc associated Itch
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tion) and a higher percentage of glycerol (up to 20%) should 
be recommended. Topical application of glucocorticoids can 
reduce itching for some time. Also calcineurininhibitors can 
be used. Capsaicin (0.025% in a lipophilic vehicle), is an alka-
loid contained in chili peppers interacting with sensory neu-
rons, which is recommended for localized pruritus [2].

Antihistamines are widely used as a treatment for chronic 
itch in systemic diseases. However, conventional doses of 
antihistamines, either sedating first generation or non- 
sedating second generation antihistamines have not yet 
proven effective in controlled studies.

Gabapentin and pregabalin are antiepileptic and anxio-
lytic drugs which are also used in neuropathic pain and 
chronic severe pruritus. In severe cases, these drugs may 
therefore be considered as treatment options [2, 9].

UV-based therapy is well established for treating pruritus. 
UV modalities comprise UVB (290–320  nm) and UVA 
(320–400 nm). Usually, UV therapy is combined with topical 
treatment. A number of uncontrolled studies indicate a ben-
eficial effect of UVA1 and photochemotherapy (Psoralen + 
UVA) on fibrosis in SSc leading to softening of the skin [10, 
11] (Morita et al., 1995, 2000). In addition, UV therapy is also 
reducing the inflammatory response. Therefore, in severe 
pruritus these options should be considered. Systemic ther-
apy of the underlying disease by mycophenolate mofetil, 
rituximab or cyclophosphamide in severely affected patients 
with dsSSc leads to a reduction of the inflammation and can 
influence the extent of itching.

In conclusion, management of itch in SSc patients com-
prises proper diagnosis and exclusion of other factors [12]. 
Treatment consists of topical treatment modalities 
 accompanied by systemic and UV-therapy. In protracted, 
recalcitrant itch an interdisciplinary approach involving a 
dermatologist is mandatory.
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 Introduction

Systemic sclerosis  (SSc) is a severe disease with skin and 
internal organ fibrosis. A progressive course, complications, 
functional limitations, multiple visits to the clinic, hospitaliza-
tions, an uncertain prognosis often lead to mood disorders, 
such as depression and anxiety. Pain, chronicity, compromised 
physical health, disfigurement, limited treatment options, and 
disability negatively affect Health Related Quality of Life 
(HRQoL) [1]. Mood disorders and depression may overlap 
with SSc.

Depression is characterized as sad mood, loss of interest or 
pleasure, feelings of guilt, low self-esteem, poor concentra-
tion, disturbed sleep and/or appetite, loss of energy, and psy-
chomotor dysfunction for more than 2 weeks [2]. A diagnosis 
of depression is based on patient interview, documented use 
of antidepressants or psychiatric consultation.
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The relative risk of depression in SSc patients is 3.3–6.9 [3]; 
depression comprised 73.2% and anxiety 23.9% of all mood 
disorders in SSc [4]. About 18.1% of SSc patients hospitaliza-
tions were due to depression and about 4.4% to psychosis [5]. 
SSc patients have a higher incidence of depression than 
patients with other rheumatic diseases [6–8]. SSc was an inde-
pendent risk factor for depression [9]. SSc patients may 
develop adjustment disorders (dysthymia or alexithymia), or 
a mild, moderate or major depressive disorder (MDD). Mild 
depression was reported in 36–69%, moderate in 20%, MDD 
in 5% of patients [10–12]. Lifetime MDD was reported in 
22.9%, current MDD (30 days) in 3.8% and 12 months MDD 
in 10.7% of patients; MDD is associated with low vitality and 
suicidal ideation [13, 14]. Depression correlated with poor 
indexes of FACIT-Fatigue score, Health Assessment 
Questionnaire-Disability Index, and Center for Epidemiologic 
Studies Depression. Patients with SSc have a reduced capac-
ity to perform previous duties, they are absent from work, 
lose social position and income [15]. Depression correlated 
with all case mortality in SSc patients [9]. Depression and 
psychosis increased the risk of in-hospital mortality among 
SSc patients [5].

Anxiety is an exaggerated reaction to stress, pain, disabil-
ity, and uncertainty, presenting with fear, anger, or panic dis-
order; it often complements depression [16]. The prevalence 
of anxiety is 35–80% [1, 10, 17, 18]. Patients fear SSc complica-
tions, assessments, hospitalization, limited number of 
 specialists specializing in scleroderma, SSc progress, disfig-
urement, disability and early death [19].

We report on a severe case of MDD. A 42-year-old female 
school teacher was diagnosed with SSc and myositis 3 years 
ago. She presented with Raynaud’s phenomenon, arthralgia, 
muscle weakness, dyspepsia, digital ulcers, interstitial lung 
disease, diffuse skin thickening (DcSSc), severe interstitial 
cystitis which required self-catheterizations, elevated creatine 
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kinase levels and positive anti-topoisomerase antibodies. The 
patient was treated with corticosteroids, omeprazole, iloprost, 
mycophenolate mofetil, elatrol, and intravenous immuno-
globulins. She was strongly supported by family members but 
developed a reduced mood, disturbed sleep and feelings of 
guilt. Serial psychological interventions, occupational and 
physical therapy were started; pregabalin was added by a 
psychiatrist. Later, the patient was admitted for MDD with 
suicidal ideation; escitalopram and brotizolam were started; 
pregabalin was changed to duloxetine. Gradually, her condi-
tion improved; on her last visit to the clinic, she was physically 
and mentally stable. One may learn, that early diagnosis of 
depression, recruitment of psychologist and psychiatrist, orga-
nizing of “supporting circle” could help in stabilization of 
patient’s mental health.

 Contributory Factors Related to Mood 
Disorders

Pains and pruritus significantly contribute to depression; 75% 
of patients reported pain; pain impairs sleep, induces fatigue, 
functional limitation, and disability. Sleep disorders aggravate 
depression, pain, and vice versa [20, 21]; 76% of SSc patients 
have sleep disturbances [22]. Dyspnea, fatigue, digestive prob-
lems, digital ulcers, pruritus, and depression have a major 
influence on sleep [21, 23–25]. Fatigue is described as  persistent 
exhaustion, inability to perform, and a need to invest addi-
tional effort; 89% of SSc patients reported fatigue [23]. 
Fatigue is associated with digestive and respiratory problems, 
pain, depression, impaired coping capacity, and reduced 
HRQoL [26–28]. Fatigue in SSc patients was significantly 
worse than in cancer patients in remission, and was compati-
ble with cancer patients on active treatment [29]. The nega-
tive effect of fatigue progresses with life-time [30].
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 Scleroderma-Related Features and Mood 
Disorders

Hand stiffness, Raynaud’s phenomenon, digital ulcers, early 
SSc, DcSSc, dyspnea, reflux, fecal incontinence, malnutrition, 
renal crisis, sexual dysfunction, and urinary tract abnormalities 
are associated with depression and/or anxiety [11, 31–37]. 
Disfigurement with facial and hand changes and telangiectasia 
correlated with depression, anxiety, and impaired HRQoL [12, 
16, 27, 38–40]. Low Appearance Self-Esteem score in SSc 
patients correlated with depression, anxiety and disability [19].

 Possible Pathogenic Mechanisms of Mood 
Disorders in SSc

Inability of the immune system may lead to insufficient physi-
cal and psychological defense mechanisms; long-lasting psy-
chological and physical distress predisposes to mood disorders. 
Possible mechanisms for the development of depression were 
proposed: dysfunction of microvasculature in central nervous 
system [41], impaired cortisol response to stress [42], dysregu-
lation of serotonin synthesis [43], and excessive production of 
Interleukin-1, Tumor Necrosis Factor-alpha and Interleukin-6; 
their levels correlate with active inflammation and fibrosis 
and induce fatigue and sleep disturbances in patients with 
inflammatory diseases and correlated with depression.

 Patients’ Perspectives

A patient’s perception of SSc has a major impact on mental 
scores [44]; patients with “illness identity” had reduced func-
tional capacity and ineffective coping with scleroderma [45]. 
Patients wish to participate in support groups with emphasis 
on education, including family members, information on 
centers specializing in SSc [46]; 78.6% indicated “education” 

A. Balbir-Gurman and Y. Braun-Moscovici



59

as a major need with an accent on information about SSc, 
medications, alternative medicine, relaxing strategies and 
exercise programs, coping with pain, fatigue, stress and 
changes in appearance, information on social services, dis-
ability and prognosis.

Patients’ associations are helpful in providing balanced 
information and sharing coping styles, such as “think posi-
tive”; media and the internet can be additional channels to 
learn about scleroderma [47].

Case 2. A 34-year-old patient has suffered from sclero-
derma for 4 years; her main problems include skin involve-
ment, digital ulcers, esophageal reflux, and mild interstitial 
lung disease. The patient was very anxious about her pulmo-
nary condition; in recent months, she arrived at the emergency 
room several times with severe attacks of cough and dyspnea. 
Repeated imaging, respiratory function, and oxygen satura-
tion tests showed no worsening of lung condition. In repeated 
conversations it became clear that the patient had been suffer-
ing from esophageal reflux with probable micro- aspirations. 
She had received a detailed explanation from a rheumatolo-
gist, had been evaluated by a gastroenterologist. A detailed 
explanation of eating arrangements, prevention of food before 
lying down, lifting of a pillow, conversation with clinical psy-
chologists, and acupuncture treatment resulted in an improve-
ment in respiratory condition. Symptoms of SSc and anxiety 
may overlap; patient’ education and advices how to manage 
disease complication may help to both, scleroderma and mood 
disorder.

 How to Provide Better Health Care to SSc 
Patients with Mood Disorders

Severe emotional distress in early DcSSc or exhaustion in 
long-standing disease leads to cognitive impairment, poor 
compliance with treatment, loss of interest and energy, and 
progression to MDD; psychosis and delirium are rare in 
scleroderma. It is crucial to diagnose mood disorders early. 
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The approach to SSc patients includes proper attention to 
mood disorders, building a relationship with the patient on 
the basis of deep empathy and trust, providing available 
access for help, construction of “supportive circle” with fam-
ily members and care-providers, and simultaneous treatment 
of scleroderma symptoms and mood disorders. Physicians 
should make an effort to understand the patient’s feeling to 
indicate the problem. Detailed anamnesis should include the 
patient’s description of symptoms (pains, pruritus, sleep qual-
ity, fatigue, and organ specific problems), family history of 
autoimmune and mental diseases, smoking, alcohol, and 
drugs. Compliance with medications and probable adverse 
events need to be checked. Functional disability, mouth and 
hand handicap, disfigurement, disability, social aspects (input, 
role in the family and society, meetings, pleasure) should be 
appreciated; it is useful to meet family members and informal 
care-givers. Identification of mood disorder, especially mod-
erate and severe depression, is an indication to assessment by 
psychologist and psychiatrist and prescription of medications 
(selective serotonin reuptake inhibitors, selective serotonin 
and norepinephrine reuptake inhibitors, pregabalin). 
Treatment of mood disorders should include psychological 
support, providing the way to “positive” thinking, behavior 
therapy aimed at restoring a positive attitude, helping in 
understanding the situation, learning to adapt demands and 
expectations to new conditions, priorities, and construction 
problem-solving plans. Patients should be taught how to 
avoid stressing or challenging situations and how to balance 
between functioning and disease, how to cope with Raynaud’s 
phenomenon and  digital ulcers, how to prevent cough and 
aspiration caused by reflux, how to keep joint range of move-
ment and muscle strength. Patients need an explanation on 
the importance of regular blood tests and cardiac and pulmo-
nary assessments, measurement of blood pressure and weight, 
and treatments options; they need to be sensitive to changes 
in their body and soul. Providing online support by a nurse, 
psychologist and the treating rheumatologist with problem- 
oriented and real-life information is of great importance.
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Case 3. A 35-year-old woman developed progressive SSc 
with joint contractures and digital ucers. She had pain, itching, 
evere fatigue and could not sleep. Difficulties at work and at 
home made her sad. We advised her to stop working and 
adjust activities to her new situation. She was treated with 
cyclophosphamide, bosentan, and abatacept; there was grad-
ual improvement of skin and joints condition and  digital 
ulcers. In addition, she was putted on multidisciplinary pro-
gram with contemporary care by nurse, psychologist, occupa-
tional therapist and “drama-therapy”. Patient’ high motivation 
and “positive attitude”, family and care-providers support 
were fruitful: after 2 years of fighting, she could return to half- 
time work and some of her regular activities, including social 
gatherings and trips abroad. During her last visit to the 
department, she said, “I learned to accept my illness with 
dignity, to give it a place in my life, I do not like my illness, but 
I think it changed me and gave me strength to be an another 
person. I did not realized, how strong I could be!”. It is very 
important to recruit patient’ positive attitude and teach to 
choose the right priorities and to look for positive side in every 
situation, be motivated and try to bring life back to normal. 
Multidisciplinary approach can certainly provide an answer.

 Conclusion

Patients with SSc often have mood disorders; they correlate 
with more severe skin and joint problems, functional limita-
tion, and disability. SSc is characterized by a variety of organ 
involvement with a diverse course and severe prognosis; 
absence of radical treatment makes patients insecure and 
hopeless. Dyspnea, Raynaud’s phenomenon, pain, fatigue, 
sleep disturbances, gastro-intestinal tract dysmotility and dis-
figurement induce impaired patients’ HRQoL. Mental disor-
ders often run subtle and underdiagnosed; patients with 
scleroderma receive less or late treatment in this regard. 
Mood disorders aggravate SSc symptoms, cause poor disease 
perception and compliance, social isolation and work disabil-
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ity; they have an adverse effect on treatment outcomes and 
survival of patients with SSc. Building of a multidisciplinary 
team in centers specializing in the treatment of SSc are of 
great importance in physicians’ and patients’ perspectives; 
they provide advanced support which includes a spectrum of 
physicians’ sub-specialties (rheumatologists, pulmonologists, 
cardiologists, gastroenterologists, etc.) and health-care pro-
viders (nurses, psychologist, occupational therapists, physio-
therapists, etc.). Empathic relationships between the patient 
and treating team, accessebility and personalized care are the 
best way to achieve patients trust and compliance. Use of 
various formats for patients’ education, such as formal lec-
tures, patients’ meetings or support groups; media and on-line 
facilities will provide better eligibility of information, under-
standing of SSc features, and treatment modalities. 
Recruitment of a psychologist and social worker to a multi-
disciplinary team will contribute to the early recognition of 
mood disorders and treatment with a positive effect on a 
feeling of secure, improved compliance, better coping with 
SSc, and improvement in HRQoL.
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 What Is Raynaud’s Phenomenon?

Whereas the majority of medical eponyms describe a constel-
lation of clinical symptoms and signs around a single disease, 
the term Raynaud’s phenomenon (RP) is used to describe a 
symptom complex that can be present in virtually any form of 
digital vascular compromise. The existing classification of RP 
applies the same eponym to both the relatively benign func-
tional vasospasm of primary RP and the more complex (and 
usually severe) vasospastic, obliterative and vaso-occlusive 
microangiopathy of systemic sclerosis (SSc). The breadth of 
pathology associated with the term RP can be traced back to 
Maurice Raynaud’s original treatise which assembled a large 
number of disparate cases around the common theme of 
peripheral digital vascular compromise [1]. SSc-RP is gener-
ally considered a more severe form of digital vasculopathy 
than primary RP and can result in impaired dermal nutri-
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tional flow resulting in tissue injury such as digital ulceration 
disease and necrosis.

 The Clinical Features of Raynaud’s 
Pheneomen

The clinical features of Raynaud’s phenomenon are caused by 
digital ischaemia. Traditional definitions have focussed on the 
vasospastic component (often precipitated by cold exposure) 
resulting in discrete ‘attacks’ manifesting as digital colour 
changes (white, blue/purple and red) that reflect digital tissue 
perfusion and oxygenation during vasoactive changes within 
the digital arteries, arterioles and post- capillary venules. It is 
sensory symptoms of pain and numbness that result in 
impaired hand function and reduced quality of life. In SSc-RP, 
there is a vasospastic component with acute RP ‘attacks’ (typi-
cally precipitated by cold exposure but also the sympathomi-
metic effects of emotional stress) but also more persistent 
background digital ischaemic symptoms caused by the oblit-
erative and vaso-occlusive microangiopathy of scleroderma.

 The Relevance of Raynaud’s Phenomenon 
in Scleroderma

Endothelial injury is considered an important initiating event 
in the pathogenesis of systemic sclerosis (SSc) [2]. Evidence 
of digital vasculopathy is present in virtually all patients at 
baseline assessment; manifesting as clinical symptoms of digi-
tal vascular compromise and confirmed through identifica-
tion of morphological abnormal capillaries at the nailfold [3, 
4]. Indeed, such is the importance of digital vasculopathy, the 
presence of objective evidence of Raynaud’s phenomenon 
(RP) and nailfold capillaroscopic abnormalities are sufficient 
to fulfil classification criteria for early SSc [5] and feature, 
alongside anti-nuclear antibodies and puffy fingers, in the 
preliminary criteria for very early diagnosis of systemic scle-
rosis (VEDOSS) [6]. The absence of RP symptoms should 
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prompt clinicians to consider the possibility of a ‘SSc mimic’ 
when evaluating a patient with sclerosing skin disease [7].

 The Burden of Raynaud’s Phenomenon 
in Systemic Sclerosis

Whilst non-life threatening, SSc-RP is a major cause of 
disease- related morbidity [8]. Patient survey have ranked RP 
as the highest disease-specific manifestation of SSc in terms 
of overall frequency and impact [9]. SSc-RP results in pain, 
numbness, impaired hand function, emotional distress, 
impaired health-related quality of life and reduced social 
participation [10]. The principle goal of treatment is reduce 
the daily burden of SSc-RP symptoms but it is also hoped 
that vasoactive medications might modify disease progres-
sion. Challenging to demonstrate within the constraints of a 
clinical trial, observational data from large registries has sug-
gested a lower prevalence of vascular complications of SSc in 
patients established on calcium channel blockers (CCBs) 
early in the disease course, offering a tantalising glimpse of 
the potential disease-modifying potential of such treatments 
when used over extended periods [11].

 Clinical Vignette

 Case History

A 72 year old lady presented to the scleroderma clinic in 2014 
with an 18-month history of tri-phasic RP and 
 gastro- oesophageal reflux symptoms. Past medical history 
included hypothyroidism managed with a stable dose of levo-
thyroxine. Clinical examination revealed cool peripheries and 
grade I sclerodactyly but no other features of SSc. Anti-
nuclear antibody testing revealed an anti-nucleolar stain on 
indirect immunofluorescence but no SSc-specific autoantibod-
ies were identified using solid phase immunoassays. Nailfold 
capillaroscopy revealed good preservation of capillary density 
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but there was evidence of SSc changes with the occasional 
giant capillary, some aberrant neovascularisation and the occa-
sional microhaemorrhage (consistent with ‘early’ SSc changes 
using the classification proposed by Cutolo et al.) (Fig. 7.1). A 
diagnosis of limited cutaneous SSc (lcSSc) was made and low 
dose nifedpine (5  mg daily) was commenced for Raynaud’s 
symptoms (with a view to dose titration depending on tolera-
bility and efficacy) but not tolerated (vasoactive side effects). 
Amlodipine 2.5 mg daily was better tolerated and increased to 
5 mg daily but stopped after it was concluded it had not helped 
her RP symptomatically. Her RP remained problematic and 
treatment was commenced with sildenafil 25 mg daily which 
was better tolerated and effective at reducing Raynaud’s 
symptoms. In December 2018, she attended a routine clinic 
review and reported more intrusive Raynaud’s symptoms. 
Clinical examination revealed cool peripheries with patchy 
blanching and areas of dusky cyanosis affecting several digits 
(Fig. 7.2). A few small telangiectases were now evident on the 
palmer aspects of the fingers. There was no overt digital ulcer-
ation but minor fissuring of the thumb and index finger of the 
right hand was noted (Fig.  7.2). Cardiopulmonary screening 
has remained normal. The sildenafil dose was increased to 
50 mg daily, with the opportunity to increase the dose to 50 mg 
twice daily depending on tolerability and efficacy.

a b

Figure 7.1 Nailfold capillary morphology in early systemic sclerosis. 
(a) Left ring finger with evidence of a giant capillary, a few elon-
gated tortuous capillaries and a microhaemorrhage. (b) Right ring 
finger with a few enlarged capillaries. Similar changes were evident 
in other digits
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 Point for Consideration

The initial presentation included a number of potential ‘red 
flags’ to suggest the presence of an underlying autoimmune 
rheumatic disease including late-onset Raynaud’s, gastro- 
oesophageal reflux symptoms, positive ANA and a history of 
organ-specific autoimmunity (hypothyroidism). A clinical 
diagnosis of lcSSc was made based on the distribution of skin 
involvement and presence of scleroderma-pattern capillaro-
scopic abnormalities on nailfold microscopy. The patient 
would have fulfilled classification criteria for early SSc [5] and 
the preliminary criteria for VEDOSS [6] at presentation. First-
line treatment with calcium channel blockers (CCBs) was 
abandoned due to inefficacy of low-dose therapy and issues 
around tolerability using higher doses. Despite this, second 
line treatment with phosphodiesterase V inhibitors (PDEVi) 
has been better tolerated at low doses and attempts are under-
way to increase the dose according tolerability and efficacy. 
The decision to initiate and escalate treatment for SSc-RP is 

Figure 7.2 Appearance of the digits at routine clinic review. 
Raynaud’s is not easily assessed in the clinic setting but the digits 
may appear cool to touch and there may be visible discolouration of 
the digits. There is some fissuring of the skin of the right index finger 
and thumb which reflects impaired digital perfusion
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generally based on patient-reported symptom severity. Clinical 
findings such as visible digital discolouration, cool peripheries, 
reduced capillary refill and trophic cutaneous changes sugges-
tive of ischaemic damage (e.g. cutaneous fissuring) should 
prompt enquiry about Raynaud’s symptoms and discussion 
around treatment escalation. Initiation of vasodilator therapy 
should start with low doses with the aim of escalating the dose 
depending on tolerability and efficacy. Unwanted transient 
vasoactive effects (e.g. headaches) can sometimes be over-
come with patient education, gradual up-titration from a start-
ing low dose and reassurance that come adverse effects (such 
as headaches) have a tendency to disappear with repeated 
dosing; allowing patients to benefit from effective treatments 
that might otherwise have been stopped prematurely. The 
preservation of capillary density on nailfold microscopy 
(‘early’ changes) was consistent with the early stage of her 
disease (5 years since first RP symptoms) but may also have 
accounted for the absence of more overt digital ischaemic 
lesions such as digital ulcers and normal cardiopulmonary 
screening. It is possible proactive management of RP symp-
toms may modify disease progression in SSc.

 Assessment and Management of Scleroderma- 
Related Raynaud’s Phenomenon

RP occurs in virtually all patients with SSc and is an impor-
tant feature of early disease. RP is not life-threatening but is 
a significant cause of disease-related morbidity and should be 
treated with the same care as other disease-specific manifes-
tations of SSc. Patient education and advice on important 
aspects of self-managment (cold avoidance, core temperature 
control, smoking cessation etc.) are vital, particularly in the 
early stages of SSc. Patients become adept at cold avoidance 
and adopting strategies to prevent and/or ameliorate 
Raynaud’s symptoms which can lead to a reduction in the 
burden of SSc-RP with advancing disease duration; some-
times despite progression of the microangiopathy of SSc [10]. 
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There are a number of available vasodilator therapies that 
can be used in the management of SSc-RP. Data from large 
patient registries indicates clinicians do not fully exploit the 
therapeutic options available (with respect to treatment ini-
tiation and optimising dosing) in the management of SSc-RP 
[12]. Physician attitudes and prescribing practices for SSc-RP 
management vary considerably. A fifth of SSc experts in one 
survey considered treatment for RP unnecessary in around 
half of their SSc patients [13]; surprising given the very high 
reported burden of RP symptoms reported in surveys captur-
ing the needs of SSc patients [9]. Physician attitudes towards 
the importance of intervention may be a contributory factor 
to the significant variation in prescribing practices for SSc-RP 
[14]. Despite CCBs being recommended for the management 
of SSc-RP [13, 15], only approximately half of patients have 
ever received CCB therapy [16, 17]. Variation in clinical prac-
tice is even more marked for prostanoid therapy. Despite also 
being recommended in the management of SSc-RP [13, 15], 
prostanoid therapy is subject to marked geographic differ-
ences in reimbursement policies with higher use at units in 
Europe compared with North America [16, 17]. The use of 
PDEVi was not recommended for the management of 
SSc-RP in the original EULAR recommendations of 2009 
[18]. The findings of a subsequent meta-analysis of PDEVi 
use in SSc-RP (despite indicating only a modest benefit to 
PDEVi over placebo [19]) have led to PDEVi forming part of 
the updated 2017 EULAR recommendations [15]. The posi-
tioning of PDEVi in the management of SSc-RP is gradually 
evolving. Previous consensus best practice guidelines pro-
posed PDEVi therapy for SSc-RP in patients for whom pros-
tanoids were ineffective or not tolerated [20]. Clinical 
experience gained from using PDEVi for SSc-related pulmo-
nary arterial hypertension, the advantages of oral administra-
tion and the falling cost of generic preparations have 
encouraged the earlier use of PDEVi (increasingly in advance 
of prostanoid therapies) in SSc-RP. A practical approach to 
the management of SSc-RP and current positioning of the 
major classes of vasodilator therapy considered useful in 
SSc-RP is presented in Fig. 7.3.
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Figure 7.3 A practical approach to assessment and management of 
SSc-RP.  Adapted from [20]. The assessment and management of 
SSc-RP starts with careful assessment for contributory factors and 
patient education. Medication use includes a range of vasoactive 
medications to improve digital perfusion by either preventing vaso-
constriction or encouraging vasodilation. SSc-RP, Systemic sclerosis- 
related Raynaud’s phenomenon; CCB, calcium channel blockers; 
PDEVi, phosphodiesterase V inhibitors; ARB, angiotensin receptor 
blocker; SSRI, selective serotonin receptor inhibitor; ACEi, angio-
tensin converting enzyme inhibitor
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 Conclusions

Raynaud’s phenomenon occurs in virtually all patients with 
SSc. RP is typically the earliest clinical manifestation of SSc 
and the identification of digital vasculopathy (clinically mani-
fest as RP and through objective assessment of abnormal 
capillary morphology) is an important part of SSc diagnosis. 
RP is not life-threatening but is a major cause of disease- 
related morbidity. Clinicians should take a proactive approach 
to RP management, initiating vasodilator therapy and switch-
ing to alternative classes of vasodilators where necessary to 
establish a regime that is effective for the patient. Careful 
management of SSc-RP can reduce the impact and burden of 
digital vasculopathy. It may also modify disease progression 
in SSc.
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Critical ischemia is defined as the presence of ischemic symp-
toms at rest. It identifies patients with high risk of imminent 
tissue loss. Critical ischemia in SSc results from progressive 
microvascular insufficiency but occasionally it may result 
from macrovascular compromise by emboli, thrombosis or 
vasculitis. Outcome of critical ischemia is contingent on the 
duration of ischemia, presences of comorbidities, prompt 
institution of appropriate workup and therapy. Timely and 
comprehensive therapy is key to prevent loss of threatened 
tissues.
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 Case Presentation

The following case presentation will be utilized to illustrate 
the practical application of the diagnostic and management 
strategies of critical ischemia.

A 60-year-old female presents to the rheumatology clinic 
from her primary care provider with a two-week history of 
worsening digital ulceration on the third and fourth digits of 
her right hand. Her past medical history includes limited 
cutaneous systemic sclerosis complicated by significant gas-
trointestinal involvement, and subcutaneous calcinosis. She 
is known to be anticentromere positive. Despite her efforts 
at primary prevention of ulceration (wearing protective 
clothing, warming her hands, limiting time outside, and tak-
ing her prescribed medications including CCB), she devel-
oped the  digital ulcerations. Her primary care physician 
started her on a course of steroids, and when she did not 
improve, he sent a referral to rheumatology for the next 
available appointment.

Upon arrival to the rheumatology office 2 weeks later, the 
patient was in distress and her ulcerations had progressed 
despite the patient’s strict adherence to her prescribed ste-
roids. Her clinical exam was benign aside from digital gan-
grene (Fig. 8.1).

She was admitted to the hospital, and despite administra-
tion of prostacyclin analog and other therapy, she did not 
regain perfusion to any portion of the effected digits. 
Unfortunately, she lost one half of her third digit and the tip 
of her fourth by means of autoamputation.

Cases with this outcome prompt investigation into root 
cause as well as appropriate quality care measures. There 
is always the question of what could be done differently, 
and could this outcome have been avoided. This chapter 
aims to further prepare clinicians for similar clinical 
scenario.
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 Definitions and Pathogenetic Pathways

Vascular features dominate the clinical presentation of sys-
temic sclerosis (SSc). Raynaud’s phenomenon (RP) is the 
most characteristic early and persistent vascular symptom [1]. 
A Raynaud-like vasoconstriction associated with decrease 
blood flow has been also described in the cardiac, pulmonary 
and renal circulations. A fibroproliferative remodeling of the 
vascular wall at the arteriolar level leads to fixed narrowing 
of lumina, and the subsequent rigidity of the vascular wall 
leading to vascular stiffness [2]. Ischemia of tissues eventually 
ensues and progressively intensifies leading to ischemic 
symptoms when blood supply does not meet tissue demand. 
Further progression of imbalanced supply and demand lead 
to ischemic symptoms at rest. This state is best described as 

Figure 8.1 Digital gangrene in patient with limited cutaneous sys-
temic sclerosis
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‘critical ischemia’. Occasionally, a vasospastic attack in this 
setting may lead to total occlusion of the vessel and subse-
quent gangrene of surrounding tissue resulting in digital 
ulcers or renal crisis.

Microvascular endothelial cells (MVECs) exist as a con-
tinuous monolayer of cells attached tightly to the basal lam-
ina, that are involved in important functional tasks such as 
regulation of coagulation and fibrinolysis, permeability, vaso-
reactivity, cellular metabolism and nutrition [3]. MVECs have 
other functions that include fluid filtration, neutrophil recruit-
ment and trafficking. Injury to the endothelium in SSc results 
in profound MVECs dysfunction that is prominent in the 
early stages of the disease and progressively worsens as the 
disease progresses. This dysfunction is manifested by increase 
vascular permeability and dysregulated control of vascular 
tone that is clinically best illustrated by the puffy hand stage 
and by RP. An imbalance in endothelial vascular signals with 
increased endothelin production and impaired nitric oxide as 
well as prostacyclin release mediates the vasospasm and con-
tributes to the intimal proliferation, vascular fibrosis and stiff-
ness of the vessel wall. Platelet activation and enhanced 
coagulation with reduced fibrinolysis may contribute to fibrin 
deposits and the evolution of the intimal fibroproliferative 
lesion resulting in luminal narrowing. Enhanced MVECs 
apoptosis and injury is proposed as a crucial initiating event 
leading to capillary breakdown, vascular remodeling, and 
ultimately to blood vessel occlusion. Attacks of RP leads to 
ischemia-reperfusion injury to the vessel wall and the activa-
tion of the NF-kB pathways leading to the generation of 
oxidative stress that add further  insult to the endothelium. 
Immune activation and generation of autoantibodies and 
defective angio/vasculogenesis lead to impaired regeneration 
of blood vessels and restoration of adequate blood supply to 
affected tissues [4].

A distinct events and pathways are involved in the initia-
tion and evolution of the critical ischemia that are inferred 
from the pathogenetic observations are listed (Table 8.1). The 
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observed pathways act consecutively or simultaneously and 
represent attractive targets for the prevention and treatment 
of critical ischemia.

Not all critical ischemia in SSc are entirely related micro-
vascular disease. Macrovascular occlusion by thrombosis, 
emboli or vasculitis can occur and need to be promptly inves-
tigated. The key point is that digital ischemia and ulceration 
in SSc patient may be due to large vessel as well as to small 
vessel disease. The association of vasculitis and scleroderma 
is unusual but well documented in the literature. The most 
commonly observed vasculitis is anti-neutrophil cytoplasmic 
antibody (ANCA)-associated vasculitis [5]. The presence of 
ANCA in in the setting of SSc critical ischemia should raise 
the possibility of an associated vasculitis. Digital ischemia, 
similar to ones seen in SSc, is reported in patients with granu-
lomatosis with polyangiitis (formerly termed Wegener’s) [6].

Table 8.1 Potential targets for therapy
  • Endothelial apoptosis

  • Immune activation and the generation of anti-endothelial 
antibodies and harmful cytokines

  • Oxidative injury

  • Adhesion molecule expression and endothelial activation

  • Enhanced cellular proliferation

  • Platelet activation

  • Hypercoagulation

  • Defective fibrinolysis

  • Impaired production of endothelial nitric oxide and 
prostacyclin

  • Enhanced endothelin production

  • Defective angiogenesis and vasculogenesis

  • Tissue hypoxia
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 Risk Factors for Developing Critical Ischemia

Risk factors associated with poor outcome and development 
of gangrenous lesions were proposed by analysis of the 
Digital Ulcer Outcomes (DUO) Registry (Table  8.2). This 
European prospective multicenter observational cohort 
enrolled 4944 patients with past or current DUs from April 
2008 to November 2014 [7]. The data demonstrated that gan-
grene is a common event that occurred in 18% of patients 
with DUs. The data also can help to risk stratify patients with 
SSc-DUs and to assess preventive and management strate-
gies. Anticentromere antibody positivity has been previously 
linked with the severity of vascular disease [8]. Thus, SSc 
patients with positive anticentromere antibody had increased 
risk of major peripheral vascular occlusive disease. Ischemia 
and digital loss were also reported in non-SSc patients with 
anti-centromere antibody, suggesting that the antibody may 
play a causal role in vascular damage [9].

 Therapeutic Approaches

Approximately 11% of patients with systemic sclerosis will 
develop critical limb ischemia during the course of their dis-
ease, and 18% of all SSc patients have DUs [10]. Therapeutic 

Table 8.2 Risk factors for 
developing gangrene

  • Smoking status

  • Previous gangrene

  • Previous autoamputation

  • Previous soft tissue infection 
requiring systemic antibiotics

  • Previous osteomyelitis

  • Previous hospitalization(s) 
for DUs (at least 1 day)

  • Upper limb sympathectomy
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interventions must be initiated quickly and imperatively. 
Rheumatologists experienced in the management of SSc 
complication should be responsible for initiating the diagnos-
tic workup and for coordinating patient’s care. Primary care 
physicians are not prepared to act fast or to choose the appro-
priate therapy as illustrated by the presented case. The treat-
ment of critical ischemia should be individualized and must 
utilize a multidisciplinary approach. The stage, location, and 
comorbidities of the patient must be considered to achieve 
optimal outcome.

 Interdisciplinary Team Care

Critical Ischemia in SSc requires a multidisciplinary manage-
ment, since pharmacological therapy is indicated for some 
cases and complementary surgical management is better for 
others. A team of professionals representing different disci-
plines to assist in the evaluation and management of the 
patient with critical ischemia is essential for rational and 
timely care. The team typically include individuals who are 
skilled in in the management of critical ischemia (Table 8.3).

Table 8.3 Interdisciplinary 
team

  • Vascular and orthopedic 
surgeons

  • Infectious disease 
specialists

  • Radiology and vascular 
imaging specialists

  • Physical medicine and 
rehabilitation clinicians

  • Physical and occupational 
therapists

  • Pain management 
specialists

  • Nutrition and dieticians
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Initial approach—Hospital admission should be initiated 
immediately, patient should be stabilized and a central line 
need to be established. Pain management is important first 
step to reduce reflux vasospasm associated with pain. 
Laboratory workup including serologic testing of possible 
associated or overlapping disorders should be obtained 
(Table 8.4). Next, vascular imaging to detected possible large 
vessel disease should be completed as soon as feasible.

Pain management—Intense pain is associated with critical 
ischemia and can be quite punishing and exhausting. Pain 
management experts should be involved early after hospital 
admission to plan an individualized approach to achieve safe 
and effective analgesia by utilizing short and long acting anal-
gesic agents. Opioids remain the principal agents, however, 
they should be used at the lowest effective doses to avoid 
short and long-term complications.

Vascular imaging—Duplex ultrasound, and non-invasive 
angiography with computerized tomography (CTA) or mag-
netic resonance (MRA), can demonstrate arterial obstruc-
tion. CTA requires iodinated contrast that may compromise 
kidney function. Non-contrast MRA is prone to artifact and 
concerns for nephrogenic systemic fibrosis from gadolinium 

Table 8.4 Initial laboratory workup
  • ANA titer and staining pattern

  • SSc specific autoantibodies: Centromere, Scl-70, and RNP 
polymerase III antibodies

  • Phospholipid antibodies and lupus anticoagulant

  • Cytoplasmic neutrophil cytoplasmic antibody ANCA,

  • Lupus serology: DNA, Smith, RNP antibodies.

  • Circulating immune complex levels, cryoglobulins, 
complement levels

  • Urinalysis, renal and hepatic function

  • Hepatitis serology

  • ESR and CRP
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contrast limit the use of contrast MRA in patients with kid-
ney disease. CTA and MRA can help localize disease targets 
and help plan the mode and approach to revascularization. 
Still, invasive angiography is often used to clarify the poten-
tial for revascularization and should be considered prior to 
any surgical intervention.

Wound care—The wound should be assessed for infection. 
Broad-spectrum systemic antibiotics should be instituted if 
infection is suspected. Carful debridement may be required if 
necrotic tissue develops, but should be done with extreme 
caution given the underlying vascular compromise that 
extends beyond the area of necrosis.

 Detailed Treatment Approach

Treatment options with the most crucial therapies will be 
discussed first. While there are a number of surgical 
approaches and techniques, the overall focus will be on medi-
cal therapy both in this urgent setting as well as adjunctive 
therapies. The first step in therapy is to determine if the isch-
emia is related to macrovascular or microvascular disease 
since the two require distinct treatment strategies.

 Macrovascular Ischemia

Critical ischemia secondary to larger vessel occlusion should 
be fully evaluated on initial presentation to search for revers-
ible process like vasculitis, embolic, or thrombotic events. 
Arteriography is indicated in critical ischemia when macro-
vascular cause is suspected and the option of surgery is con-
sidered. There are obvious differences in the treatment of 
macro- and microvascular disease. From a macrovascular 
perspective, the American Heart Association guidelines for 
treatment of peripheral vascular disease dictate that inflow 
disease be treated first. This is either addressed by surgery or 
percutaneous intervention. At that point outflow disease 
would then be addressed [11]. The decision on whether to 
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pursue a bypass surgery rather than an angioplasty first 
approach depends on the complexity and location of the 
lesion. The gold standard for revascularization remains surgi-
cal bypass, but the endovascular first approach may be appro-
priate in those patients with significant comorbidities as a 
2013 meta-analysis points out [12]. AHA guidelines also state 
that angioplasty should be offered first to patients with sig-
nificant comorbidities who are not expected to live more than 
2 years [13]. Upper extremity interventions for critical isch-
emia are generally successful with the rare need for immedi-
ate amputations [14]. However, despite efforts for limb 
salvaging surgery, approximately 25% of patients with chronic 
ischemia undergo amputation within 1 year. Those who are at 
higher risk of needing an amputation are those with pain in 
the limb at rest, septic complications, flexion contractures, 
and those who have necrosis of weight baring parts of the feet 
[9, 11]. Recovering from any of the aforementioned proce-
dures is complemented with aggressive wound care and 
physical therapy. Surveillance of bypass typically involves 
evaluation by a vascular specialist at least twice yearly for the 
first 2 years, ultrasound of the bypass, and measurements of 
ankle-brachial index when applicable (11). After surgery, the 
American College of Chest Physician’s (ACCP) states that 
aspirin therapy should begin perioperatively and continue 
indefinitely. Clopidogrel can be used in those patients who 
cannot tolerate aspirin [15].

 Microvascular Ischemia—The Acute Setting

Upon suspicion of microvascular critical ischemia, medical 
approaches in conjunction with surgical opinion are utilized 
for managing the microvascular insult. In the case of a critical 
digital ischemic event, patients will present with intense pain 
and debility which must be promptly and aggressively man-
aged to preserve functionality. After confirming the diagnosis 
and mapping out vascular targets, the initial pain caused by 
vasospasm can be mitigated by local injection of lidocaine or 
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bupivacaine at the base of the digit [15, 16]. Once the initial 
pain had been managed, prompt administration of vasodilat-
ing agents should be provided. Short acting calcium channel 
blockers may be used, but in the case of rapidly progressing 
ischemia, IV prostacyclin analogs are the treatment of choice 
[15, 16]. Thrombotic events would prompt inhibition of plate-
let aggregation and evaluation for angioplasty or digital sym-
pathectomy [16].

Sympathectomy—Clinical experience support sympathec-
tomy early in course of critical ischemia. Chemical sympa-
thectomy can be achieved by digital or regional administration 
of lidocaine or bupivacaine. Temporary cervical or lumbar 
sympathectomy may help for short period of time.

Digital sympathectomies/adventitial stripping are salvage 
procedures that should be considered only when more con-
servative therapies have been tried and failed or when there 
is a particular digit that appears to be imminently at risk for 
tissue loss. The procedure may improve blood flow in the digi-
tal arteries by interrupting the sympathetic vasoconstrictor 
supply to the superficial palmar arch, the common and main 
digital arteries of the fingers and stripping the periadventitial 
fibrotic tissues from around the arteries. The effect on blood 
flow can be immediate and long lasting. One study reported 
a mean follow-up period of 46  months with continues 
improvement in blood flow, healing of ulcers and rare recur-
rences of ulcers [17]. while, another study reported up to 
26% of digits required surgical amputation on follow-up [18].

Pharmacologic therapy—Therapy is aimed at reliving 
symptoms and preventing further injury. Medications pre-
ferred for their vasodilatory effect include calcium channel 
blockers, cyclic guanosine monophosphate (cGMP) specific 
phosphodiesterase type 5 inhibitors, prostacyclin analogs, and 
alpha-1 blockers. Other therapies include, statins, botulinum 
toxin, and antioxidants.

Prostacyclin (PGI2)—Prostacyclin is an arachidonic acid 
derivative that is generated by the vascular endothelium. 
PGI2 is a potent vasodilator, it inhibits platelet aggregation 
and adhesion, and is a strong inhibitor of smooth muscle cells 
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proliferation. These biologic effects propose PGI2 as a potent 
inhibitor of the fibroproliferative vasculopathy [15, 19, 20]. 
Furthermore, and relevant to SSc pathogenesis, PGI2 is 
shown to facilitate angiogenesis and repair of injured endo-
thelium [19]. PGI2 effects are analogous to the effects of 
nitric oxide and it may offset the loss of NO in certain patho-
logic states. Accordingly, PGI2 can maintain endothelial func-
tion when NO signaling is deficient [20]. Epoprostenol and 
iloprost are analogs of PGI2 that are used clinically for the 
management  of  variety of vascular disorder and should be 
considered as first line therapy in SSc of critical ischemia. 
Both analogs are administered parenterally as a continuous 
intravenous infusion via a central venous catheter. Doses are 
escalated gradually to the maximal effective or tolerable 
dose. Duration of infusion is 72 hours in hospitalized patients 
and 6  hours per day in the outpatient setting that can be 
repeated 5 days in a row. Common side effects include flush-
ing, cough, nausea, vomiting, jaw pain, insomnia, palpitations, 
muscle pain and headaches that increase transiently with 
dose escalation. Uncommon, but potentially severe adverse 
events include pulmonary edema, hypotension, syncope and 
hemoptysis [15, 16].

Epoprostenol was approved for use in the United States in 
1995, the typical dose is 2 ng per kg body weight per minute. The 
dose can be increased every 15–30 min in increments of 1 to 
2 ng/kg/min, up to 8 ng/kg/min based on clinical response and 
tolerance. Limited evidence supports the use of epoprostenol in 
SSc critical ischemia. The largest study reported acceptable 
safety and efficacy in the treatment of digital ischemia [21]. In 
that study, 29 out of 46 epoprostenol infusions had documented 
improvement in pain, increased perfusion of digits and reduc-
tion in the number and size of DUs.

Iloprost is a more stable and has a longer half-life than 
epoprostenol and is fourfold more potent. The starting dose 
is 0.5 ng/kg/min that is increased to a maximum of 2 ng/kg/
min. A landmark study that popularized the use of Iloprost in 
therapy of SSc critical ischemia reported good efficacy and 
safety [22]. In this study 126 SSc patients completed 6-hour 
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intravenous infusions of iloprost (0.5 to 2.0 ng/kg per min) or 
placebo. Significant improvement in the number of Raynaud 
attacks, global Raynaud severity score and healing of DUs 
were all noted.

Calcium channel blockers are the most common first line 
treatment for RP.  Primary RP is considered to be a self- 
limiting and benign pathology which is generally not associ-
ated with gangrene and digital ulcerations [23]. Calcium 
channel blockers are the first line medical treatment when 
conservative rewarming and protective measures are not 
adequate [15]. They act on vascular smooth muscle to cause 
arterial dilatation via action on L-type calcium channels 
thereby dampening vasoconstrictive response [15, 16]. 
Members of the dihydropyridine class (nifedipine and amlo-
dipine) are the most commonly used agents. Dosing ranges 
for these medications are from 30-180 mg daily for nifedipine 
and 5-20 mg daily for amlodipine [16]. Other members of the 
calcium channel blocker class may be used, but there is no 
proven added benefit [16]. A 2017 Cochran review demon-
strated that the dihydropyridine calcium channel blockers 
may be useful in reducing the frequency, duration, severity of 
attacks, and pain with an overall 1.72 fewer attacks per week 
(95% CI, 0.06–2.84) [24]. Side effects are generally mild and 
included headache, dizziness, nausea, palpitations, and ankle 
edema [15, 24].

Phosphodiesterase type 5 inhibitors are indicated should 
calcium channel blockers not be effective. Agents like silde-
nafil, tadalafil, vardenafil, pentoxifylline, and cilostazol have 
been used since 2003 when the first successful use of nightly 
sildenafil produced remarkable relief from RP in ten patients 
[15, 16, 25]. These medications act by inhibition of PDE-5 activ-
ity which allows cGMP to accumulate within the endothelial 
cells. This accumulation changes the cellular response to pros-
tacyclin and nitric oxide whereby resulting in vascular smooth 
muscle relaxation resulting in increase perfusion to distal tis-
sues [15, 16, 26]. These medications received a class A recom-
mendation by the European League Against Rheumatism 
(EULAR), and a 2017 literature review noted that PDE-5 
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inhibitors improve healing of digital ulcers in patients with 
systemic sclerosis, and that they may prevent the development 
of new digital ulcerations [27]. Current dosing regiments 
include sildenafil 20 mg three times daily, tadalafil 5 mg–20 mg 
daily, and vardenafil 10  mg twice daily [15]. Common side 
effects of these medications include flushing, headache, and 
dizziness. Hypotension, arrhythmia, vision changes, and stroke 
have been observed but are less frequent [16].

 Adjunctive Therapies

A lesser reviewed class of effective medication are the alpha- 
adrenergic blockers. These medications play a significant role 
in thermoregulation [16]. The most notable member of this 
class is prazosin the effects of which were studied in the 2000 
Cochrane Review [28]. Here the 3 mg daily and the 4 mg daily 
regimens were studied, the data  showed that  it was more 
effective than placebo in the treatment of Raynaud’s second-
ary to scleroderma, but there are no recommendations for 
it’s use in acute critical ischemia (28).

Glyceryl triturate (GTN) has been studied using an intra-
venous approach but the effect was transient. GTN patches 
(0.2  mg/h) were also investigated however, the side effects, 
and in particular headaches, were intolerable. Unlike phos-
phodiesterase inhibitors which increase the availability of 
endogenous nitric oxide in smooth muscle, topical nitroglyc-
erin preparations have been used for decades as a more direct 
way of inducing  vasodilatation [29, 30]. There are several 
preparations of nitrates, and while the first preparation of IV 
nitrates was discontinued due to intolerable headaches, the 
process is more refined and suitable for treating ischemia [15, 
29, 30]. This diversity of the modes of administration has 
made it more difficult to study all preperations in a standard-
ized setting, and many of the patients evaluated were treated 
with MQX-503 which is a gel not currently approved by the 
FDA [29, 30]. The currently available forms have more 
 systemic side effects, but when used in conjunction with cal-
cium channel blockers, they are effective in restoring perfu-
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sion [30, 31]. Dosing amounts and intervals will depend on 
the type of preparation used, but overall the side effect pro-
file is the same. Headaches are the most common side effect, 
and larger doses are generally not well tolerated [15, 29–31]. 
Other side effects include hypotension, flushing, dizziness, 
tachycardia, and GERD.  These agents should be used with 
caution or not at all in those with heart failure, use of a PDE 
inhibitor, or in dehydrated patients [30, 31].

Hyperbaric oxygen therapy has been used as an adjunctive 
treatment in critical ischemia for decades [32]. It is often uti-
lized when CCB, vasodilators, and prostanoids fail, and for 
patients who  need to avoid invasive treatments. The main 
mechanism is fairly straight forward and acts by increasing 
the amount of dissolved oxygen in the arterial supply 
whereby relieving the hypoxia of the skin and surrounding 
tissues [33]. This increased oxygen will also stimulate endo-
thelial cell growth and promote neovascularization.

Botulinum toxin A has increasingly been investigated as a 
method to reduce pain from RP. When applied to supplying 
blood vessels, it improves surgical flap survival via oxygen 
delivery [34]. The toxin’s main mechanism is inhibition of 
presynaptic acetylcholine release, but it may also block sym-
pathetic vasoconstriction of the smooth muscle by inhibition 
of the norepinephrine vesicle release [35]. A pilot study dem-
onstrated increase digital pulp temperature that persisted for 
up to 6  weeks after injection into the palmar arch [36]. A 
randomized double-blind placebo controlled clinical study of 
40 patients was conducted wherein investigators injected one 
randomly chosen hand with botulinum toxin (50  units in 
2.5 mL) and the contralateral hand with normal saline. The 
primary outcome was change in blood flow measured by laser 
Doppler imaging, but no significant benefits were noted at 
4 months. However, clinical measures including cold sensitiv-
ity score, and pain on a visual analog scale improved briefly in 
the botulinum toxin treated hands [37]. Overall, this agent 
will benefit from further investigation especially in acute digi-
tal ischemia cases.

Angiotensin converting enzyme inhibitors (ACEi) and 
angiotensin receptor blockers (ARBs) have been suggested 

8 Critical Ischemia



94

as therapies in ischemic events. Initial investigations of capto-
pril in 1987 demonstrated improvement in cutaneous blood 
flow, but there was no difference in frequency or severity of 
ischemic attacks [16, 38]. Subsequent studies involving other 
agents from both of these classes has likewise yielded mixed 
results. The overall consensus is that these drugs are not rec-
ommended as first line or monotherapy for digital ischemia 
[15, 16].

Fluoxetine is a member of the selective serotonin reuptake 
inhibitor class (SSRI), and at a dose of 20  mg daily it was 
shown to reduce the severity and frequency of the attacks of 
RP in a prospective pilot study [39]. The effects of serotonin 
on vascular tone are complex, and both vasodilatation and 
vasoconstriction are mediated through separate serotonin 
channels [40]. There is limited available data, and the initial 
pilot study as well as recent criticisms have brought up the 
need for a randomized double-blind trial [39, 40]. SSRIs have 
found their niche in those patients in whom CCBs cannot be 
titrated upwards due to hypotension [16].

Statins have demonstrated efficacy in digital ulcer healing, 
but the data on their use in critical ischemia is lacking [16, 41, 
42]. They are known to be vasoprotective as they decrease 
LDL and increase HDL. This change in turn decreased free 
radicals and coagulation [16]. Overall, they are generally 
added when everything else failed.

N-acetylcysteine (NAC) is the precursor of a major anti-
oxidant, glutathione  that may have beneficial effects in SSc 
ischemia due to its vasodilating properties and impact on 
platelet aggregation. A pilot study of intravenous NAC in 20 
patients with SSc-DUs showed that more than half of the 
DUs present at baseline healed after 5-day infusion [43]. A 
prospective observational study of intravenous NAC dosed at 
15 mg/kg/h for 5 hours every 14 days was recently reported 
[44]. The median treatment was 3  years, and the mean of 
ulcers/patient/year decreased significantly from 4.5 to 0.81 
with minimal reported side effects. Although promising, this 
agent should be evaluated in a prospective, placebo con-
trolled, randomized trials.
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 Revisiting the Case

At the beginning of the chapter, the case report discussed an 
unfortunate incidence of late diagnosis of critical ischemia. A 
long-term scleroderma patient with positive centromere pre-
sented to her PCP with digital ulcerations. At that point, ini-
tiating further workup including hospitalization and the 
chain of events illustrated in Fig. 8.2 would have been appro-
priate to do. Administering steroids in the absence of further 
diagnostic evaluation is not standard of care, and in this case 
led to delay in her care resulted in digital loss.

Figure 8.2 Evaluation and management algorithm for scleroderma 
patients with critical ischemia
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 Patient 1: Routine Follow-Up Patient

A 58-year-old female with a 10 year history of anti- centromere 
antibody (ACA) positive limited SSc and telangiectasias is 
seen for annual review. She does not volunteer a change in 
effort tolerance and has no new symptoms related to her SSc. 
Her echocardiogram report reveals an estimated pulmonary 
artery systolic pressure (estPASP) of 35  mmHg, the ECG 
shows ST depression and T-wave inversion in right precordial 
leads and on lung function testing she has a DLCO (diffusion 
capacity of carbon monoxide) of 38%. How would you man-
age this patient?

This is clearly a patient at risk of pulmonary arterial hyper-
tension (PAH), while all patients with SSc are at increased 
risk of developing pulmonary hypertension PH, PAH domi-
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nates in limited SSc especially those that are ACA positive. In 
diffuse SSc PAH, post capillary PH and lung associated PH 
are all common [1].

This patient has been seen routinely, and we are not told of 
any exercise limitation. To date all trials of therapy have been 
in patients with at least some breathlessness on effort [2]. We 
have no reason to believe that the treatments are ineffective 
in the absence of symptoms. Most patients with SSc have 
some exercise limitation, but being tolerant of this simply do 
not exercise to the point of breathlessness [3]. Focused ques-
tioning will often reveal breathlessness and an exercise test 
(such as a 6-min walking test) can also be helpful. Even in the 
absence of symptoms, PAH is a relentless progressive disor-
der so unless co-morbidity is a reason one would not treat 
PAH, investigation should be undertaken [4] [5],.

The echocardiogram data provided seems relatively reas-
suring. But we are provided with minimal data. If correct a 
PASP of 35 mmHg would be associated with a mean pulmo-
nary artery pressure of around 20  mmHg [6]—below the 
diagnostic threshold in current guidelines. However, we also 
know that the accuracy of estPASP is ± 40 mmHg—so pres-
sures may be entirely normal or very elevated [7]. Cardiac 
involvement in SSc is common, we are not told about the size 
of the left atrium (LA) or diastolic or systolic parameters—so 
left heart issues remains on the cards.

The DLCO is very low, but no other lung function data has 
been provided. While low gas transfer is associated with PAH 
in the setting of SSc, this is also seen in lung fibrosis and 
emphysema—so if pressures are elevated this could be due to 
lung disease [8]. A low DLCO is also associated with 
 pulmonary veno-occlusive disease [9]—which is common in 
SSc and rapidly lethal unless transplantation is an option.

There is therefore insufficient information to provide reas-
surance to this patient. Further information is required to 
determine the pre-test probability that the echo data sup-
ports or excludes PAH.  From the ECG whether right axis 
deviation is present. We also need the urate and N terminal 
probrain natriuretic peptide (NT-proBNP) levels and FVC 
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(forced vital capacity), only then can we use the DETECT 
algorithm [10] to determine the pre-test probability of PAH 
for any given echocardiographic findings.

From the echocardiogram we need to know the right atrial 
area (the probability of PAH increases as right atrial area 
increases), and the triscuspid velocity (TV—estPASP includes 
an inaccurate estimate of right atrial pressure that increases 
the error significantly): above 2.3 m/s, or 22mmmHg the prob-
ability of PAH increases [10], above 3.4 m/s or est PAPS of 
50 mmHg PH is highly probable irrespective of other findings 
[11]. It is important to also look at the left heart—reduced left 
ventricular ejection fraction (LVEF), left ventricular hyper-
trophy, valve disorders, left atrial enlargement or abnormal 
diastolic function all increase the likelihood that a left heart 
abnormality is present.

A flow-chart of how to screen and subsequently investi-
gate for SSc PH is presented below (Fig. 9.1), an outline of 
management options is shown in Fig. 9.2.

 Patient 2: Elevated Pulmonary Pressures 
with Breathlessness

A 55-year-old male with a 6 month history of diffuse Systemic 
Sclerosis, anti-Scl-70 positive and overlap myositis (CK 
630iu) presents with breathlessness on modest exertion and 
palpitations. He denies any syncopal or presyncopal events. 
He is noted to have a persistent positive Troponin between 62 
and 70 ng/L, an echocardiogram has reported LVEF of 55%, 
and estimated PASP of 55  mmHg. How should one 
proceed?

This patient may have a triscuspid velocity of 3.5 m/s and 
thus almost certain PH if the RA was estimated to be 
5 mmHg, or <3.4 m/s if the RA is estimated as ≥10 mmHg, in 
which case supportive evidence of right heart abnormalities 
is recommended as detailed in Fig. 9.1 [2]. If PH is present, 
this may be due to PAH but there are pointers suggesting that 
postcapillary PH is more likely.
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Patients with early DSSc and myositis are reported to be 
at higher risk of severe cardiac involvement, though it can 
occur in all SSc patients and at any time during the disease 
course [12]. Cardiac involvement is usually subclinical with 
minor ECG abnormalities (such as intraventricular conduc-
tion defects or loss of R wave in septal leads) [13], mild to 

Annual Pulmonary Function Testing

DLCO £ 60%, SSc ≥ 3 yr
Use DETECT calculator/criteria
FVC/DLCO
ACA
NTproBNP
Urate
ECG axis
Telangiectasia

DLCO > 60% or SSc < 3 yr
PH likely if FVC/DLCO >1.6 + NTpro-BNP
elevated Or assess echo using ESC criteria:
PH likely if TV ≥ 3.4m/s
Or if TV > 2.8m/s & < 3.4m/s
PH likely if: RA > 18, RV > LV; Septal flattening
P Acc < 105ms; PA > 25mm IVC > 2cm

Evaluate for left heart disease
LVEF < 50% or regional 
hypokinesia/akinesia
LVH (wall thickness > 1.2)
LA > 20cma2 or > 58ml; EE’ > 8; EA < 1
Valve abnormality > mild
Troponin > 14ng/L

Investigations suggest
cardiac abnormality
Standard cardiac management +
Holter monitoring (high risk if >
1000 VE/24 hr or NSVT
Consider CMR (gadolinium
enhancement or myocardial
oedema) 
Consider coronary evaluation if
risk of IHD is high
Consider cardiac biopsy if
myocarditis likely

Investigations suggest PH without
clear cardiac cause
HRCT – for emphysema, fibrosis or PVOD
VQ to exclude pulmonary embolic disease
Cardiac catheterisation – confirm or exclude
PH, and whether precapillary:
Avoid dehydration at time of catheter (may
mask left heart disease)
PAWP ≤ 12mmHg – precapillary
PAWP > 15mmHg – post capillary
PAWP 13 – 15mmHg – consider LVEDP
and/or fluid challenge

Legend.  Flow chart illustrating the issues arising during screening. Patients may or may
not meet criteria for DETECT, if not there is only consensus guidance on how to screen.
Once echo is done as part of screening one may incidentally find cardiac abnormalities,
that cannot be ignored.
ACA – anticentromere antibody status; LVEF left ventricular ejection fraction; LVH left
ventricular hypertrophy; HRCT high resolution CT scanning; VQ – ventilation perfusion
scan, PAWP – pulmonary artery wedge pressure; VE ventriculr ectopy; CMR cardiac
magnetic resonance

Figure 9.1 Annual Pulmonary Function Testing
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moderate diastolic impairment on echo [13], and cardiac 
magnetic resonance (CMR) scanning with wall thickness 
abnormalities or regional late gadolinium enhancement [14].

HFpEF (heart failure with preserved ejection fraction) is 
the most common form of symptomatic cardiac disease in SSc 
[12]. Previously this was called diastolic heart failure. In 
breathless patients the EE’ is high (often >\=14), there is left 

Exercise program

Lung PH
mPAP £ 35mmHg
Fibrosis > 20% or
10-20% + FVC< 70%
Emphysema >mild
FEV1 < 50%
mPAP any level
CPFE
Extensive lung 
destruction

Postcapillary PH
Severe valve disease
LVEF < 50%
LA > 40cm2

EE’ > / = 14 + IVSDd > 1.2
or LA area > 20cm2
PAWP /LVEDP >
15mmHg

PAH
mPAP > 25mmHg
PAWP/LVEDP ≤ 15
mmHg
PVR  > 3WU
AND
No relevant heart or
lung disease
< 2 CT criteria for
PVOD

Complex PH
PVOD
2+ CT of IST, CLN,
Lymphadenopathy
or DLCO < 30% with
resting SaO2 < 88%
Heart/lung disease
Chronic stable severe
PF+ new symptoms
Limited heart disease +
PCW  13 – 15 mmHg or
no heart disease +
PCW > 15mmHg

PDE5i + ERA
If low/intermediate
risk
Every 3mo FC; 6MWD;
N-TproBNP; annual
echo (RA size, PC
effusion?)
IV epoprostanol
If high risk

PVOD
Diuretics, cautious
PDE5i, transplant
assessment
Heart/lung:
Cautious PDE5i,
reassess including RHC
and exercise SaO2 then
consider full PAH Rx

Manage lung
disease
PF immunosuppression
Optimise
bronchodilator Rx
Sleep studies
LTOT if SaO2 < 88%
Respiratory
rehabilitation

Manage heart
disease
Valve: replacement or
repair
HFrEF: ARNI; BB; MRA,
consider SGLT2 inhibitor
HFpEF: diuretics,
manage AF
Assess SCD risk
Cardiac Rehabilitation

3 mo assessment
Low risk criteria
FCI/II
6MWD > 440m
N-TproBNP < 300ng/l
RA < 8mmHg
CI ≥ 2.5 l/min/m2

Low Risk
3 or 4 low risk criteria 1 or 2 low risk criteria 0 low risk criteria

Continue current Rx

Intermediate Risk

Add non IV
prostanoid/IP agonist
Consider IV Rx

High Risk

IV epoprostanol &
transplant assessment,
palliative care

Reassess non-invasive criteria every 3 – 6mo. Full evaluation if any deterioration and evaluate
for non PH/PAH causes of worsening

Legend: LVEDP - left ventricular end diastolic pressure; PVR – pulmonary vascular resistance; PAWP – pulmonary artery
wedge pressure; IVSDd – interventricular septal diameter in diastole; CT computerised tomography; IST interlobular
septal thickening; CLN – centrilobular nodules; PDE5i – phosphodiesterase type 5 inhibitor; ERA endothelin receptor
antagonist; FC – functional class; RA – right atrium; 6MWD – six minute walking distance; ACEi – angiotensin converting
enzyme inhibitors; BB – betablockers; CRT(D) – cardiac resynchronisation therapy (defibrillator); SCD – sudden cardiac
death; PC – pericardial; AF – atrial fibrillation; LTOT – longterm oxygen therapy; ARNI - angiotensin receptor neprilysin 
inhibitor; MRA - mineralocorticoid receptor antagonist

Figure 9.2 Overview of SSc PH management
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atrial dilation (usually >24 cm2 or 69 mL) and atrial fibrilla-
tion is common [15]. Pulmonary hypertension is common and 
may be severe. NT-proBNP is usually elevated and often 
quite high (>1000 ng/L). Breathless occurs on effort and may 
progress to overt heart failure. Because systolic function is 
preserved and pulmonary hypertension develops gradually, 
the echo appearances can be almost indistinguishable from 
PAH—with a dilated poorly functioning right heart and even 
septal flattening in advanced HFpEF associated PH (mPAP 
>40 mmHg) [15]. In such cases LA enlargement usually pro-
vides the clue that the problem is left sided. Differentiating 
incidental left atrial dilation and PAH from HFpEF in 
patients with SSc is an art rather than a science and best done 
in expert centres. The only therapy that is established in 
HFpEF is diuretics [15].

Arrhythmias may or may not cause symptoms, in the set-
ting of PH atrial arrhythmias worsen breathlessness and 
prognosis. Atrial fibrillation is strongly associated with 
HFpEF [15], in PAH atrial flutter is the more common atrial 
arrhythmia [16]. Sudden cardiac death due to ventricular 
tachyarrhythmias are strongly associated with high ventricu-
lar ectopic burden (>1000/24 h), NSVT and impaired systolic 
function with regional myocardial fibrosis [17]. In high risk 
cases an ICD is required [13], where the risk is uncertain, 
implantable monitors should be considered.

Coronary disease is believed to be more common in SSc 
than in the general population [18], though the data are 
inconsistent [19]. IHD should be considered where risk fac-
tors are identified or there is exertional chest discomfort. 
The presence of coronary disease complicates the manage-
ment of PH.

HFrEF (heart failure with reduced ejection fraction) is 
relatively uncommon but important [12], PH is relatively less 
common in HFrEF but can occur. It is associated with male 
sex, older age, overlap myositis, and lung involvement [20], it 
may be driven by an inflammatory myocarditis with persis-
tently elevated troponin. Once the diagnosis is established 
immunosuppressive therapy is recommended in addition to 
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all standard therapies for systolic heart failure [13]. In this 
population betablocker treatment is required despite the 
presence of Raynaud’s, carvedilol is often well tolerated as a 
vasodilating betablocker. In patients that progress to end 
stage heart failure despite standard treatment cardiac trans-
plantion is an option.

In this case we see high risk features (DSSc, overlap myo-
sitis, persistent Troponin elevation) but preserved ejection 
fraction. The elevated estPASP is a concern and cardiac cath-
eterisation would be required to determine if PH is present. 
If postcapillary PH is confirmed, diuretics are required as 
stated above [15]. Confirmatory catheterisation is not 
required where PH is clearly postcapillary, for example the 
LA area is >40 cm2 and there is no septal flattening [15]. A 
CMR and rhythm monitoring are essential in this case, if 
there is evidence of myocardial inflammation, then immuno-
suppression should be considered. If this is necessary from a 
non-cardiac perspective then one should simply proceed and 
monitor the Troponin and LVEF.  If there is no non-cardiac 
indication, then we advise monitoring the Troponin and 
LVEF on a 6 monthly basis [13]. If the troponin escalates or 
the EF falls then immunosuppression should be considered, 
cardiac biopsy to exclude viral infection and confirm inflam-
matory cell infiltration and ideally chemokine drivers may 
help guide choice of therapy.
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 Introduction

Digital ulcers (DU) are common (Fig. 10.1) in patients with 
SSc and are a major non-lethal complication associated with 
the disease. Around half of patients report a history of DUs 
[1, 2]. Common sites for DUs include the fingertips and over 
the dorsal aspect of the fingers [2]. They can also occur on the 
lower limbs/toes [3]. Fingertip DUs are ischaemic and driven 
by the progressive vasculopathy observed in SSc. Whereas, 
dorsal aspect DUs are driven by the progressive thinning of 
the skin/contractures and recurrent trauma to these exposed 
surfaces. DUs can also develop from existing digital pitting 
scars and in relation to underlying calcinosis [2]. They can 
also occur on the lateral aspects of the digits and at the base 
of the nail (Fig. 10.1).
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 Microvascular and Microvascular Assessment

Both microvascular and macrovascular involvement are 
implicated in SSc-DUs. The progressive microangiopathy 
(e.g. enlarged capillaries with areas of avascularity) which 
characterises the SSc disease process is easily appreciated by 
nailfold capillaroscopy. Although videocapillaroscopy (mag-
nification ×200–600) is considered the ‘gold standard’, capil-
laroscopy can also be performed using a number of other 
lower-magnification techniques such as the dermatoscope 
[4] or USB-microscope. A number of authors [5–7] have 
reported that nailfold capillaroscopic abnormalities are 
highly predictive of the development of future DU (and in 
their absence are reassuring to the clinician). Thermography 
which measures surface temperature can differentiate 
between patients with primary and secondary Raynaud’s 

a

c d e f

b

Figure 10.1 SSc-DUs. Fingertip (a), extensor (b), overlying subcuta-
neous calcinosis as seen on a plain radiograph (c and d, respec-
tively), and on the lateral aspect (e) and the nailbed of the fingers 
(f). Reproduced with permission [10]
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phenomenon (RP) [8], however, at present its use is limited 
to a number of specialist centres. A key point is the need to 
distinguish between primary (‘idiopathic) and secondary RP 
(i.e. due to an underlying medical condition such as SSc) 
because patients with PRP do not develop ischaemic tissue 
damage such as DUs. Macrovascular involvement is a very 
important feature that must not be neglected including 
abnormalities of the digital and ulnar arteries. An increased 
risk of cardiovascular disease has also been reported in 
patients with SSc [9]. The peripheral pulses should be 
assessed in all patients with digital ischaemia. Arterial 
Doppler scanning should be performed early if there is any 
clinical suspicion of proximal (large) vessel disease and con-
firmed by large vessel imaging [10]. Large vessel disease 
should be identified early as this potentially could be ame-
nable to successful therapeutic intervention.

 Pain Evaluation and its Management

SSc-DUs can be exceptionally painful and disabling, and 
therefore the evaluation of pain is mandatory. A simple 
method to evaluate pain is to perform a visual analogue scale 
using a 10  cm long line in which the patient indicates their 
level of pain (the left being the lowest possible and the right 
representing the highest). Such an approach can be used to 
track DU progression/healing and to inform changes in pain 
management. Patients not uncommonly require strong (i.e. 
opioid-based) analgesia. Nocturnal pain can be very disabling 
and can significantly disturb sleep. A key approach is to con-
sider and identify DU infection early and to treat with appro-
priate anti-microbial therapy, as this may contribute to the 
patient’s pain generation. Severe pain and tenderness are a 
potential indication for surgical intervention which can sug-
gest the collection of pus and/or necrotic material [11]. This 
should be suspected where palpation of the DU is associated 
with significant pain [11].
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 Disability and Functionality Assessment 
and its Management

As previously described, DUs are associated with significant 
disability including all of the activities of daily living and 
occupation. In routine practice it is very important for the 
clinician to actively ask about function including the activities 
of daily living/occupation during their consultation. The 
impact of SSc-DU on personal relations including emotional 
health, sexual relationships and social participation should 
also be examined. There is no disease-specific patient reported 
outcome instrument to assess the severity and impact of SSc- 
DUs. In general, there is a reliance of legacy instruments to 
assess the patient experience of SSc-DUs [12]. Patients 
should be managed as part of a dedicated multidisciplinary 
team including (but not limited to) physicians, nurses and 
physiotherapists who understand the challenges of caring for 
patients with SSc [13]. The goal is to identify any associated 
disability and functional impairment early so that patients 
can receive prompt intervention. For example, specialist 
input from colleagues in physiotherapy and occupational 
therapy for issues relating to physical function and the activi-
ties of daily living.

 Complications and Their Management

Infections are a frequent complication of SSc-DUs, and are 
often caused by Staphylococcus aureus, Pseudomonas aerugi-
nosa or faecal pathogens. As previously discussed, infection 
can cause significant pain and is associated with the presence 
of the signs of inflammation [14].

Although rare, fistula can develop from infection, repre-
senting a communication between the DU and a deeper layer 
of the skin (in particularly in calcinosis induced DU) [15]. 
Fistulae can be suspected in the case of the appearance of a 
second satellite lesion, depression of wound edges or, when 
aboundant exudate is present [15].
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Infections can spread to the surrounding soft tissues, caus-
ing cellulitis, or to the bone, resulting in ostomyelitis. While 
elevated acute phase reactants and/or an increase in the neu-
throphil count may raise the suspicion of presence of infec-
tion, radiographs and MRI are considered the first line and 
confirmatory tests for osteomyelitis, respectively. Osteopenia 
and periosteal reactions on radiography guide the clinician to 
request a MRI scan, showing the presence of bone oedema if 
there is bone Infection [14].

Gangrene represents the most severe DU complication. 
This should be suspected when a line of demarcation appears, 
representing the inflammatory reaction dividing dead and 
living tissues [16]. Gangrene can present as a dry, dark 
coloured area, evolving into dehydration and rarely mummi-
fication, otherwise as wet, when bacterial infecion determine 
purulent liquefaction [16]. The latter is frequently associated 
with soft tissue oedema, maceration and a characteristic odor. 
In the case of gangrene, it is mandatory to evaluate macrovas-
cular blood flow, in order to exclude vascular stenosis/large 
vessel disease (.e.g. by performing Allen’s test and Doppler 
ultrasound) [16].

 Local Treatment: Wound Bed Preparation

The principles of local treatment of DUs are derived from 
the “Wound bed preparation” algorithm from diabetic ulcer 
care, which includes all the possible intereventions which 
favour lesion healing. All these concepts are included in the 
acronym “TIME” [17]: “T” for tissue management, which 
includes a deep agitation to remove dirt, necrotic tissue and 
remnants of previous dressings, and allows tissue evaluation 
[18]. This is  followed by evaluation of “I”, including both 
inflammation/infection, which should be suspected in the 
case of redness and swelling of surrounding skin and in case 
of exudate/purulent slough in the wound bed [18]. Once 
washed, DU should undergo debridement to remove all 
necrotic tissues which may prevent the lesion from promot-
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ing self-healing. Debridement requires adequate anesthesia 
to be perfomed physically with a scalpel [19, 20], otherwise 
this can be done chemically, using autolytic dressings, such as 
alginate for exudating wounds or hydrogels and hydrocol-
loids for dry or poorly exudating wounds. The general status 
of “M”, the moisture balance of the wound, is of pivotal 
importance: as both excessive dryness or exudation are not 
efficient in promoting wound healing, and an appropriate 
dressing choice should help in restoring a correct hydration 
status [21]. Finally, DU edges (“E”) evaluation is important, 
as it reflects the attempt and the evolution of healing, from 
periphery to centres and from bottom to top: hyper-prolifer-
ation or undermining of the edges should always be checked 
and locally treated [18].

 Systemic Treatment: Healing and Prevention

Systemic medical treatment (Fig.  10.2) is of pivotal impor-
tance and aims at both preventing and healing DUs [22]. 
Prevention includes education of the patient in cold expo-
sure and trauma avoidance and pharmacological treatment 
of Raynaud’s phenomenon, which commonly includes 
calcium- channel blockers. DU vasodilating and vasoactive 
treatments targets the three main pathways of SSc vascu-
lopathy: prostanoids, in particular intravenous Iloprost over 
3–5 days, which compensates for prostacyclin deficiency, and 
have proven efficacy in DU healing and preventing DU 
recurrency when administered chronically [23, 24]. Similarly, 
phosphodiesterase 5 inhibitors restore the lack of nitric 
oxide. The SEDUCE trial showed a trend for higher DU 
healing rate, in particular when used in combination with 
Bosentan [25]. Endothelin 1 receptor antagonists, i.e. 
Bosentan, have a  vasoactive effect, promoting vasodilation 
and vascular- remodelling. Both the RAPIDS-1 and 
RAPIDS-2 studies showed beneficial effect in DU preven-
tion, and this was more significant in those patients with 
more than 3 DUs [26, 27].
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In the case of non-resolving local infection when treated 
with topical anti-septic dressings or systemic infection, then 
systemic antibiotic treatment is of pivotal importance. This 
can include empirical treatment with broad-spectrum drugs, 
obtaining a swab sample with microbiologic isolation, and 
then targeted antibiotic therapy (Fig. 10.3). Hospitalisation 
for intravenous treatment is indicated for cases of septic/
osteomyelitis evolution [28]. 

In the case of medical treatment failure, then surgical 
options should be considered. Botulinum A toxin injection is a 
mini-invasive procedure, promoting local arterial vasodilation 
[29]. The same effect can also be obtained with a deep- surgical 
peripheral sympathectomy [11]. As a promising rescue treat-
ment, a single injection of autologous fat tissue derived stem 
cells has proven to be effective in DU healing [30].

Patient education including early 
recognition & diagnosis of SSc-DUs

Treat any contributory cause e.g. 
infection and large vessel disease

Assess wound bed and optimise 
analgesia in all patients

Significant hyperkeratosis/ eschar/ 
necrosis/ underlying calcinosis

Non-surgical/’scalpel’ or chemical 
debridement

Optomise oral vasodilators and 
consider IV vasodilatory therapy

Ineffective/recurrent ulceration

IV vasodilatory therapy and/or 
PDE5 inhibitor and/or ERA

Consider surgery e.g. 
sympathectomy and/or botulinum 

toxin injection

Ineffective

Figure 10.2 The management of SSc-DUs. Adapted from the UK 
Scleroderma Study Group Best Practice Recommendations on the 
management of DUs in patients with SSc [10]. ERA: Endothelin 
receptor antagonist. IV: Intravenous. PDE5: Phosphodiesterase type-5
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 Conclusion

DUs are common and represent a serious complication of 
SSc. Different types of DU exist based upon the underlying 
pathophysiology. Microvascular and macrovascular asses-
ment is needed. Both medical and surgical options are avali-
able to treat SSc-DUs. Careful attention must be paid to 
wound bed management and the treatment of complications 
(e.g. infection). Associated pain and disability/impairment of 
function must be identified and managed appropriately. 

Figure 10.3 Management of SSc-DU. A 55 years old female patient 
with limited SSc and overlap with anti-phospholipid syndrome pre-
sented with a painful ulcer on the second toe of the right foot. 
Despite common vasodilating and vasoactive treatments, combined 
with wound bed-preparation and local dressings, the ulcer remained 
very painful and did not tend to improve. When radiography was 
performed, an area of bone reabsorption was seen at the basis of the 
proximal phalanx of the second toe (blue arrow), and was later con-
firmed by MRI as compatible with ostomyelitis. Treatment with 
Ciprofloxacine and Trimetoprim-Sulphametoxazole was used in 
association with the above mentioned treatment, with final ulcer 
healing
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Through prompt assessment and the initiation of targeted 
treatment for DUs, clinicians can preserve patients hand 
function and prevent the development of devastating isch-
aemic tissue loss.
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 Background

Prevalence of lower limb ulcers in SSc has not been investi-
gated, but our unpublished data suggest that around 10% of 
patients develop leg ulcers. It seems that patients with long- 
lasting limited cutaneous form of SSc are at highest risk.

Their etiopathogenesis is often multifactorial. 
Microangiopathy is one of the disease hallmarks [1] and may 
be the primary cause of leg ulcers. Concomitant arterial and/
or venous macrovascular disease can overlap. Lymphedema 
may contribute to fluid stasis and facilitate ulcer formation. 
In addition, cutaneous traction over the bone prominences 
and repetitive trauma, calcinosis, hyperkeratosis, often related 
to articular deformities, loss of the fat pad and altered pos-
ture, may be involved [2].

Clinical case: You are called to evaluate a patient with SSc 
and lower limb ulcers referred to the Wound Clinic.
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70-years old female with limited cutaneous form of sys-
temic sclerosis diagnosed 30 years before was referred to the 
Wound Clinic for lower limb ulcers evaluation. She has a 
long-standing history of recurrent digital ulcers and hand 
calcinosis. Current medications: calcium channel blockers, 
proton pomp inhibitors, cholecalciferol. On clinical examina-
tion there are sclerodactyly and digital pitting scars on the 
fingertips. There are two leg cutaneous lesions: right pretibial 
ulcer and left perimalleolar medial ulcer. There is hard whit-
ish material in the bed of the pretibial lesion and perilesional 
skin is very inflamed. She has leg edema, more evident on the 
left, varicose veins on both legs and there is cutaneous dys-
chromia in the gaiter region of the left leg.

 1. Describe clinical assessment of these lesions?
 2. How would you classify the limb ulcers described above?
 3. How should these ulcers be managed?

 Clinical Assessment of the Lower Limb Lesions

Diagnostic work-up of leg ulcers should always include:

• Clinical history: Thorough clinical history including medi-
cations must be collected. History of hand DU, ulcers in 
other sites and calcinosis should be investigated.

• The elements suggestive of macrovascular arterial involve-
ment are intermittent claudication, pain that worsens fol-
lowing leg elevation, cardiovascular risk factors, previous 
cardiovascular events

• The elements suggestive of venous disease are previous 
venous thrombo-embolism, varicose veins or their treat-
ment, multiple pregnancies, obesity, occupation that 
require prolonged standing or sitting. The ulcer-related 
pain is usually relieved by elevation of the leg and is more 
intense in the evening.

• Clinical examination: In addition to general examination, 
assessment of peripheral pulses and auscultation of the 
bruits, evaluation of venous insufficiency, search of calci-
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nosis, hyperkeratosis and foot deformities should be per-
formed. Asymmetrical/abolished pulses and arterial bruits 
are suggestive of macrovascular arterial peripheral dis-
eases. Oedema, varicosities, skin hyperpigmentation and/
or discoloration, inverted “champagne bottle” aspect of 
the leg, atrophie blanche and lipodermatosclerosis are 
indicative of venous pathology.

• Ulcer assessment: The following characteristics should be 
registered: localization, dimensions, borders, features of 
the bed of the lesion and of the perilesional skin, depth of 
the ulcer. Ulcer related pain should be registered, using 
VAS scale. Signs of infection ought to be searched.

• Examinations: All patients with lower limb ulcers should 
perform arterial and venous colour Doppler ultrasound 
(US) examination and ABI (ankle-brachial index) assess-
ment. Patients with hemodynamically significant periph-
eral arterial disease on arterial colour Doppler US, with 
distribution consistent with the ulcer site, should undergo 
digital subtraction angiography (arteriography), if endo-
vascular intervention is feasible and planned. Not-invasive 
CT/MR angiography should be performed if conventional 
angiography is contraindicated or in selected cases in 
order to assess localization and severity of arterial lesions 
and guide interventional strategies. The advantages of MR 
over CT angiography are no exposure to radiation and 
iodine contrast and higher soft tissue resolution [3]. 
However, it has higher motion artefacts and underesti-
mates arterial calcifications [3]. Clinical utility of comple-
mentary exams, such as toe systolic blood pressure, 
toe-brachial index and transcutaneous oxygen pressure 
measurement, that may be useful in patients with medial 
calcinosis and incompressible arteries in other clinical set-
ting [3, 4] has not been investigated in SSc.

• In patients with arterial macrovasular disease, the involve-
ment of upper limb arteries ought to be assess. Carotid and 
coronary vessel disease should be also investigated espe-
cially in patients with traditional cardio-vascular risk 
factors.
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• Supplementary investigations of the venous circulation, 
such as intravenous ultrasound and venography may be 
indicated in the selected cases. Angiologist/vascular sur-
geon must be actively involved in the decision making 
about the invasive procedures.

• Podiatric evaluation should be performed in patients with 
altered posture and foot deformities.

• If infection is suspected wound swab has to performed and 
if there is a suspicion of osteomyelitis, bone X-ray and 
subsequently MRI and CT ought to be done.

• If clinically indicated, additional examination (as 
Echocardiogram, Holter electrocardiogram, etc) should be 
performed for differential diagnosis with distal emboliza-
tion, hematological disorders and overlap syndromes. 
Concurrent diabetes mellitus should be ruled out.

• All patients with lower limb ulcer ought to have the reas-
sessment of disease activity and of internal organ 
involvement.

 How Would you Classify the Limb Ulcers 
Described Above?

In SSc, the lower limb ulcers can be classified according to 
their origin and clinical features into:

 1. Ulcers associated with hyperkeratosis (Fig.  11.1): 
Hyperkeratosis is represented by hypertrophy of the stra-
tum corneum (eg callus and corn), located mainly in areas 
submitted to increased friction or pressure and fostered by 
foot deformities, loss of the fat pad, altered posture and 
microtrauma [2]. Hyperkeratosis promote an ulcer forma-
tion by pressing underneath tissues and causing their mac-
eration, haematoma and autolysis, as occur in diabetic foot 
[5]. Ulcers associated with hyperkeratosis are usually hid-
den below the hyperkeratotic tissue and may be suspected 
when there is inflammation and oedema of perilesional 
skin. The final diagnosis can be made only after debride-
ment, which is also mandatory for ulcer heling [2].
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 2. Ulcers secondary to calcinosis (Fig. 11.2): These ulcers are 
directly caused by a mechanical action of calcinosis erupt-
ing through the skin. They are localised most frequently on 
pretibial area, have irregular borders and inflamed perile-
sional skin and calcinotic material erupting through the 
skin is often visible [2].

 3. Pure ulcers: They can be defined as loss of epidermal cov-
ering with a break in the basement membrane not occur-
ring in association with hyperkeratosis or with calcinosis. 
These lesions may be additionally classified into arterial, 
venous, mixed arterial-venous and pure microvascular 
ulcers, according to their origin.

 (a) Venous ulcers (Fig. 11.3): Venous insufficiency seems 
to be the most frequent cause of lower limb ulcers in 
SSc. It has been estimated that 35–50% of ulcers have 
venous aetiology [2, 6]. Risk factors for venous dis-
ease have not been investigated is SSc, but traditional 
risk factors as previous thrombo-embolic events, vari-

Figure 11.1 Ulcer associated with hyperkeratosis (reprinted with 
permission from Springer Nature)
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cosities, pregnancies and obesity are probably 
involved. Venous ulcers are usually localized around 
the gaiter region, in SSc patients most frequently in 
the perimalleolar medial area [2]. They are typically 
shallow, have irregular shape, bed of the lesions is 
often covered by granulation tissue [4, 7, 8] and sur-
rounding skin presents signs of venous insufficiency as 
described above [7, 8, 9].

 (b) Arterial ulcers (Fig. 11.4): In the lower limbs, arterial 
disease may be the result of SSc-related macrovascular 
involvement and/or accelerated atherosclerosis [10–

Figure 11.2 Ulcers secondary to calcinosis (reprinted with permis-
sion from Springer Nature)
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14]. Severe arterial involvement leading to lower limb 
ulcers has been described in 10–15% of SSc patients [2, 
6]. Importantly, not all patients with significant arterial 
macrovascular involvement present leg ulcers. It seems 
that arterial involvement is more frequent in long 

Figure 11.3 Venous ulcer (reprinted with permission from Springer 
Nature)

Chapter 11. Lower Limb Ulcers



130

standing limited cutaneous form of disease (10, per-
sonal observation), but risk factors/predictors for mac-
rovascular arterial involvement in SSc has still to be 
determined.

Arterial ulcers have distinct borders, punched out 
appearance and cold surrounding skin [4, 7–9]. In SSc 
patients, they are localized more frequently on toes 
and heels and are the more painful than other types of 
leg ulcers [2].

 (c) Mixed arterial-venous ulcers: Arterial macrovascular 
involvement and venous disease may overlap and con-
tribute to the ulcer formation, as described in other 
clinical settings [4]. They have characteristics of both 
arterial and venous lesions, most frequently features of 
a venous ulcer in combination with signs of arterial 
impairment, such as absent or abolished pulses [7, 8].

 (d) Pure microvascular ulcers (Fig. 11.5): These ischemic 
lesions are a consequence of SSc-related microangi-

Figure 11.4 Arterial ulcer (reprinted with permission from Springer 
Nature)
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opathy as digital ulcers in the upper limbs, although 
factors as tight skin and traction over the bony promi-
nences (e.g malleolus) may contribute to the ulcer for-
mation. Our personal observations suggest that 
longstanding limited cutaneous form of SSc, history of 

a

b

Figure 11.5 Pure microvascular ulcers (a) digital ulcer. (b) medial 
malleolus ulcer (reprinted with permission from Springer Nature)
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digital ulcers and ulcers in other locations may repre-
sent risk factors for these lesions. Pure microvascular 
ulcers have morphological characteristics of arterial 
ulcers in the absence of signs of macrovascular impair-
ment (such as absent or diminished peripheral pulses) 
and are most frequently found on toes and on perimal-
leolar lateral area [2].

 How Should These Ulcers Be Managed?

The general management of the lower limb ulcers is based on 
few fundamental steps:

 1. Removing/avoiding factors that may contribute to the ulcer 
formation: adequate footwear, insoles and foot orthotics 
when indicated, avoiding trauma, smoking cessation, treat-
ment of cardiovascular risk factors, elastic compression for 
venous insufficiency and lymphedema, lymph drainage for 
lymphedema

 2. Supportive measures: prompt analgesia, maintenance of 
adequate nutritional status

 3. Local treatment based on wound care principles. To ensure 
ulcer healing, lesions must be vascularized, free of necrotic 
and nonviable tissue, without infection, and kept moist. 
One of the pivotal steps of the local treatment is debride-
ment which consists in removal of necrotic, nonviable and 
infected tissue and is fundamental for the healing. Sharp 
debridement is the main treatment for ulcers associated 
with hyperkeratosis and ulcers secondary to calcinosis. 
Simple hyperkeratosis should be promptly debrided in 
order to prevent ulcer formation.

 4. Pharmacological treatment: optimization of vasodilating/
vasoactive treatment, consideration/increase of immuno-
suppression/immunomodulation, treatment of cardiovas-
cular risk factors. Statins and anti-platelet medications may 
be useful, especially in patients with macrovascular arterial 
disease

 5. Additional treatments: topical vitamin E, hyperbaric oxy-
gen for severe and persistent ulcers [15].
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Patients with critical arterial macrovascular disease with 
distribution consistent with the ulcer site and lesions suitable 
for endovascular treatment should be referred for digital sub-
traction angiography and endovascular procedures. The role of 
surgical revascularisation for SSc-related leg ulcers have not 
been established, but limited data suggest that its long-term 
outcome is significantly worse than those in non- scleroderma 
patients [16, 17]. For arterial ulcers intravenous prostanoids, 
statins and anti-platelet agents should be prescribed. 
Cardiovascular risk factors should be treated aggressively.

Treatment pure microvascular ulcers is based on optimiz-
ing vasodilating/vasoactive treatment and increasing of 
immunosuppression/immunomodulation, taking into account 
other disease manifestations. Anti-platelet agents and statins 
should be considered.

Treatment of venous ulcers is based on elastic compression 
(at least 18–24-mmHg pressure) [9]. Medications that that 
may aggravate peripheral oedema, as calcium channel block-
ers, should be avoided if possible. Role of endovascular 
venous ablation and/or radiofrequency ablation or laser 
therapy have not been established in SSc but might be dis-
cussed in selected cases.

Mixed arterial-venous ulcers should be managed closely 
with angiologist/vascular surgeon. Venous insufficiency 
should be treated with compression therapy and in selected 
cases superficial venous ablation may be considered. 
Indication for arterial revascularization in mixed ulcers is 
based on clinical presentation and ABI (generally <0, 7) [4].

Regarding compressive therapy for venous and mixed arte-
rial-venous ulcers, there is a potential concern that the excessive 
compression might worsen arterial insufficiency; therefore, 
reduced compression is usually advised. However, it has been 
reported that even anelastic compression up to 40 mmHg does 
not obstruct arterial perfusion in patients with mixed arterial-
venous ulcers with ABI >0, 5 and ankle pressure >60 mmHg [18].

Wound swab should be performed, and antibiotic treat-
ment should be started if clinical signs of infection are pres-
ent (purulent exudate, inflammation of perilesional skin).

Diagnostic and treatment algorithm is shown in Fig. 11.6.
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 Comments to the Questions Regarding Clinical Case

Left ulcer is likely of venous origin. Varicose veins, peripheral 
oedema and dyschromia in the gaiter region of the left leg are 
indicative of venous insufficiency. However, significant mac-
rovascular arterial involvement should be always ruled out. 
The treatment is based on wound care and elastic compres-
sion. Topical vitamin E may be helpful. Substitution of cal-
cium channel blockers with other vasoactive/vasodilating that 
cause les peripheral oedema should be considered.

Right ulcer is probably secondary to calcinosis (hard whit-
ish material in the bed of the lesion is suggestive for stone 
calcinosis). The treatment is based on calcinosis removal and 
wound care. For calcinosis a number of different treatments, 
such as vasoactive/vasodilating drugs, bisphosphonates, col-
chicine, minocycline, warfarin, intravenous immunoglobulins 
and Rituximab have been proposed, with unsatisfactory 
results [19].

Take home points. Lower limb ulcers are often multifacto-
rial in SSc and more than one type of ulcer may occur in the 
same patient. Macrovascular arterial and/or venous involve-
ment must be always investigated. Local factors that may 
predispose to the ulcer formation should be removed. Topical 
wound management and optimising pharmacological therapy 
are mandatory for ulcer healing. Elastic compression is the 
main therapy for venous ulcers. Endovascular treatment 
should be considered for arterial macrovascular ulcers.
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Spirometry is a non-invasive, semi-objective physiological 
test that assesses basic lung function by evaluating measures 
of lung volume, expiratory time, and airflow rates. Despite 
being an easily administered and reproducible test, clinicians 
should be aware that spirometry does not provide an 
 etiological diagnosis. Rather, spirometry may best be used to 
detect the presence of lung disease and monitor the effect of 
therapy or environmental/occupational exposures on lung 
function. The objective of this chapter is to guide rheumatol-
ogists in the basic knowledge of spirometry testing and its 
interpretation in the clinical setting according to the latest 
respiratory society guidelines.
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Although beyond the scope of this article, clinicians should 
be aware of some important aspects of pulmonary function 
testing. Machine calibration is necessary for reproducible, 
interpretable results and must be performed daily prior to 
testing [1]. Accurate recordings of patient height, weight, sex, 
ethnicity, and age are crucial since they are necessary to cal-
culate predicted values. Co-morbid conditions, such as scolio-
sis, recent thoracic surgery or trauma with associated pain, 
and pneumothorax among others may also impact interpreta-
tion of studies and must be considered. Finally, patient under-
standing of instructions is important in order to obtain 
accurate and interpretable results per International 
Guidelines [2].

Spirometry is physically and technically demanding [3], 
requiring the patient to inhale fully and to exhale as forcibly 
as possible, continuing the expiratory maneuver until reach-
ing at least one of three end-of-test criteria: 1) Smooth curvi-
linear rise of volume-time tracing followed by a plateau of at 
least 1  second duration; 2) If there is not a plateau, then a 
forced expiratory time of at least 6 s must be reached; and/or 
3) Patients unable to continue forced expiration.

Figure 12.1 is an example of testing sessions showing the 
flow-volume and volume-time curves with the American 
Thoracic Society (ATS) / European Respiratory Society 
(ERS) Criteria for acceptable spirometry [4]:

The term “spirometry” refers to the mechanics of air 
movement and includes (among other values):

ATS/ERS
Quality Criteria 

An explosive start with
a back extrapolation of
150 ml 
Performed with a
maximal inspiration
and expiration
No glottis closures 
No coughs 
Exhaling for ≥ 6 
seconds 
Less than 50 ml
exhaled in the last
2 seconds 
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Figure 12.1 Flow-volume and volume-time spirometric curves with 
ATS/ERS Quality Criteria
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• FVC: Forced Vital Capacity. The maximal total volume of 
air exhaled with a forced effort from a maximal 
inspiration.

• FEV1: Forced Expiratory Volume in 1 second. FEV1 is the 
volume of air exhaled in the very first second of a forced 
expiration from a full inspiration position.

• FEV1/FVC Ratio: This ratio, also called the Tiffeneau- 
Pinelli index, represents the proportion of vital capacity 
that is exhaled in the first second of a forced expiration. A 
value less than 0.70 is diagnostic of an obstructive ventila-
tory defect. A value >0.8 may indicate a restrictive ventila-
tory defect, which must be confirmed with a total lung 
capacity (TLC) measurement (see below).

In the presence of a possible restrictive ventilatory defect, 
lung volume determination provides useful information in 
order to confirm the clinical suspicion of restrictive disease. 
This can be accomplished using helium gas dilution, nitrogen 
wash-out, or whole-body plethysmography. By using these 
techniques, the physician can obtain measures of the follow-
ing lung volumes and may confirm or disprove the suspected 
restrictive pattern:

• RV: Residual Volume. The volume of air in the lungs after 
a maximal exhalation.

• TLC: Total Lung Capacity. This value represents the total 
volume in the lungs at maximal inspiration. By definition, 
restrictive lung diseases must have a TLC lower than the 
lower limit of normal predicted values.

• RV/TLC Ratio: This ratio, if more than 35%, may suggest 
air trapping with obstructive lung disease and 
hyperinflation.

While pulmonary volumes or flow rates may be assessed 
using the described methods, a different technique is neces-
sary to measure the lung’s ability to transfer gases across the 
alveolar basement membrane, called the diffusing capacity 
of the lung for carbon monoxide (DLCO) [5]. DLCO is a use-
ful early marker for interstitial lung diseases (including 
those associated with systemic sclerosis and other connec-

12 Interpretation of PFTs and Decline in PFTs
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tive tissue disorders), chronic pulmonary vascular disease 
(i.e. thromboembolic disease and pulmonary arterial hyper-
tension), or diseases associated with chronic hypoxia. DLCO 
is tested by having patients inhale a known quantity of car-
bon monoxide (CO), hold their breath for 10  s and then 
forcefully and completely exhaling. The difference between 
inhaled and exhaled CO concentrations allows for the DLCO 
calculation.

Interpretation of pulmonary function studies requires 
comparison against predicted values for populations of indi-
viduals with similar ethnicity, age, gender, height, and weight 
(see Fig. 12.2 for a quick guide to PFT interpretation). Based 
on a normal standard deviation of about 10%, the normal 
range of spirometric values which encompass about 95% of 
the population is set between the LLN of 80% predicted and 
an Upper Limit of Normal (ULN) of 120% predicted. 
Clinicians should be aware that ratios have different normal 
ranges:

• FEV1/FVC: Normal if ≥70% or 0.70. Obstructive pattern is 
diagnosed when the ratio is ≤70% or 0.70

FEV1/FVC
ratio ≤ 0,7?

FVC ≤ 80%?

TLC ≤ 80%? TLC ≤ 80%?

DLCO ≤ 80%?

FVC ≤ 80%?

yes

yes

yes yes

yes

yes

Obstructive
pattern

Pure
obstructive Normal

Diffusion
impairment

Restrictive
or Normal

Restrictive
pattern

Mixed
pattern

no

nono

no no

no

Figure 12.2 Fast Interpretation of Pulmonary Function Test (PFT)
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• RV/TLC: Hyperinflation when ≥35% or normal value if 
≤35%

Good quality spirometry can lead the clinician to identify 
underlying respiratory abnormalities; it is worthwhile to sum-
marize them showing flow-volume curve features, diagnostic 
criteria and disease grading [6]:

• Obstructive pattern (Fig. 12.3)

When obstruction is identified, reversibility testing with an 
inhaled bronchodilator may be performed to determine 
degree of airflow reversibility. International guidelines state 
there should be at least a 12% increase from baseline and 
200 mL improvement in FEV1 in order to diagnose revers-
ibility, a hallmark of asthma.

• Restrictive Pattern (Fig. 12.4)
• Combined obstructive and restrictive pattern (Fig. 12.5)
• Diffusion Impairment (Fig. 12.6)
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Flow-Volume curve 
In obstructive disease (Figure 3), there is a flattening
of the expiratory flow curve associated with a reduced
peak expiratory flow rate compared to predicted
values (red spots). This is uncommonly seen in
patients with systemic sclerosis. 

Diagnosis 
The diagnosis of obstructive pattern requires the 
FEV1/FVC ratio ≤ 0.7 

Grading 
The Global Initiative for Obstructive Lung Disease
(GOLD) categorizes airflow limitation into stages
using the FEV1 % of predicted: 

Mild: FEV1 ≥ 80%  
Moderate: 50% ≤ FEV1 ≤ 79% 
Severe: 30% ≤ FEV1 ≤ 49% 
Very severe: FEV1 ≤ 29% 

Figure 12.3 Obstructive pattern. Deidentified flow-volume curve 
provided by Eric S. White, MD, MS.
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Flow-Volume curve 
In restrictive disease (Figure 4), there is a
reduced lung volume as compared to predicted
values, resulting in a narrower flow-volume loop.
The high peak expiratory flow rate may exceed
the predicted values. 

Diagnosis 
The diagnosis of restrictive pattern requires the
TLC ≤ 80% predicted

Grading 
The ATS Criteria for severity categorize lung
restrictive pattern into stages using the TLC
(or FVC as a surrogate)% of predicted:

Severe: 50% ≤ TLC ≤ 59%
Very severe: FEV1≤ 49%

Normal: TLC ≥ 80%
Mild: 70% ≤ TLC ≤79%
Moderate: 60%≤ TLC ≤ 69%

Figure 12.4 Restrictive pattern. Deidentified flow-volume curve 
provided by Eric S. White, MD, MS
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In a combined obstructive and restrictive defect
(Figure 5), the expiratory curve of the flow-volume
loop may have the characteristic “scooped out”
appearance as well as a narrower loop than
predicted. The inspiratory limb is variably affected.

Diagnosis 
Depending on severity of each component,
FEV1/FVC ratio and TLC may be outside the
expected ranges.

Figure 12.5 Mixed pattern. Deidentified flow-volume curve pro-
vided by Eric S. White, MD, MS
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Grading 
Diffusion impairment severity (Figure 6) is
defined by using the DLCO % of predicted
(corrected for hemoglobin, when available):

Severe: FEV1≤39%

Normal: DLCO≥80%

Mild: 60%≤ DLCO ≤79%
Moderate: 40%≤ DLCO ≤59%

Figure 12.6 Measurement of DLCO

E. S. White et al.
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 Patient Examples

Patient AB is a 40-year-old female who presented to the 
Michigan Medicine Scleroderma Clinic with 18-month his-
tory of Raynaud’s phenomenon, progressive skin thickening, 
and progressive dyspnea on exertion. Examination showed 
diffuse cutaneous systemic sclerosis, presence of bilateral 
crackles at lung bases, presence of small and large joint 
 contractures, and Raynaud’s phenomenon. PFTs showed no 
evidence of obstructive disease, low FVC and a proportionate 
decline in DLCO% predicted (Fig.  12.7). HRCT showed a 
non-specific interstitial pneumonitis (NSIP) pattern (the 
most commonly observed HRCT pattern in scleroderma 
patients). The PFT pattern is diagnostic of a restrictive lung 
disease associated with SSc-ILD because TLC  <  80% 
 predicted and there is proportionate decline in the DLCO%. 
FVC% can be incorporated as a physiological measure to 
assess for stabilization vs. worsening of underlying ILD [7]. A 
decline in FVC of >10% or a decline in FVC of 5–9% and in 
DLCO >15% is considered to be clinically meaningful, 
although a smaller change with worsening symptoms or 
changes in the HRCT may represent worsening of ILD [8].

Patient CD is a 61-year-old female who presented with 
24  months’ history of Raynaud’s phenomenon, progressive 
skin thickening, and progressive dyspnea on exertion. 
Examination showed diffuse cutaneous systemic sclerosis, 
digital pitting scars, and small joint contractures of fingers. 
Complete PFT showed no evidence of obstructive disease, 
normal FVC and TLC and a disproportionate decline in 
DLCO% predicted (FVC%/ DLCO% ratio of 2.7) (Fig. 12.8). 
HRCT showed mild NSIP pattern. Her transthoracic 
 echocardiogram showed tricuspid regurgitation of 2.8 m/sec 
and increased right ventricular load. The right heart catheter-
ization showed mean pulmonary artery pressure of 36 mmHg, 
a pulmonary wedge pressure of 12 mmHg and a normal car-
diac output, consistent with pulmonary arterial hypertension. 
A disproportionate decline in DLCO or an FVC%/ DLCO% 
ratio > 1.8 is suggestive of pulmonary hypertension [9].

12 Interpretation of PFTs and Decline in PFTs
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SPIROMETRY: Actual Pred %Pred

LUNG VOLUMES: Actual Pred %Pred

DIFFUSION: Actual Pred %Pred
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Figure 12.7 Patient AB, complete pulmonary function study
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SPIROMETRY: Actual Pred %Pred

LUNG VOLUMES: Actual Pred %Pred

DIFFUSION: Actual Pred %Pred
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Figure 12.8 Patient CD, complete pulmonary function
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Take Home Messages

 1. Standardization of PFTs and accurate recordings of patient 
height, weight, sex, ethnicity, and age are crucial for correct 
interpretation of pulmonary physiology.

 2. A low FVC% or TLC% is not diagnostic for ILD in 
patients with systemic sclerosis—HRCT is required to 
show the parenchymal changes consistent with an ILD.

 3. Ratio of FEV1%/FVC% of ≤ 0.70 is suggestive of obstruc-
tive lung disease, or that obstructive lung disease is more 
severe than a concomitant restrictive lung defect.

 4. In a scleroderma patient with established ILD, declining 
FVC% along with a proportionate decline in DLCO% is 
suggestive of progressive ILD.

 5. In a scleroderma patient with established ILD, declining 
FVC% along with a disproportionate decline in DLCO% 
may suggest pulmonary vascular disease, if DLCO% has 
been performed properly and there is no significant 
decline in the red blood cells. Suggestive of progressive 
ILD.
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 Definitions

Arrhythmias are categorized according to rate, origin, 
regularity.

Bradycardia is defined as a resting heart rate of fewer than 
60 beats per minute. Injury or scarring near the sinus node 
may slow down or block the electrical impulses. A block can 
happen anywhere along the heart’s electrical pathways.

Tachycardia is defined as a resting heart rate of more than 
100 beats per minute. Supraventricular tachycardia (SVT) 
origins above the ventricle, it can be chronic or transient. 
Atrial fibrillation is the most frequent SVT. Ventricular 
tachycardia (VT) is a life-threatening arrhythmia, is increased 
by the existence of heart failure and/or myocardial ischemia 
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(microvascular or as a consequence of coronary artery steno-
sis/occlusion). Ventricular fibrillation (VF) is the most severe 
arrhythmia and corresponds to cardiac arrest.

 Clinical Cases

1/ A 67-year old SSc woman was referred to our institution 
for palpitations and being breathless. She suffered from the 
diffuse cutaneous subset of the disease from >15 years. Organ 
involvements include severe esophageal and gastrointestinal 
dysmotility, mild lung fibrosis (<20%) and past atrial fibrilla-
tion (AF). Latest cardiac examination performed 1 year ago 
showed normal ventricle surface and volumes, normal LVEF 
of 55%, normal pulmonary arterial pressure and no pericar-
dial effusion.

She has been treated with clopidogrel (mistakenly ordered 
for AF) verapamil and flecainide. On examination, heart rate 
was 70/min, blood pressure was 150/70 mmHg, heart sounds 
were irregular with premature beats, and she presented with 
signs of mild left and right heart failure. ECG showed normal 
sinus rhythm with ventricular premature beats.

Blood tests were unremarquable excepted NT-proBNP 
that averaged 1200  ng/L and high-sensitivity troponin that 
was 45 ng/L (N < 14 ng/L) at presentation and 3 h later. On 
echocardiography, LV volume and LVEF were unchanged, 
there was evidence of diastolic dysfunction with mild ele-
vated LV filling pressure, elevated systolic pulmonary arterial 
pressure (sPAP) of 45  mmHg. A 24-h holter ECG was 
ordered and showed frequent ventricular beats, but without 
ventricular tachycardia.

Second-line test included a coronary angiogram that 
showed normal coronary arteries, and cardiac MRI that 
showed no myocardial fibrosis; echo was re-performed after 
successful treatment of heart failure with diuretic and systolic 
sPAP was 25 mmHg.

Flecaidine, verapamil and clopidogrel were withdrawn, a 
treatment with oral anticoagulation, metoprolol, amlodipine 
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and low-dosage loop diuretic was introduced. Follow-up 
remained uneventful, a 24  h holter ECG showed only rare 
and isolated ventricular premature beats, exercise testing 
showed no arrhythmias.

2/ A 50 year old woman was referred for systematic cardiac 
screening. She suffered from Raynaud phenomenon and 
arthralgia for >5 year, more recently from dyspepsia. A diag-
nosis of systemic sclerosis, of the diffuse cutaneous subset, 
was affirmed 3 years ago with positivity of anti- topoisomerase 
antibodies. She was still treated with low-dose prednisone 
and methotrexate, and her routine follow-up included visits 
in a department of rheumatology every 6 months.

She was referred to our institution for a complete re- 
assessment of the disease. She complained of no cardiac 
symptoms but has very limited physical activity. On examina-
tion, heart rate was 95/min, blood pressure was 120/60 mmHg 
and cardiac examination revealed a pericardial friction rub; 
there was no sign of heart failure. First-line tests included 
routine blood test, C-reactive protein, NT-proBNP and high- 
sensitivity Troponin measurements, resting ECG, echocar-
diography and 24 h holter monitoring.

The results were as follow: C-reactive protein of 15 mg/L, 
NTproBNP of 325  ng/L (N  <  125  ng/L), normal troponin 
concentration, ECG showed incomplete left bundle branch 
block (Fig.  13.1), 24  h holter monitoring showed frequent 

Figure 13.1 Electrocardiogram with left bundle branch block
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ventricular and atrial premature beats and the presence of 3 
episodes on non-sustained ventricular tachycardia and echo-
cardiography showed normal left and right ventricle dimen-
sions, LVEF of 50%, normal LV filling pressure, no valvular 
stenosis/regurgitation, normal systolic PAP of 25  mmHg, 
normal RV contractility (Tricuspid AnteroPosterior 
Excursion), minimal pericardial effusion.

Second line tests included cardiac MRI that showed peri-
cardial thickening and minimal pericardial effusion, LVEF 
was 45%, and there was linear late gadolinium enhancement 
(LGE) that was inconsistent with coronary artery distribu-
tion (Fig. 13.2).

A coronary angiography was nevertheless performed and 
showed normal coronary arteries. She was treated with ACE 
inhibitor and metoprolol, in addition to the switch from 
methotrexate to mycophenolate mofetil as 
 immunosuppressant. At 6 months she remained asymptom-
atic, ECG was unchanged, NTproBNP concentration was 
250 ng/L, echocardiography showed the persistence of mild 
pericardial effusion, LVEF of 55%, normal LV filling pres-
sure, normal RV function, normal pulmonary arterial pres-

Figure 13.2 Late gadolinium enhancement on cardiac MRI
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sure; 24  h holter monitoring showed the persistence of 
isolated and are (<5%) ventricular premature beats. Catheter-
ablation of VT and internal cardioverter implantation were 
initially discussed and there was a consensus that they were 
not indicated. Tight follow-up with 24 h Holter every 6 months 
was planned.

 Discussion

Although cardiac involvement is often clinically occult, myo-
cardial involvement is common in SSc [1]. When sensitive 
tools are used it has been estimated to occur in up to 100% 
of SSc patients. Once cardiac involvement is clinically evi-
dent, it is recognized as a poor prognostic factor [2, 3].

Studies looking at resting ECG show abnormal features in 
30–50% of the patients but when 24-hour Holter ECG moni-
toring is performed, it shows disturbances even more com-
monly [4]. However, there might be a patient selection bias in 
such studies and findings are very heterogeneous and some-
times non-specific (high sensitivity and low specificity of 
Holter-ECG). Commonly, the prevalence and severity of 
ventricular arrhythmias did not correlate with clinical vari-
ants or with other symptoms and signs of the disease. It is 
generally acknowledged that the presence of abnormal ven-
tricular arrhythmias or even frequent ventricular ectopic 
beats identify patients at high risk of life-threatening arrhyth-
mic complications, particularly when multiform and/or repet-
itive ventricular premature beats are observed. These 
abnormalities have even a poorer prognostic value when 
associated with altered myocardial function as showed by 
echocardiography. Despite the very frequent occurrence of 
ventricular arrhythmias, sudden cardiac death is not very 
common in SSc. The worst prognosis due to severe cardiac 
arrhythmias is significantly more frequent in patients with 
concomitant skeletal and cardiac muscle involvement [4].

With regards to conduction abnormalities, although being 
frequent in SSc patients with myocardial disease, specific 
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conduction system disease is almost never the cause of death 
in SSc patients. In fact, the conduction system appeared to be 
relatively spared from the myocardial changes of SSc, and the 
high incidence of conduction disturbances may be a conse-
quence, rather than a specific damage to the proximal portion 
of the specialized conduction tissue. The most common 
alterations are left bundle branch block, followed by first- 
degree atrioventricular block, whilst second- and third- 
degree atrioventricular block are very infrequent [5, 6].

Cardiac involvement is the result of microvascular lesions, 
collagen deposit, complex immune system dysregulation and 
autonomic dysfunction. A variable combination of the above 
mechanisms promotes ischemic, fibrotic and inflammatory 
lesions involving all the cardiac structures, included the elec-
trical system. Histologic examinations reveal the presence of 
patchy myocardial fibrosis that can involve the conduction 
system in SSc [7]. However, the demonstration of fibrosis as 
being the only responsible for the pathophysiology of these 
conduction defects is not so far achieved.

 Diagnostic Work-Up

Standard 12-lead ECG should be performed routinely to all 
SSc patients such as Doppler echocardiography, even if the 
patient is asymptomatic. Moreover, if the patient complains 
of palpitations, syncope or dizziness the next steps must 
include 24-hour Holter monitoring and also exercise testing 
and upright tilt-table testing. Although not endorsed by any 
guideline, some teams recommend that 24-hour Holter moni-
toring should be considered on a yearly basis even if the 
patient remains asymptomatic.

The patient should be investigated about the presence of 
systemic illness that may promote arrhythmias such as 
chronic obstructive pulmonary disease, thyrotoxicosis, peri-
carditis, or congestive heart failure. Invasive electrophysio-
logic studies are required in patients who have atrioventricular 
block, intraventricular conduction disturbance, sinus node 
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dysfunction, tachycardia, and unexplained syncope or palpi-
tations [8].

When significant changes are detected with regards to 
conduction and rhythm systems, careful investigations for 
heart disease must be performed (see above cases). Firstly, 
classic cardiovascular risk factors should be analyzed together 
with signs or symptoms of ischemic heart disease. If sclero-
derma related heart disease is suspected, echocardiography 
should be performed implemented, when possible, by pulsed 
Doppler Imaging and/or strain rate imaging. In addition, car-
diac MRI may be discussed case by case to evaluate tissue 
damages particularly in case of any signs of myositis in order 
to rule out myocarditis which demands specific management 
[8].

 Treatment

First of all, some drugs may induce conduction abnormalities 
and arrhythmias: corticosteroids at high intravenous dose are 
associated with tachyarrhythmias, methotrexate may excep-
tionally induce right bundle branch block and ventricular 
arrhythmias, hydroxychloroquine is safer than chloroquine in 
terms of heart conduction disorders.

Personalized medicine should be applied in the context of 
SSc heart disease and the choice of treatment must be 
adapted to the individual patient. As no randomized con-
trolled trials have been conducted to assess the proper man-
agement in SSc, the therapy should be similar to that of 
patients without SSc, but physicians should consider:

 1. Raynaud’s phenomenon, with adverse effects of β-blockers 
whereas calcium channel blockers offer beneficial effects 
as well as their possible preventive effect on left ventricu-
lar ejection fraction deterioration. Thus, verapamil-like cal-
cium channel blockers might be recommended in the 
treatment of atrial or intra-nodal tachycardia, although 
their efficacy is somewhat limited. In case β-blockers are 
truly advocated, metoprolol has proven not to worsen RP 

Chapter 13. Arrhythmias



158

if associated with CCB. Also not studied, nebivolol might 
be safe thanks to its NO liberation.

 2. the prevalence of myocardial ischaemia and, as a conse-
quence, the possible detrimental effect of class I anti- 
arrhythmic drugs (see case report 1); They are 
contra-indicated in patients with reduced EF.

 3. In patients with heart failure with reduced ejection frac-
tion, non-dihydropyridines CCB are detrimental. 
Dihydropyridines CCB are neutral. Patients’ treatment 
should be based on the guidelines on the management of 
heart failure primarily with ACE inhibitors (or sacubitril/
valsartan), β-blockers, MRA and possibly loop diuretics to 
avoid congestion (see case report 2).

 4. Amiodarone is the most effective antiarrhythmic drug. 
Side effects include immuno-allergic pneumonia than can 
be a concern in SSc; there is no evidence that pre-existing 
pulmonary fibrosis increases the risk of immuno-allergic 
pneumonia but it will worsen its consequences.

 5. Implantable cardioverter defibrillator (ICD), which moni-
tors the cardiac rhythm and can deliver competing pacing 
stimuli and low- and high-energy shocks, has been used 
effectively in selected patients to prevent malignant ven-
tricular arrhythmias. Thus, they are indicated in secondary 
prevention of ventricular fibrillation (tachycardia) or in 
patients with very low EF (<35%). Catheter ablation of a 
unique and localized source of ventricular tachycardia 
should be considered, in patients already implanted with 
ICD or not. (in cases 1 and 2, ICD was not indicated in the 
absence of malignant arrhythmias, because EF was >35%, 
and medical treatment was effective in the relief of 
arrhythmias).

 6. Catheter ablation is also indicated for recurrent reentrant 
tachycardia and/or atrial flutter/fibrillation.

 7. Pacemaker implantation is the treatment of choice for 
complete heart block and other serious 
brady-arrhythmias.
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 Background

Pericardial Disease: Pericardial involvement in systemic scle-
rosis (SSc) is relatively common based on autopsy studies, but 
less apparent clinically. Cardiac involvement is more com-
monly diagnosed in SSc and is represented by heart block 
and/or myocardial fibrosis [1]. Autopsy studies, however, 
show that 33–72% of people with SSc have pericardial 
involvement at autopsy, while 15–43% have detectable peri-
cardial involvement on echocardiography [2]. Only about 
5–10% of patients will have clinically symptomatic disease 
[3]. Pericardial involvement consists of fibrinous pericarditis, 
pericardial adhesions, and acute or chronic pericarditis with 
or without effusion [2]. The pathophysiology of pericardial 
disease is not well understood; on pericardial biopsy, the most 
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common findings are nonspecific inflammation or fibrosis of 
the pericardium [4, 5]. With regards to pericardial effusions, 
most are small and asymptomatic, with large effusions pre-
senting uncommonly and tamponade very rarely [3]. Large 
effusions are typically associated with concomitant renal dis-
ease and/or pulmonary hypertension and carry a poor prog-
nosis with a mortality rate up to 55% [2, 3]. Effusions are 
typically exudative, with a high protein content, high LDH, 
and low white blood cell count [2, 6].

Pericardial disease is not associated with disease duration, 
and is seen in both diffuse and limited disease, though tends 
to be slightly more common in diffuse disease [1, 7]. Pericardial 
effusions can appear before skin involvement, and are more 
likely to occur in men, where they also tend to develop more 
rapidly [2, 7]. Serologically, patients with pericardial effusions 
are more likely to be anti-topoisomerase or anti-centromere 
antibody positive [7]. Pulmonary arterial hypertension is an 
important risk factor and has a poor prognosis when com-
bined with a hemodynamically significant effusion [4]. 
Moderate to large effusions associated with EKG changes 
are also associated with higher mortality [1].

Presenting symptoms for SSc associated pericardial effu-
sions overlap significantly with the symptoms of pericardial 
effusions not due to connective tissue diseases. Dyspnea is 
almost universal, with the next most common features being 
chest pain and temperature greater than 37.8 °C [8]. Physical 
exam findings in SSc and connective tissue disease-unre-
lated pericardial effusions are similar, with pedal edema, 
distended neck veins, liver enlargement, pulsus paradoxus, 
pulsus alternans, tachycardia, liver enlargement, Kussmaul’s 
sign, and pericardial friction rub (only in acute pericarditis) 
[8]. Associated laboratory findings are leukocytosis and high 
ESR [8]. Electrical manifestations are typically T-wave 
changes and low EKG voltages [8]. Most common imaging 
findings apart from pericardial effusion seen on echocar-
diography were increased interstitial markings and pleural 
effusion on chest imaging [9]. Massive pericardial effusions 
are very uncommon and are defined as fluid volume of 
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more then 200 mL [6]. These effusions are associated with 
diffuse disease, wide areas of skin hyperpigmentation, flex-
ion contractures, esophageal hypomotility, pulmonary fibro-
sis, and antibodies against anti-topoisomerase-1 [6]. The 
most common complication of large to massive effusions is 
renal failure [6].

Pleural Disease: The main lung findings in SSc are bibasi-
lar interstitial infiltrates and basilar changes related to aspira-
tion pneumonias, with pleural findings such as thickening and 
effusion representing minor contributors [9]. Pleural effu-
sions are uncommon in scleroderma, with one study estimat-
ing only 7% of patients had an effusion not attributable to 
causes other than their systemic sclerosis [10]. This finding is 
more common in patients with a diffuse phenotype [10]. 
There are no reports of large or symptomatic pleural effu-
sions due to SSc alone. The profile of the fluid is exudative, 
although drainage for purposes other than diagnostic is 
uncommon [5]. Management is typically medical and does 
not differ substantially from that of pericardial effusions out-
lined above.

 Clinical Case

Our patient was a 38-year-old female known for SSc with dif-
fuse skin involvement and arthritis for over 5 years. She was 
followed at an academic centre subspecialty clinic in systemic 
sclerosis. She was ANA and Scl-70 positive and maintained 
on methotrexate with no end-organ complications on screen-
ing echocardiography and lung imaging. Her disease was 
generally well-controlled, with no flares or hospitalizations. 
She did not have previously evident pericardial or pleural 
involvement.

She had insidious onset of shortness of breath and central 
chest pain over several weeks, and eventually presented to 
the emergency department due to significant shortness of 
breath limiting ambulation to less than 10 m. She had a nor-
mal respiratory exam, but a significant pericardial friction 
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rub. BP was normal. Also evident on exam were sclerodactyly, 
diffuse skin thickening over the arms, legs, and chest, calcino-
sis of the digits and extensor surfaces of the elbows, and 
reduced mouth opening. No synovitis was detectable on 
exam. Chest X-ray showed small bilateral pleural effusions, 
and bedside echocardiography demonstrated a small circum-
ferential pericardial effusion. She did not have electrical 
changes on her EKG. Laboratory testing disclosed a slightly 
elevated CRP, WBC count, with normal kidney function. 
Viral screening on nasal swab was negative.

She was treated with colchicine 0.6  mg BID and ASA 
650  mg daily initially for acute pericarditis and had some 
improvement in her breathlessness over 3 days of treatment. 
Her acute pericarditis was felt to be due to her SSc due to 
absence of evidence for viral or other common trigger. She 
was discharged home with close follow-up by her rheuma-
tologist, who saw her in clinic 2 weeks later. Corticosteroids 
were initially avoided due to concern for precipitating renal 
crisis, however given her ongoing chest pain that had not 
responded to colchicine and ASA, she was subsequently 
treated with prednisone 15 mg PO followed by a taper. Her 
ASA dose was reduced to 80  mg daily. She had some 
improvement in her pain, but at an Internal Medicine clinic 
visit 3 days later was experiencing increased dyspnea and 
chest pain. She was febrile at 38.1 °C, with a large pericardial 
effusion with evidence of pre-tamponade physiology on 
directed echocardiogram and increased left pleural effusion. 
She was admitted for drainage of both effusions, and dis-
charged home on her previous doses of ASA and colchicine 
with augmentation of her prednisone dose to 25  mg daily. 
Laboratory testing of both effusions revealed an exudate 
without evidence of infection or malignancy. Her symptoms 
had markedly improved when she saw her rheumatologist 2 
weeks later, and she was subsequently successfully tapered to 
10 mg of prednisone over the next two months with further 
taper by 2.5 mg every 2 weeks .

Treatment: Pericardial disease is usually treated according 
to the severity of symptoms and presence/absence plus size of 
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pericardial effusion. Most commonly, patients receive corti-
costeroids, ASA, NSAIDs, and colchicine [2]. Where aggres-
sive intervention is indicated, it usually consists of 
pericardiectomy or pericardial window [2]. Methotrexate is 
commonly used for chronic effusions [1]. In one study of SSc 
patients hospitalized for any cause, 7% had clinically symp-
tomatic pericardial effusions [2]. The mean age of this popu-
lation was 60, with over 80% female [2]. Most were treated 
with medical therapy alone, while 22% required an interven-
tion such as pericardiocentesis or pericardial window [2]. If 
the patient has PAH and an effusion causing hemodynamic 
compromise, they should be cautiously managed by medically 
optimizing right ventricular function with pulmonary vasodi-
lators, and only have their effusion drained with caution if 
drainage is absolutely necessary [4]. Rapid or large volume 
drainage of a pericardial effusion in this situation prior to 
cardiac optimization can result in cardiovascular collapse. If 
therapeutic anticoagulation is being considered for a patient 
with systemic sclerosis, an echocardiogram prior to starting is 
recommended as there have been case reports of patients 
with chronic pericardial effusions progressing to hemody-
namically significant effusions due to bleeding into the effu-
sion [1].

Summary: Symptomatic pericardial disease in SSc is 
uncommon. Our patient’s case is fairly typical for most 
described symptomatic cases; the pleural and pericardial 
effusions with significant dyspnea are similar to cases 
described in the literature. Slightly atypical was her subopti-
mal response to colchicine, and most patients do not require 
corticosteroids. Treatment depends on the symptomatic and 
hemodynamic severity and chronicity. Although uncommon, 
clinicians should be aware that pericardial disease does occur 
in SSc, can occasionally be associated with other serious com-
plications such as PAH and scleroderma renal crisis and can, 
on its own, be the cause of serious hemodynamic 
compromise.
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 Introduction

GI involvement occurs in more than 90% of patients in sys-
temic sclerosis (SSc). Any part of the GI tract can be involved, 
and the disease is progressive in nature [1]. Patients may be 
asymptomatic or present with a range of GI symptoms attrib-
uted to different etiologies. Bloating and abdominal pain are 
common among scleroderma patients. Gastric involvement 
manifesting as gastroparesis is reported in 38–50% of SSc 
patients [2] and small intestinal participation occurs in 
40–70%. Colonic involvement leading to constipation is 
observed in 20–50% of scleroderma cases [3]. Symptoms of 
abdominal distension, pain and constipation can be a major 
source of poor quality of life and their management can 
prove challenging [4].
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 Clinical Case

VK is a 37-year-old patient of afro-caribbean origin, diag-
nosed with diffuse systemic sclerosis and dermatomyositis 
overlap. She has severe upper and lower GI involvement. She 
presented to the gastroenterology scleroderma clinic with 
symptoms of severe bloating, central abdominal pain, heart-
burn, dysphagia, constipation alternating with diarrhoea and 
weight loss.

VK has undergone several investigations to assess GI 
involvement. A barium swallow revealed a dilated esophagus, 
a sliding hiatus hernia and a patulous LES. A gastric empty-
ing study confirmed gastroparesis. Upper GI endoscopy 
showed ulcerative esophagitis, and no gastric outlet obstruc-
tion. Colonoscopy was normal. A barium meal and follow- 
through pointed to the characteristic “accordion-like” 
appearance of the small bowel, with dilation of the distal 
duodenum and proximal jejunum. In addition, slow transit 
times were noted. A hydrogen breath test was positive for 
small intestinal bacterial overgrowth (SIBO).

VK’s treatment in terms of her GI symptoms is mainly 
symptomatic. She is on dual acid suppression therapy and she 
uses metoclopramide (previously domperidone) to aid with 
gastric emptying and intestinal motility. She has been on 
cyclical antibiotic courses for SIBO (rifaximin, doxycycline 
and ciprofloxacin). She is on a longstanding combination of 
laxatives (movicol, bisacodyl, senna), but lately symptoms 
improved following the addition of prucalopride to her 
treatment.

 Constipation

Constipation has been reported in up to 50% of scleroderma 
patients. In practice, fewer patients may complain of decreased 
bowel frequency and symptoms may not appear until later in 
the disease process.
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 Pathophysiology

Colonic involvement is common in GI scleroderma. There is 
initially patchy muscle atrophy which is followed by fibrosis, 
mainly affecting the circular muscle layer. The predominant 
atrophic changes, in combination with hypomotility, impaired 
peristalsis and loss of gastro-colic reflex, lead to slow-transit 
times observed in scleroderma patients [5].

 Diagnosis

Constipation is most commonly due to dysmolity and slow 
transit, but may also be the result of functional anorectal out-
let obstruction or side effects of medication (e.g. opiates, iron 
supplements). Metabolic causes, e.g. hypothyroidism and 
diabetes mellitus, should be considered in the initial assess-
ment. Detailed history, clinical assessment and investigations 
should aim to establish diagnosis and tailor treatment accord-
ingly. Patients may complain of decreased bowel frequency, 
abdominal pain and discomfort, hard stool, straining, sense of 
incomplete bowel emptying, bloating and the need to use 
manual manoeuvres. Symptoms are usually longstanding and 
there is gradual deterioration.

Acute onset constipation, or presence of red flags, should 
be urgently investigated to exclude mechanical obstruction, 
malignancy or acute colonic pseudo-obstruction, which is a 
medical emergency requiring hospital care [6]. Other severe 
but rare complications are volvulus, colonic stenosis and ster-
coral ulceration.

 Investigations

Slow transit constipation can be demonstrated with the use of 
radiopaque markers [7]. Plain abdominal radiographs and CT 
scans can be used to exclude mechanical obstruction, assess 
for colonic dilation and the presence of faecal impaction or 
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wide-mouthed diverticula at the antimesenteric colonic bor-
der. Endoscopic assessment is recommended to exclude 
malignancy and endoluminal pathology, and should be con-
sidered in scleroderma patients with recent change in bowel 
habits.

 Treatment

Dietary modifications can be initially adopted, however they 
have limited effect in slow transit constipation and high-fibre 
diets may exacerbate symptoms, particularly in the presence 
of gastroparesis and SIBO.  The same applies for bulk- 
forming laxatives. Stimulant (e.g. bisacodyl, senna, lubipros-
tone) and osmotic (e.g. macrogol, lactulose) laxatives, and 
stool softeners form the mainstay of constipation manage-
ment. They are usually more effective in the initial stages of 
the disease and combinations of different agents are usually 
employed, particularly in the long-term setting [8]. Pro- 
kinetic agents, like metoclopramide and domperidone, have 
been shown to have some effect on colonic motility [9]. 
Prucalopride is a 5-HT4 receptor agonist that promotes 
colonic transit and it has been used successfully in cases of 
SSc [10]. It is currently approved for patients failing laxative 
treatment.

In addition to the pharmacologic management of consti-
pation, other techniques such as biofeedback may be useful 
[3]. Surgery should be reserved as a last resort for emer-
gency cases, as it carries a high risk of complications and is 
of limited therapeutic value. Limiting medications that pro-
mote constipation should be considered as part of the over-
all management, alongside correction of possible metabolic 
defects (e.g. hypercalcemia, hypothyroidism). Assessment of 
anorectal function should be considered. Figure  15.1 pro-
vides an algorithm for the overall management of constipa-
tion in SSc.
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 Bloating and Abdominal Pain

The main causes of abdominal pain and bloating in sclero-
derma patients are gastroparesis, SIBO and small intestinal 
pseudo-obstruction. Colonic pseudo-obstruction and true 
mechanical obstruction (e.g. tumour, volvulus) are rarer 
causes of abdominal pain and distention that have a more 
acute onset and require prompt medical attention and in- 
hospital care.

 Pathophysiology

Smooth muscle atrophy followed by fibrosis and anatomic 
and neurovascular changes in the GI tract are characteristic 
processes of GI scleroderma. The dysmotility together with 
autonomic dysfunction contribute to impaired gastric accom-
modation and compliance, resulting in gastroparesis [11, 12]. 
In the small intestine, hypomotility, loss of Migrating Motor 

ESTABLISH DIAGNOSIS:
Infrequent urge
Difficulty in emptying

Consider other causes:
- Drugs
- Metabolic e.g. coeliac
(TTG Ab) / throid disease
- Red flags

Normal urge but difficulty in
emptying:-
Fibre

Infrequent urge and difficulty in
emptying:-

Normal urge and emptying:-
Stimulant laxative

No fibre
Suppository or osmotic laxative

Assess for rectal prolapse

INITIAL MANAGEMENT

REFERRAL FOR SPECIALISED MANAGEMENT

Specialist Investigations:
-Transit studies
- Colonoscopy

  PATIENT EDUCATION
- Biofeedback
- Toilet training

+ +NUTRITION SUPPORT
 - Dietitian review
 - Low residue diet

MEDICAL THERAPIES
- Prucalopride
- Surgery

Figure 15.1 Algorithm for management of constipation (Ref. [3])

Chapter 15. Constipation, Bloating and Abdominal Pain



172

Complexes (MMC), the presence of diverticula and chronic 
PPI use, lead to stasis of intestinal contents and migration of 
colonic bacteria in the small intestine, creating ideal condi-
tions for bacterial overgrowth [5]. Intestinal pseudo- 
obstruction is a result of the established dysmotility in 
combination with the uncoordinated contractile activity and 
failure to produce a successful propagatory movement of 
intestinal contents to the colon, in the absence of mechanical 
obstruction.

 Diagnosis

Gastroparesis is reported in up to 50% of patients with SSc. 
Apart from abdominal pain and bloating, symptoms include 
early satiety, postprandial fullness, nausea, vomiting, exacer-
bation of reflux symptoms. Gastric outlet obstruction should 
be initially ruled out. Co-morbidities (e.g. diabetes mellitus) 
and medications that contribute to delayed gastric emptying 
(e.g. opiates, anti-cholinergics) should be considered and the 
presence of Helicobacter Pylori infection may exacerbate 
symptoms [6].

SIBO is reported in 43–55% of SSc patients [13, 14]. 
Patients complain of abdominal distention, pain, excessive 
flatulence, nausea, vomiting, early satiety, diarrhoea, and in 
more severe cases malabsorption and weight loss become 
evident. There is a marked symptomatic overlap between 
SIBO and gastroparesis, and in some cases chronic intestinal 
pseudo-obstruction (CIPO) (obstructive symptoms for 
>6  months), making the diagnostic distinction challenging. 
CIPO presents with very similar symptoms as SIBO, however 
it is much less frequent, with one centre reporting a 3.9% 
prevalence [15].

Acutely presenting or rapidly deteriorating abdominal 
pain and distention should prompt for immediate investiga-
tions to exclude mechanical obstruction and volvulus.
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 Investigations

Investigating abdominal pain and bloating in scleroderma 
should be initially tailored by history and clinical findings, 
and it should be remembered that symptoms may be also 
attributed to non-scleroderma causes. Gastroparesis is diag-
nosed with a scintigraphic gastric emptying study [16]. Upper 
GI endoscopy helps ruling out gastric outlet obstruction and 
assessing for H.Pylori.

The gold-standard for the diagnosis of SIBO is culture of 
jejunal aspirates collected during upper GI endoscopy. The 
test however has limitations and is not widely used in clinical 
practice. The glucose and lactulose hydrogen breath tests are 
non-invasive methods, that rely on the metabolism of ingested 
carbohydrates by intestinal bacteria to produce hydrogen and 
methane [17, 18, 19]. Fecal calprotectin has been found to 
increase in scleroderma patients with SIBO [20]. Although it 
cannot confirm diagnosis, it can be used as a tool to identify 
patients for further testing, and also assess treatment out-
comes. In the same content, a low vitamin B12 level and a 
raised serum folate and/or vitamin K should raise clinical 
suspicion for SIBO. Bacteria in the small intestine consume 
vitamin B12 and produce folic acid and vitamin K, providing 
an indirect indication for further assessment [5, 21].

Imaging modalities should be employed to exclude 
mechanical obstruction and assess for CIPO. A plain abdomi-
nal radiograph may reveal dilated small bowel loops, with or 
without air-fluid levels. The small bowel loops may have the 
characteristic “accordion-like” appearance (on contrast stud-
ies), owing to the tightly packed volvulae convinantes. Cross- 
sectional imaging helps differentiate between CIPO and true 
mechanical obstruction. In CIPO, there is intestinal dilata-
tion, in the absence of a transition point. Transient 
 intussusceptions may also be observed and are associated 
with chronic abdominal distention and pain.
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 Treatment

Dietary and lifestyle modifications can be employed as a first 
approach in the management of gastroparesis. Low-residue 
and low-fat diets, in combination with small frequent meals 
and avoidance of recumbinant position following food inges-
tion, may provide some symptomatic control [22]. Prokinetic 
agents work in early disease stages, before muscle atrophy 
and fibrosis are well-established. Metoclopromide, domperi-
done and erythromycin have been used successfully in sclero-
derma patients, however potential side effects should be 
borne in mind [6, 23]. Enteral and parenteral nutrition may be 
the only options in advanced disease.

Management of SIBO relies in the empirical use of antibi-
otics. Antibiotics commonly used include ciprofloxacin, met-
ronidazole, doxycycline, co-amoxiclav, norfloxacin, 
tetracycline and rifaximin [24, 25]. Cyclical courses of differ-
ent compounds may be needed to achieve eradication and 
minimize resistance. Side effects, safety, effectiveness and 
availability usually determine the choice of antibiotics. In 
advanced disease states, continual rotating courses may be 
needed. Probiotics have been shown to provide some symp-
tomatic relief, however there are no clear recommendations 
regarding their use [26].

Treatment of CIPO is conservative, comprising bowel rest, 
IV hydration, bowel decompression and use of prokinetic 
agents. Metoclopromide and domperidone may increase 
small intestinal motility. Octreotide has been successfully 
used in scleroderma patients to improve intestinal motility, 
however side effects and cost limit its long-term use [27, 28]. 
Surgery carries a high risk in these patients and should only 
be reserved for emergency cases (e.g. in bowel perforation, 
volvulus). Figure 15.2 provides an algorithm for the manage-
ment of abdominal pain and distension in SSc.
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 Clinical Vignette

Case 1: A 35-year old woman with a 5-year history of 
Raynaud phenomenon and 6 months of puffy hands that pro-
hibits her from wearing rings presents to the emergency 
department with complaints of substernal chest pain and 
inability to catch her breath. The patient endorses smoking 
cigarettes (10 cigarettes per day for 20 years). She takes no 
medications. Her family history is significant for a maternal 
cousin with systemic lupus erythematosus. On exam, the skin 
on her fingers bilaterally appears shiny and tight. Digital 
 pitting is noted on the finger pulps. ECG abnormalities and 
elevated troponins are not noted. Chest computed tomogra-
phy for pulmonary emboli reveals no evidence for emboli, 
but ground glass opacities especially in the right middle lobe 
and at the lung bases bilaterally are noted. She is discharged 
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home on daily omeprazole daily and told to follow- up with 
her primary care physician for gastroesophageal reflux.

Case 2: A 45-year old woman with diffuse cutaneous sys-
temic sclerosis (dcSSc) for 1 year complicated by polymyosi-
tis presents with severe epigastric pain. She was initially 
prescribed prednisone 60 mg PO QD with steroid taper and 
weekly oral alendronate pills to prevent steroid-induced 
osteoporosis along with calcium, vitamin D and weight-bear-
ing exercise. She notes midline pain just inferior to the 
xiphoid process. She presents to a rheumatologist who urges 
her to stop taking weekly alendronate and refers the patient 
to a gastroenterologist who performs an upper endoscopy 
(EGD). During the EGD, a large white tablet, likely alendro-
nate, is extracted from the upper esophageal 1/3 and proton 
pump inhibition is prescribed. Three weeks later the patient 
endorses complete resolution of pain.

 Epidemiology

Reflux of gastric contents into the esophagus resulting in 
symptoms or esophageal damage is referred to as gastro-
esophageal reflux disease (GERD). Gastroesophageal reflux 
disease is highly prevalent in patients with systemic sclerosis 
(SSc/scleroderma) and can be associated with impairments in 
health-related quality of life especially sleep [1, 2]. Abnormal 
esophageal motility on diagnostic testing is reported in 
75–90% of patients with SSc, highlighting an additional 
pathophysiologic component [3]. The prevalence of SSc- 
GERD depends upon the detection modality that includes 
barium swallow, high-resolution manometry, pH reflux and 
impedance testing and upper endoscopy/ esophagogastrodu-
odenoscopy (EGD). SSc subtype (limited versus diffuse 
 cutaneous), age, race and sex do not appear to strongly influ-
ence SSc-GERD development, but longer SSc duration and 
the presence of interstitial lung disease have been associated 
with more manometric esophageal abnormalities [4, 5].
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 Pathogenesis

Gastroesophageal reflux (GER) is a physiologic process 
whereby gastric contents flow retrograde into the esophagus 
[6]. Patients with SSc can experience acid and/or non-acid 
GER (discussed below). In the postprandial period, gastric 
acid floats atop undigested food forming what is called the 
gastric acid pocket that functions as a gastric acid reservoir 
[6]. The higher the location of the gastric acid pocket relative 
to the crural diaphragm, the more acidic the refluxate [6]. 
Additionally, impairment of normal esophageal peristalsis in 
SSc also contributes to GERD development. Abnormal 
esophageal function in SSc has been attributed to a four-stage 
process that mirrors SSc skin changes: (1) an early vasculopa-
thy that manifests as mild changes in intestinal permeability, 
transport, and absorption, (2) neural dysfunction, (3) smooth 
muscle atrophy, and (4) end-stage fibrosis [7]. Autopsy studies 
demonstrate that the major pathology is likely smooth mus-
cle atrophy as opposed to fibrosis [8–11]. Additionally, anti-
myenteric autoantibodies have been described in SSc patients 
that may contribute to neural dysfunction [12]. The end result 
is a flaccid esophagus and lower esophageal sphincter (LES) 
that permit GER.

 Clinical Presentation

Patients with SSc-GERD may spontaneously report typical 
reflux symptoms including the sensation of intermittent 
regurgitation of stomach contents into the chest, throat or 
mouth especially following meals, or during forward flexion 
or recumbency. In most cases, patients will only endorse 
 typical GERD symptoms during a detailed review of systems. 
Atypical GERD symptoms include atypical chest pain (Case 
1), hoarseness, pharyngitis, halitosis, dental and periodontal 
issues, and nasopharyngeal complaints (ear and sinus full-
ness). In these instances, a high index of suspicion is required 
for accurate diagnosis. The presence of extraesophageal 
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symptoms such as cough, throat irritation, hoarseness, laryn-
gitis or pharyngitis should prompt consideration of additional 
diagnostic testing including esophageal reflux testing and 
manometry (Fig. 16.1a and b) or barium swallow (Fig. 16.1c). 
Long standing, uncontrolled GERD commonly results in 
peptic stricture formation with resultant dysphagia.

 Diagnostic Evaluation

Twenty-four-hour ambulatory pH testing with multichannel 
intraluminal impedance (MII) is the current state-of-the-art 
GERD assessment tool (Fig. 16.2). Patients record timing of 
meals, medications and sleep and note reflux symptoms by 
depressing a button on an event recorder worn around the 
waist or over the shoulder. The nose is anesthetized prior to 
placement of the catheter that is swallowed into the stomach, 
and no sedation is provided to enable patient participation. 
The catheter consists of impedance recording channels inter-
mittently spaced as well as pH electrodes placed at different 
points in the esophagus. The impedance recording channels 
detect liquid, semisolid, or gas GER episodes based on elec-
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Figure 16.1 High-resolution esophageal manometry. (a) Image 
from a normal exam showing the initiation of a swallow and normal 
esophageal peristalsis and lower esophageal sphincter relaxation. 
(b) Image from an abnormal exam from a patient with SSc showing 
absent esophageal peristalsis and lack of lower esophageal sphincter 
relaxation. (c) Esophagram or barium swallow exam that demon-
strates esophageal dilation as well as peptic stricture formation, a 
consequence of uncontrolled gastroesophageal reflux disease
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trical resistance changes (measured in ohms), to electrical 
current flow, between adjacent electrodes along the length of 
the MII probe [13]. Reflux events by impedance are defined 
as a ≥ 50% reduction in impedance values. Refluxate is con-
sidered acidic, mildly acidic and nonacidic with pH ≤4, 4–<7 
and ≥7 respectively. Acid exposure time (AET) is defined as 
the total time that the esophageal mucosa is exposed to a 
refluxate with pH < 4. A total AET ≥ 4.5% during a 24 period 
is considered abnormal. The proportion of the time spent 
with acid exposure in supine and upright positions is also 
determined. The Demeester score is also calculated with any 
score greater than 14.72 signifying abnormal esophageal acid 
exposure. The score is calculated using six variables including 
the percent of total time with pH <4, supine and upright time 
with pH <4, number of episodes lasting at least 5 min, longest 
episodes (minutes), and total number of episodes with pH <4. 
Impedance testing enables measurement of the proximal 
height of the refluxate that may be associated with concomi-
tant SSc-interstitial lung disease (ILD) [14].

Esophageal manometry evaluates the form and vigor of 
esophageal contractions in response to a swallow. Expected 
abnormalities in SSc include weak contractions, ineffective 
esophageal motility, and absent peristalsis (Fig. 16.1). Resting 
LES pressure is also expected to be low, particularly in 
advanced disease (Fig.  16.1). The impedance portion of the 
exam evaluates for clearance of the saline bolus used to initi-
ate the swallow. Of note, absent peristalsis is not specific for 
SSc and can be found in patients with overlap syndromes, 
systemic lupus erythematosus, polymyositis, etc. [15].

At some institutions the multiple rapid swallow (MRS) 
test, performed during esophageal manometry, is used to 
evaluate peristaltic reserve. The patient repetitively swallows 
sips of saline spaced several seconds apart in the supine posi-
tion. The normal response in a person with intact esophageal 
neural mechanisms and muscular integrity is an initial dimi-
nution and subsequent augmentation of esophageal body and 
LES contractions [16]. Patients with SSc, regardless of mano-
metric motility diagnosis, demonstrated impaired esophageal 
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peristalsis and LES contractions compared to healthy con-
trols [16]. These data suggest that abnormal response to MRS 
may be the most common esophageal manometric abnormal-
ity in patients with SSc.

A barium swallow, another out-patient procedure that 
provides a simple assessment of esophageal structure and 
diameter, can be performed prior to consideration of esopha-
geal endoscopy or manometry. Some institutions favor endos-
copy with manometry in all patients with SSc and avoid 
barium swallow exams. This is due to the concern that con-
comitant gastric and intestinal hypomotility can lead to bar-
ium retention that may extravasate into the peritoneum in 
patients with pneumatosis cystoides intestinalis. The risk is 
very low and the decision to perform esophageal manometry 
versus barium swallow is best made in close consultation 
between the treating rheumatologist and gastroenterologist.

Esophagogastroduodenoscopy (EGD) is an essential tool 
to evaluate for esophagitis and esophageal strictures that can 
complicate uncontrolled GER. It is also useful for assessing 
for candida esophagitis and other forms of infectious esopha-
gitis, ulcer formation and esophageal metaplasia (Barrett’s 
esophagus).

 Treatment

The management of SSc-related GERD starts with aggres-
sive lifestyle modifications including smoking cessation, head 
of bed elevation, attainment and maintenance of ideal body 
weight. Dietary modification is essential and involves avoid-
ance of food and drink before periods of recumbency, avoid-
ance of excess alcohol consumption, and eating small frequent, 
as opposed to large infrequent, meals. Pharmacologic treat-
ments include agents that reduce gastric acid secretion, such 
as proton pump inhibitors (PPI) (best taken 30 min prior to 
the largest meal), histamine H2 receptor antagonists, antac-
ids, physical LES barriers (alginic acid formulations) and 
prokinetic agents (Table 16.1 and Fig. 16.2). Compared with 
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Table 16.1 GERD pharmacologic treatments
Histamine H2 antagonists

Cimetidine

Famotidine

Loxtidine

Lamitidine

Proton pump inhibitors (in order of increasing 
potency)

Relative 
potency

Pantoprazole 0.23

Lansoprazole 0.90

Dexlansoprazole Not studied

Omeprazole 1.00

Esomeprazole 1.60

Rabeprazole 1.82

Antacids

Calcium carbonate

Magnesium trisilicate

Aluminum hydroxide

Alginic acid formulations

Sodium alginate and potassium bicarbonate

Promotility agents

Domperidone

Metoclopramide

Macrolide antibiotics
   Azithromycin [6]
   Erythromycin

Based on the mean 24-h gastric pH, the relative potencies of the 
five PPIs compared to omeprazole [17].
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healthy volunteers, patients with GERD need a 1.9-fold 
higher PPI dose to achieve a given increase in mean 24-h 
intragastric pH [17]. Prior to increasing PPI dose or fre-
quency, physicians should counsel patients regarding proper 
PPI administration (30  min before meals) and/or consider 
trialing a different PPI (e.g. higher potency PPI) (Table 16.1). 
Lifestyle modifications, in addition to once or twice daily 
PPIs, can be insufficient for symptom control [18]. Recent 
results of a 4-week randomized trial of alginic acid (n = 37) 
versus domperidone (n  =  38) in SSc patients with partial 
response to twice daily omeprazole failed to discern which of 
these add-on therapies is superior [18].

Invasive interventions including laparoscopic fundoplica-
tion, and Roux-en-Y gastric bypass (gastrojejunostomy) are 
performed in select patients with SSc, but only after a com-
prehensive multidisciplinary evaluation including esophageal 
manometry and nutritional status assessment [19]. Esophageal 
dysmotility on manometry consisting of ineffective, weak or 
absent peristalsis increases the risk for post-operative dys-
phagia. However, study results have shown that the degree of 
pre-operative esophageal dysmotility manometry parameters 
does not adequately predict post-operative dysphagia [19].

Gastroesophageal reflux complicating lung transplanta-
tion is a concern in patients with SSc [20, 21]. Thus, transplan-
tation centers have developed protocols for addressing this 
potential complication including aggressive PPI, head of bed 
elevation to 45° and anti-reflux surgical interventions such as 
fundoplication. Peri-transplant anti-reflux surgery has been 
shown to improve 1- and 3-year survival in lung transplant 
recipients, though this has not been specifically studied in SSc 
patients. Analysis of the United Network for Organ Sharing 
(UNOS) data from 229 adults with SSc, 201 with pulmonary 
arterial hypertension (PAH), and 3333 with ILD who under-
went lung transplantation in the US between May 4, 2005 and 
September 14, 2012 demonstrated no difference in 30-day 
post-transplant survival between patients with SSc and those 
with ILD (HR 0.65[95% CI 0.27–1.58]) [22]. Moreover, in the 
patients who survived 1-year, the 3-year survival among SSc 
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patients exceeded PAH survival rates suggesting that lung 
transplantation should not be refused to SSc patients out of 
concern for GERD [22].

 Incomplete Response to Proton Pump 
Inhibition in SSc Patients

The results of a recent retrospective case-control study of 38 
non-SSc patients and 38 SSc patients who were taking PPI 
BID and underwent 24-hour ambulatory impedance pH test-
ing found that 58% of SSc patients had manometric findings 
of the “scleroderma esophagus” defined as hypotensive 
esophagogastric junction tone and absent contractility 
(Fig. 16.1b) [23]. Additionally, SSc patients had significantly 
higher total acid exposure time (AET) 6.8% (2.4–18.7) com-
pared to 1.8% (0.5–3.8) in non-SSc controls (p < .001). 72% 
of SSc patients had absent esophageal contractility compared 
to none of the controls (p < .001). Moreover, SSc patients had 
substantially reduced mean nocturnal baseline impedance 
492 ohms (257–915) compared to 2783 ohms (1050–3275) in 
controls (p  <  .001), suggestive of more liquid reflux and 
potentially impaired esophageal clearance. Thus, patients 
with SSc may experience more GERD symptoms due to 
delayed esophageal content and refluxate clearance.

 Exacerbating Factors

The high prevalence of asymptomatic GERD warrants cau-
tion, and, if possible, the avoidance of pharmacotherapies 
that are often associated with pill esophagitis whereby pills 
lodge in the upper or mid 1/3 of the esophagus and can cause 
erosions. Oral bisphosphonates (as described in Case 2), 
some antibiotics such as doxycycline, oral iron or potassium 
and some NSAIDs are common culprits [24, 25]. When pos-
sible, liquid, intramuscular or parenteral formulations should 
be prescribed. Noncompliance with lifestyle modifications, 
listed above, may also worsen GERD symptoms.
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 Summary

Gastroesophageal reflux disease is common in patients with 
SSc. Lifestyle and medication modifications coupled with 
newer diagnostic and treatment modalities help inform medi-
cal decision-making and improve health-related quality of life.
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 Introduction

Gastrointestinal tract (GIT) dysfunction is a leading cause of 
morbidity and mortality in patients with systemic sclerosis 
(SSc). The majority of patients with SSc (over 90%) have 
some involvement of their GIT over the course of their dis-
ease [1, 2]. Unlike other features of SSc, such as cutaneous 
sclerosis, the course of GIT involvement is often progressive 
over time. The various manifestations of SSc-GIT dysfunc-
tion can evolve late into the SSc disease course, even when 
other aspects of this condition (e.g., interstitial lung disease 
[ILD]) are quiescent.

Despite the disease burden of GIT dysfunction in SSc, this 
dimension of SSc remains poorly understood from both a 
pathological and treatment perspective. Lower GIT dysfunc-
tion, in particular, adversely affects quality of life [3], is asso-
ciated with depressive symptoms [4], can cause profound 
malnourishment and weight loss [5, 6], and in certain cases, 
can lead to death [7].
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Diarrhea is a common manifestation of SSc-GIT dysfunc-
tion [1]. The present chapter summarizes the clinical presen-
tation and management of diarrhea in SSc. Through 
highlighting two demonstrative clinical vignettes, this chapter 
presents strategies for ameliorating diarrhea and improving 
nutritional status in patients with SSc.

 Pathogenesis of Lower GIT Dysfunction 
in SSc

As described above, our understanding of the pathogenesis 
of lower GIT dysfunction is limited [8]. Historical studies 
demonstrated that patients with SSc-GIT involvement had 
evidence of vasculopathy, smooth muscle atrophy, as well as 
neural dysfunction and fibrosis [8]. However, these early 
studies focused primarily on upper GIT pathology [9, 10]. 
Subsequent reports demonstrated that auto-antibodies may 
contribute in specific manifestations of SSc-GIT dysfunction, 
such as dysmotility [11–13]. Smoking has also been associated 
with increased GIT symptoms as described in one large 
(N = 606) observational cohort study in Canada [14].

More recent studies have suggested that changes in the 
lower GIT microbiota may contribute to SSc-GIT dysfunc-
tion [15, 16]. Observational studies have demonstrated micro-
bial community differences between patients with SSc and 
healthy controls [17–22]. These studies have described deple-
tions in beneficial commensal genera (e.g., Faecalibacterium, 
Clostridium, and Bacteroides), as well as enrichments in 
potentially pathobiont genera (e.g., Fusobacterium, Prevotella, 
Ruminococcus Akkermansia) in the lower GIT in SSc patients 
[17–19]. In addition, these reports have demonstrated impor-
tant connections between lower GIT microbial composition 
and specific SSc disease features (e.g., ILD [17, 18]), as well as 
SSc-GIT symptoms [17–19]. The aforementioned investiga-
tions into the GIT microbiome in SSc have stimulated new 
research efforts in this area that may ultimately reveal impor-
tant treatment targets for managing SSc-GIT dysfunction.
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However, in clinical practice, the etiology of diarrhea is 
often multi-factorial. While the SSc disease state itself can 
contribute to diarrhea, a plethora of other factors may also 
contribute to these symptoms (Table 17.1). While caring for 
patients with SSc, health care providers need to explore and 
address all possible causes of diarrhea.

Table 17.1 Common causes of diarrhea in patients with SSc
Cause Diagnostic clues
SSc-related 
dysmotility

Alternating cycles of distention/
constipation with periods of diarrhea, or 
loose stools

Small intestine 
bacterial overgrowth 
(SIBO) with 
malabsorption

Bloating/distension are common, as is 
increased flatulence. Constipation can also 
occur. Symptoms are often temporarily 
alleviated with antibiotics.

Intestinal pseudo- 
obstruction

Pain and cramping are more prominent 
than with other causes of diarrhea. Nausea 
and vomiting can occur. While constipation 
and distention are the predominant 
symptoms of pseudo-obstruction, overflow 
diarrhea can occur.

Antibiotic use Diarrhea onset/worsening is within 
3–4 days of initiation of antibiotics.

Medication 
side effects (e.g. 
mycophenolate)

Diarrhea improves upon cessation of the 
offending medication.

Food intolerances 
(e.g., dairy, gluten)

Diarrhea improves after eliminating the 
offending food and recurs once the food is 
reintroduced.

Overlap syndrome 
with inflammatory 
bowel disease (IBD)

SSc-diarrhea symptoms can be 
indistinguishable from IBD-diarrhea 
symptoms. Further gastrointestinal testing 
(e.g., colonoscopy) is often necessary to 
detect IBD.

(continued)
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 Assessment of Lower GIT Dysfunction in SSc

In clinical practice, self-reported symptoms of lower GIT 
dysfunction are the cornerstone to monitoring disease pro-
gression and treatment response. Whereas pulmonary func-
tion tests (PFT) are employed to monitor progression of ILD, 
no valid, objective measures of disease activity exist for SSc- 
GIT dysfunction. Patients may be reluctant to share intimate 
details of their bowel habits; therefore, the provider should 

Table 17.1 (continued)

Cause Diagnostic clues

Overlap syndrome 
with irritable bowel 
syndrome (IBS)

Careful history taking reveals an emotional 
component to symptoms. Diarrhea 
alternating with constipation is common. 
Stress is often a trigger for symptoms. 
Further gastrointestinal testing (e.g., 
colonoscopy) is often necessary to rule out 
IBD.

Excessive 
consumption of 
sugar alcohols

Food intake diary reveals consumption of 
sugar-free foods, including soda, gum and 
other foods that contain substances, such 
as sorbitol, maltitol.

Gastrointestinal 
infection

Suspicion is raised in an 
immunocompromised host.a extra- 
intestinal signs of infection may be present, 
such as fevers, chills, and weight loss.

Foodborne illness Acute onset of symptoms; history of 
intake of foods commonly associated with 
foodborne illnesses (e.g. fried rice, raw 
milk, raw seafood, undercooked meat, 
lettuce, sprouts); exposure to daycares; or 
travel history.

aAn immunocompromised state can be induced by medications (e.g., 
mycophenolate, cyclophosphamide, etc.), but it can also be caused 
by malnutrition
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solicit this history with sensitivity and compassion. Using a 
metric, such as the UCLA SCTC GIT 2.0 [23], may help the 
provider understand the clinical course of symptoms. The 
GIT 2.0 is a 34-item self-administered questionnaire that 
contains 7 domains; one of which is diarrhea [23]. The GIT 2.0 
provides a total score of GIT severity (summation of all 
scales except constipation) and has relatively good reliability 
and validity across different SSc cohorts [24–26].

Additional tools may also be helpful in assessing diarrhea 
in patients with SSc, such as the Subjective Global Assessment 
(SGA) [27]. This metric combines clinical history data (e.g., 
weight changes, gastrointestinal symptoms, dietary intake, 
functionality) with physical examination findings [27]. The 
Patient-Reported Outcomes Measurement Information 
System (PROMIS) GIT symptom item bank assesses GIT- 
specific symptoms and correlates well with the GIT 2.0 [28]. 
The Malnutrition Universal Screen Tool (MUST) can help 
identify patients who are at risk for malnutrition due to diar-
rhea and has been evaluated in SSc [5, 29].

Assessment of SSc lower GIT symptoms can also include 
a variety of imaging and diagnostic procedures that are often 
orchestrated through a consulting gastroenterologist [8]. 
Table  17.2 summarizes commonly performed studies in SSc 
patients with diarrhea.

Table 17.2 Diagnostic testing in patients with SSc suffering from 
diarrhea
Diagnostic test Purpose
Colonoscopy Detect obstructing lesions, 

mucosal inflammation, 
telangiectasias

CT or MR enterography Evaluate for small bowel 
disease and extraluminal 
pathology

Barium study Detect obstruction/pseudo- 
obstruction

(continued)
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 Clinical Cases: Focus on Diarrhea in SSc

 Case 1: JK

 Presentation

JK is a 76-year-old Caucasian female with a 30-year history of 
limited cutaneous systemic sclerosis. Her SSc-related disease 
manifestations include mild Raynaud’s phenomenon, gastro-
esophageal reflux disease (GERD), and ILD.  She is anti- 
nuclear antibody (ANA) positive, but negative for SSc-specific 
serologies, including centromere, anti-topoisomerase I and 
RNA Polymerase III. The patient has never received immu-
nosuppressive therapy for her SSc.

Diagnostic test Purpose

Defecography Evaluate for rectal outlet 
obstruction

Abdominal X-ray Assess for pneumatosis 
intestinalis

Video capsule endoscopy Assess for intraluminal small- 
bowel pathology

Breath tests (hydrogen, bile acids, 
nonradioactive glucose, lactulose)

Diagnose SIBOa

Fecal fat, pH tests; measurements 
for fat soluble vitamin levels

Diagnose malabsorption

Anorectal manometry Detect anorectal motility 
problems

Surface electromyography Evaluate for sphincter fecal 
incontinence

aThe gold standard for diagnosing SIBO is aspiration and culture of 
jejunal fluid, but this is rarely performed in clinical practice due to 
the invasive nature of the procedure

Table 17.2 (continued)

E. R. Volkmann



199

Upon presentation, she described episodes of constipation 
alternating with episodes of diarrhea for the past few years. 
Specifically, over the course of 4–5  days, she developed 
increased bloating/distension and constipation. Subsequently, 
she experienced profuse, watery diarrhea for 1–2  days. She 
also reported decreased appetite and a 10-lb weight loss over 
the last year. She avoided eating out at restaurants and travel-
ing by plane, as both caused her symptoms to worsen. She 
had no significant life stressors; however, her GIT symptoms 
caused her emotional distress.

On physical examination, she was a thin woman with a 
slightly distended abdomen that was non-tender and without 
rebound or guarding. Her laboratory testing revealed a mild 
anemia and hypovitaminosis D, without any signs of systemic 
inflammation. The patient underwent age-appropriate screen-
ing for colon cancer 3 years prior, and the colonoscopy was 
unremarkable. She refused to undergo another colonoscopy, 
or any other GIT testing at this time.

Detailed dietary history revealed that the patient con-
sumed an abundance of raw fruits and vegetables for break-
fast, lunch and dinner. She seldom ate meat, but did consume 
seafood on occasion. She consumed some dairy and wheat 
products. When she became constipated, she would drink an 
abundance polyethylene glycol. She took no other bowel 
medications.

 Intervention

The initial management approach was to help the patient 
have a daily bowel movement. The patient’s diarrhea was 
likely due to overflow diarrhea in combination with excessive 
use of polyethylene glycol during severe distension episodes. 
She was started on prucalopride, a pro-motility agent that is 
effective in the treatment of slow-transit constipation [30] 
and has been studied in patients with SSc [31]. She was 
instructed to use polyethylene glycol sparingly.

In addition, she was advised to limit her consumption of 
raw fruits and vegetables, particularly those high in 
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Fermentable Oligosaccharides, Disaccharides, 
Monosaccharides and Polyols (FODMAPs). These com-
pounds can often worsen distention and bloating, especially 
when consumed raw. While some recommend avoiding all 
foods high in FODMAPs, it is the author’s opinion that many 
patients can tolerate vegetables containing high FODMAPs, 
as long as they are cooked well. For example, steamed arti-
chokes are generally well tolerated and are an excellent 
source of inulin, a natural prebiotic. Prebiotics are substances, 
which help promote the growth of healthy, commensal gut 
bacteria. Animal studies have demonstrated that consump-
tion of Jerusalem artichoke tubers modified the microbiota 
ecology in the large intestine to a great extent than the con-
sumption of probiotics [32].

Probiotics were not prescribed for this patient. Probiotics 
are live microorganisms (typically Bifidobacterium and 
Lactobacillus) that are administered as food or supplements 
[33]. A very small, open-label study (N = 10) of SSc patients 
with moderate to severe bloating symptoms demonstrated 
that the administration of Bifidobacterium and Lactobacillus 
led to a significant improvement of GIT symptoms as mea-
sured by the GIT 2.0 [34]. However, this study lacked a con-
trol group. There is no compelling evidence presently that 
probiotics exhibit meaningful disease-modifying effects on 
any human diseases [35, 36]. Furthermore, in several unique 
SSc cohorts, the abundance of Lactobacillus was actually 
increased compared with healthy controls [17–20].

She was also started on a natural fiber supplement after 
the prucalopride was introduced to increase the bulk of her 
stools. This was started slowly by adding a few tablespoons of 
ground flaxseed to her morning oatmeal. Eventually, she 
increased the amount of ground flaxseed to approximately 
one half a cup per day (mixed with either oatmeal and yogurt, 
primarily).

At her follow up visit 3 months later, the patient reported 
near resolution of her diarrhea. With the addition of prucalo-
pride and the avoidance of raw foods high in FODMAPs, the 
patient was able to have a daily bowel movement. Instead of 
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requiring large doses of polyethylene glycol 1–2 times per 
week, the patient only needed this medication once a month, 
and typically, this was after a day, during which she deviated 
from her dietary plan.

Lessons learned from Case 1
• Diarrhea is a not uncommon manifestation of slow transit 

constipation, especially when laxatives are used in excess 
or overflow diarrhea occurs.

• Adhering to a low FODMAP diet may help ameliorate 
GIT dysfunction; however, vegetables with high 
FODMAPs are often tolerated when cooked well.

• Pro-motility agents can help to regulate bowel movements 
even in patients with diarrhea, if the underlying cause of 
symptoms is dysmotility.

 Case 2: SC

 Presentation

SC is a 66 year old Caucasian female with a 12-year history of 
diffuse SSc with a history of renal crisis, ILD, Raynaud’s phe-
nomenon, digital ulcers and GERD (ANA positive, Scl-70 
positive). She had been treated early in the course of her 
disease with multiple courses of intravenous cyclophospha-
mide administered approximately monthly over 2 years. She 
was then transitioned to azathioprine for another 5 years as 
maintenance therapy.

Upon presentation to the clinic, she had been off of immu-
nosuppressant therapy for 4 years. Her main complaint was 
diarrhea, and she reported between 15 and 30 episodes of 
watery diarrhea daily. She also had frequent digital ulcer 
infections that required multiple courses of broad-spectrum 
antibiotic therapy.

The patient adhered to a low FODMAP diet, but had 
experienced profound weight loss (>30 lbs) over the past 
year. She also reported fatigue and depression due to the fact 
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that her GIT symptoms prevented her from traveling to visit 
her grandchildren.

On physical examination, she was cachectic and had a flat, 
non-tender abdomen. Her laboratory testing revealed a low 
prealbumin, low hemoglobin, low albumin and multiple other 
vitamin deficiencies including carotene, vitamin B12, folate, 
and iron. Lactulose breath testing was positive. Stool exami-
nation demonstrated Clostridium difficile infection positivity. 
Colonoscopy showed non-specific inflammation in various 
parts of the colon.

 Intervention

The cause of the patient’s diarrhea was likely due to both C. 
difficile infection and small intestine bacterial overgrowth 
(SIBO) with malabsorption [37]. The patient did not recall 
having problems with constipation prior to the onset of her 
diarrhea. Chronic antibiotic use and her extensive history of 
immunosuppressive therapy may have contributed to SIBO.

The patient was treated with oral vancomycin for her 
Clostridium difficile infection. Her diarrhea improved, but she 
still had multiple episodes of loose, watery stools even after 
treatment of her infection. Shortly thereafter, she was given 
another course of antibiotics for a urinary tract infection and 
developed worsening diarrhea secondary to C. difficile recur-
rence. She was treated again with oral vancomycin, but her 
symptoms and the infection persisted upon repeat testing.

At this juncture, the patient was referred for fecal trans-
plant for treatment-refractory C. difficile infection. The most 
common indication for fecal transplantation is recurrent C. 
difficile infection (typically three or more infections). Within 
a week of the transplant, the patient reported resolution of 
her diarrhea. For an entire year following the transplant, the 
patient experienced no diarrhea. With vitamin supplementa-
tion and referral to a nutritionist who specializes in SSc, her 
vitamin levels normalized and she regained weight.

Studies have demonstrated that administration of immu-
nosuppressive agents can alter the GIT microbiome. For 
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instance, cyclophosphamide (CYC) reduced the diversity and 
shifted the microbiota composition towards a reduction in 
Bacteroidetes in one animal study [38]. It is plausible that 
patients who receive immunosuppression may be at height-
ened risk for the development of SIBO independent of the 
SSc disease state.

Furthermore, repeated courses of antibiotics have pro-
found effects on the GIT microbiome and can cause dysbiosis 
[39, 40]. While short courses of antibiotics can ameliorate 
GIT symptoms in patients with SIBO [41], the long-term use 
of rotating cycles of antibiotics is likely more harmful than 
beneficial given the enduring impact of antibiotics on the 
GIT microbiome. However, more research is needed in this 
area, particularly to understand the long-term effects of 
agents such as Rifaximin [42], which is used to treat irritable 
bowel syndrome (IBS) [43] and has been tested in small 
group of patients with SSc [44].

Lessons Learned from Case 2
• It is important to rule out infection in patients with SSc, 

even when SIBO is present.
• Frequent courses of antibiotics can drive dysbiosis in the 

GIT microbiota.
• Fecal transplantation may be a viable option in the future 

to treat dysbiosis in patients with SSc and studies assessing 
this intervention are underway.

 Summary and Recommendations

Diarrhea is a common complication of SSc with diverse 
underlying etiologies. The most common causes of diarrhea 
directly attributable to SSc are SSc-related dysmotility and 
SIBO with malabsorption; however, other causes should be 
considered, as described in Table 17.1.

The treatment approach to managing diarrhea in SSc 
depends on the underlying cause(s) of symptoms and often 
involves a multi-disciplinary approach. Gastroenterology 
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consultation is particularly helpful in complicated cases, when 
overlap GIT conditions (e.g., inflammatory bowel disease 
(IBD), IBS) are present, and/or when further diagnostic test-
ing is indicated (Table 17.2). Anti-diarrheal medication should 
be used sparingly (after C. difficile infection has been ruled 
out), as these agents can cause severe constipation and rectal 
prolapse [45].

Nutritional consultation is also beneficial, especially since 
patients may develop highly restrictive diets when they suffer 
from diarrhea that can compromise their nutritional status. 
Table 17.3 highlights nutritional strategies that can be helpful to 

Table 17.3 Nutritional strategies to explore when managing diar-
rhea in SSc
  •  Limit consumption of raw fruits and vegetables
  •  If raw fruits and vegetables are consumed, eat these foods in 

isolation, preferably early in the day
  •  Consider following the low FODMAP diet, or at least using it 

as a guide to determine what foods you can/cannot tolerate
  •  Cook vegetables well (steamed, roasted, sautéed). If diarrhea 

is severe, consume vegetables in soups and purees primarily.
  •  Trial of the elimination diet to identify dietary intolerancesa

  •  Increase consumption of healthy fats (e.g., olive oil, avocado, 
flax seed [ground or oil])

  •  Gradually increase consumption of cultured foods (e.g., 
yogurt, milks- these can be derived from animals [cows, 
goats, sheep] or from nuts, oats, rice, or hemp for individuals 
who cannot tolerate dairy)

  •  Gradually increase consumption of fermented foods (e.g., 
sauerkraut, pickles, kombucha)

  •  Limit consumption of processed foods (i.e. food that comes 
in packages with more than 5–10 ingredients)

aThe author rarely finds food allergy testing helpful. Instead, she 
recommends that patients try eliminating certain foods (e.g., gluten, 
dairy) for 1 month and then re-introducing them one at a time to 
determine whether symptoms subside during cessation and worsen 
during re-introduction. Elimination diets should only be performed 
under the close supervision of a medical professional to ensure that 
the patient is receiving an adequate source of key vitamins, minerals 
and calories during the elimination phase of this process.
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explore in patients with SSc. Often, patients need to be fol-
lowed closely to observe how their symptoms change and 
evolve with specific dietary modifications. While the low 
FODMAP diet is used frequently in clinical practice, no con-
trolled trials have evaluated its impact on SSc-GIT dysfunc-
tion. Furthermore, consuming a low FODMAP diet can alter 
the gut microbiota and metabolome, and it is unclear how 
these alterations affect immune function and health [46, 47]. 
Fiber supplementation should be used judiciously in patients 
with diarrhea as it can lead to constipation and fecal impaction 
[48, 49]. I therefore recommend introducing a natural fiber 
supplement (e.g., ground flaxseed) in small amounts initially.

Since changes in the microbiome likely underlie the symp-
tomatic improvement that patients experience with diet 
changes [50–52], it is important to recognize that adherence to 
dietary changes is critical. Studies have demonstrated that the 
GIT shifts in microbial composition occur rapidly in response 
to dietary changes [53]. One study found that switching mice 
from a low-fat, plant polysaccharide-rich diet to a high-fat, 
high-sugar “Western” diet altered the composition of the 
microbiome in just 1 day [54]. Therefore, both the patient and 
the health care provider need to understand that sustainable 
improvements in GIT function will only occur when the 
patient is fully committed to adhering to their dietary plan.

If the patient has anxiety, depression, and/or any compo-
nent of IBS, these issues also require attention. Various 
modalities can be helpful in these cases including 
 psychotherapy, psychoactive medication, biofeedback, and 
meditation [55, 56].

In summary, diarrhea is a troubling complication of SSc 
that adversely affects quality of life and can lead to malnutri-
tion and in severe cases, death. No disease-modifying treat-
ments exist to manage this feature of SSc, but new research 
on the GIT microbiome will hopefully help uncover novel 
targets for therapeutic intervention.
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Clinical Vignette
A 65-year-old woman with limited cutaneous systemic sclero-
sis (lcSSc) was admitted for the evaluation of worsening 
fatigue. Routine blood tests showed a hemoglobin level of 
9.4  g/dL, with a ferritin level of 4  ng/mL.  The fecal occult 
blood test was positive. Esophagogastroduodenoscopy 
revealed diffuse gastric vascular ectasias involving the antrum 
and converging towards the pylorus (Fig. 18.1). How should 
this case be managed?

 Introduction

Gastric antral vascular ectasia (GAVE) is a rare acquired 
vascular disease involving the antral mucosa of the stomach 
[1]. The disease is also known as watermelon stomach 
because of its striking endoscopic appearance, characterized 
by multiple longitudinal stripes of red vessels originating 
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from the pylorus and involving the antrum. The macroscopic 
appearance of GAVE is related to the underlying pathogenic 
mechanisms and microscopic features, characterized by cap-
illary dilatation, small vessel fibrin deposition and micro-
thrombosis [2].

Although GAVE is a known complication of cirrhosis, 
only a third of patients with GAVE actually have a chronic 
liver disease [3]. Among non-cirrhotic patients, GAVE can be 
mostly observed in patients with autoimmune connective tis-
sue disorders, bone marrow transplantation and chronic renal 
failure [3]. Despite the rarity of both diseases, the association 
of GAVE and systemic sclerosis (SSc) has been clearly estab-
lished in recent years, and several studies have shed light 
upon the prevalence, significance and prognosis of such an 
association.

Figure 18.1 Endoscopic appearance of gastric antral vascular ecta-
sia (GAVE): multiple longitudinal stripes of red vessels involving 
the gastric antrum and converging to the pylorus
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 Epidemiology

After Jabbari et al accurately described it in 1984 [1], GAVE 
has increasingly been associated with scleroderma and SSc- 
related features in the subsequent years [4–6].

To date, the prevalence of GAVE in patients with SSc is 
estimated between 1% and 22.3%, varying largely according 
to the different studies [7, 8]. The differences may be mostly 
accounted to the design of the study (i.e. retrospective or 
prospective) and the selection of the patients (i.e. whether 
patients were systematically screened or not regardless of the 
presence of symptoms).

Overall, retrospective studies report a lower prevalence 
(1–5.7%) [7, 8] than the prospective Scleroderma 
Cyclophosphamide Or Transplant (SCOT) trial that system-
atically assessed all patients by endoscopy regardless of clini-
cal symptoms (22.3%) [9].

In most of the studies, GAVE appears to be an early com-
plication of SSc, since on average it occurs within the first 
18–36 months after the diagnosis of SSc [8, 10]. In 15–20% of 
the cases, the diagnosis of GAVE may precede or be concur-
rent to that of SSc [7, 11]. Finally, in up to a third of SSc 
patients GAVE may represent the first non-Raynaud symp-
tom [8].

 Pathogenesis

The etiology of GAVE is still largely unknown [3]. However, 
several mechanisms have been suspected to be involved in 
the pathogenesis of watermelon stomach, including altered 
motility of the gastric antrum and mucosal trauma secondary 
to mechanical stress [3]. The role of vasoactive substances is 
uncertain, but locally released neurotransmitters may be 
responsible for vasodilatation and hence the propensity to 
bleed [12].
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The microscopic features of GAVE further suggest that 
vascular ectasia is acquired rather than congenital. Several 
histopathological aspects have been described, including dila-
tation of mucosal capillaries with focal fibrin thromboses and 
fibromuscular hyperplasia of the lamina propria [13].

In SSc, GAVE may represent a complication belonging to 
the spectrum of vascular alterations, along with Raynaud’s 
phenomenon, telangiectasias, pulmonary and renal vascular 
involvements [8].

 Clinical Aspects

The clinical presentation of GAVE is related to its pathologi-
cal aspects. Submucosal ectasic vessels can erode through the 
gastric mucosa, leading to chronic blood loss and substantial 
iron deficiency anemia. GAVE is responsible for around 4% 
of non-variceal upper gastrointestinal bleedings [14], with a 
substantial proportion of patients (60–70%) requiring blood 
transfusions due to recurrent anemia despite iron 
supplementation.

In SSc-associated GAVE, clinically meaningful anemia 
may develop in about 80–90% of patients, with half of them 
requiring blood transfusions [8]. Acute hemorrhage in the 
form of melena or hematemesis may be the first presentation 
of GAVE in few cases [7].

Several studies reported significant clinical associations 
between GAVE and SSc features. SSc patients with GAVE 
appear to have a low prevalence of anti-topoisomerase I anti-
bodies [8–10], and a lower proportion of them exhibit pulmo-
nary fibrosis on chest CT scan [8].

Conversely, anti-RNA polymerase III (RNAP III) positiv-
ity appears to be significantly associated to GAVE, as 
 confirmed by several studies [8, 10, 15]. Patients that are posi-
tive to anti-RNAP III antibodies carry a significant higher 
risk of developing GAVE (OR 4.6, 95%CI 1.2–21.1) and 
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other vascular events such as scleroderma renal crisis and 
pulmonary hypertension [8], and are more likely to have a 
shorter disease duration, a more rapid disease onset (defined 
as the interval from appearance of Raynaud’s phenomenon 
to first symptom other than Raynaud’s) and faster skin thick-
ening in the first months after SSc onset, compared to anti- 
topoisomerase I positive patients [10, 15]. Furthermore, 
patients with early diffuse cutaneous subset (dcSSc) seems to 
have a higher risk of developing GAVE [9, 10], although this 
has not been confirmed in all studies [8].

Finally, SSc patients with GAVE have a higher prevalence 
of telangiectasias and systemic hypertension [7, 8, 10].

At the functional level, patients with GAVE more fre-
quently exhibit a diminished diffusing capacity (DLCO) 
with a low DLCO/alveolar volume (DLCO/AV) ratio at 
pulmonary function tests, suggesting an underlying vascular 
pulmonary involvement in these patients [8, 9]. Taken 
together, these data indicate that GAVE may be a signifi-
cant manifestation of the “vascular phenotype” of SSc, along 
with renal, pulmonary and cutaneous vascular complica-
tions [8, 9].

 Diagnosis

The diagnosis of GAVE is usually supported by the endo-
scopic appearance [14]. In long-standing diseases, gastroscopy 
may disclose the typical watermelon stomach characterized 
by prominent, erythematous stripes, radiating in a spoke-like 
fashion from the antrum to the pylorus, but in early stages the 
findings may be limited to multiple red spots or linear red 
stripes in the antrum (Fig. 18.1) [11].

Routine histopathological examination is not required for 
a definite diagnosis, but it may be useful for cases in which the 
diagnosis is uncertain, or when other diseases (i.e. antral gas-
tritis) need to be investigated.
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 Management

Although in the last two decades several therapeutic options 
have become available for GAVE-related gastrointestinal 
bleeding, the management of watermelon stomach remains a 
challenging issue. Therapeutic options include medical, endo-
scopic and surgical procedures [14].

 Medical Management

Different medical treatments have been proposed for the 
management of GAVE-related bleeding, though evidence is 
weak. Corticosteroids [16], thalidomide [17], tranexamic acid 
[18], octreotide [19] and hormone replacement [20] have been 
occasionally reported to be successful, mostly in individual 
case reports, but their efficacy may be limited because of the 
development of adverse events.

Cyclophosphamide (CYC), with or without intravenous 
methylprednisolone, may be effective for the resolution of 
GAVE-related bleeding in SSc patients as reported by sev-
eral case reports and case series [21–25]. These patients were 
mostly refractory to conventional endoscopic treatments, and 
CYC was able to achieve stable hemoglobin levels. Due to its 
unfavorable safety profile, CYC should be reserved for 
patients with refractory disease.

Autologous hematopoietic stem cell transplantation 
(HSCT), that recently became a treatment option for SSc 
patients [26], may also be effective for SSc-related GAVE. In 
a series of three patients with persistent bleeding despite 
multiple endoscopic treatments, HSCT was successful to 
achieve transfusion independence and maintain stable 
hemoglobin at 1 year. Interestingly, the surveillance endos-
copy showed significant improvement of vascular ectasia 
[27].

D. Benfaremo et al.



217

 Endoscopic Management

Endoscopy is the treatment of choice for the management of 
GAVE-related gastrointestinal bleeding [14]. Endoscopic 
techniques have also been successfully applied in patients 
with SSc [7, 8].

Treatments modalities that have been proven to be useful 
in GAVE include thermal and mechanical methods, with 
meaningful success rates and acceptable safety profiles 
(Table 18.1).

Table 18.1 Endoscopic treatment for gastric antral vascular ectasia

Method

Bleeding 
cessation 
ratea

Mean 
number of 
sessions

Complicationsb

Cryotherapy 50–71% 2–6 Major: ~0%; 
minor 0–8%

Nd: YAG laser 60–100% 1–5 Major 0–13%; 
minor ~0%

Argon plasma 
coagulation

30–100% 2–6 Major: ~0%; 
minor ~0%

Endoscopic band 
ligation

65–95% 2–3 Major: ~0%; 
minor 8–12%

Radiofrequency 
ablation

67–86% 2–3 Major ~0%; 
minor 1–2%

Reproduced from Hsu WH, Wang YK, Hsieh MS, Kuo FC, Wu MC, 
Shih HY, et al. Insights into the management of gastric antral vascu-
lar ectasia (watermelon stomach). Therap Adv Gastroenterol. 
2018;11:1–9
Nd: YAG, neodymium-yttrium-aluminium garnet
aDefinition of bleeding cessation: rising hemoglobin level and no 
requirement for blood transfusion
bMajor complication: death, perforation, stenosis; minor complica-
tion: gastrointestinal upset
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Endoscopic treatments are usually considered effective if 
they are able to improve gastrointestinal bleeding, achieving 
bleeding cessation, a condition in which hemoglobin levels 
rise and blood transfusions are no longer required [14].

Cryotherapy is an endoscopic technique using nitrous 
oxide to apply an extremely cold temperature on affected tis-
sue and achieve hemostasis by thermal destruction or necro-
sis of the mucosa [14].

Two small studies demonstrated limited efficacy of cryo-
therapy on GAVE-related bleeding, with a cessation rate of 
50–71% after a median of 2–6 sessions of treatment [28, 29].

Neodymium-yttrium-aluminum garnet laser coagulation 
(Nd: YAG) laser is a thermal device that causes tissue 
destruction by absorption of laser light without direct contact 
[14]. The efficacy of Nd: YAG laser in stopping bleeding and 
decreasing the requirement for blood transfusions ranges 
between 60% and 100% after a median of 1–4 sessions [30–
32]. However, Nd: YAG lasers have been largely replaced by 
other treatment modalities because of higher cost and serious 
complications, such as perforation, antral narrowing, and 
mortality, compared to other treatment modalities [14].

Argon plasma coagulation (APC) is another thermal 
method that has gradually become the treatment of choice 
for GAVE. APC produces high frequency electrical current 
flows to achieve tissue coagulation by using ionized argon gas 
(plasma) as a medium. Compared with Nd: YAG lasers, APC 
is easier to apply and safer due to its favorable side-effect 
profile, and less expensive [14].

Several studies demonstrated that APC is effective in 
GAVE, with variable bleeding cessation rates (30–100%), but 
also reported that usually repeated endoscopic sessions are 
warranted [33–35]. APC may be unsatisfactory in long-term 
follow-up and yield high bleeding recurrence rates [36–38]. 
The recurrent bleeding following APC may be related to its 
limited depth of mucosal coagulation [14]. Although APC 
presumably has a favorable side effect profile due to its non-
contact method and limited depth of mucosal injury, some 
major complications are still a concern. Gastric outlet obstruc-
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tion and hyperplastic polyps were reported as serious adverse 
events after APC treatment [39, 40].

Radiofrequency ablation (RFA) is another thermal 
technique that has been recently proposed as treatment 
modality for GAVE. The principle of RFA is to apply high-
energy coaptive coagulation to destroy the superficial 
mucosal capillary ectasia with the subsequent regeneration 
of epithelium composed of a normal capillary structure 
[14]. RFA has a success rate of 67–86% in achieving bleed-
ing cessation after a median of 2–3 sessions, with a low rate 
of minor complications [41–43]. The minimal time interval 
of 6  weeks between each treatment session is recom-
mended and proton pump inhibitors should be prescribed. 
RFA appears to be a well- tolerated and feasible method 
for patients with GAVE with poor response to other treat-
ment modalities [14].

Among mechanical methods, endoscopic band ligation 
(EBL), usually used for the treatment of esophageal varices, 
may be also effective for GAVE-related bleeding [14]. In ret-
rospective studies, EBL showed higher rates of bleeding ces-
sation and fewer treatment sessions compared to APC, 
whereas in prospective studies EBL reached a 95% success 
rate for bleeding cessation [44–47]. EBL appears to be safe 
and well tolerated and thus it may be an option for the treat-
ment of patients refractory to thermoablative methods.

 Surgical Treatments

With the advances of endoscopic techniques, surgery is now 
reserved for patients that fail to improve despite medical and 
endoscopic treatments [14]. Surgical approaches include 
antrectomies (with Billroth I, II, and Roux-en-Y reconstruc-
tions), partial gastrectomy, total gastrectomy and esophago-
gastrectomy [48]. The results of surgical hemostasis are 
usually satisfying but several complications may develop, 
such as late dumping syndrome, nutritional deficiencies and 
death [14].
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 Prognosis

The natural history of SSc-associated GAVE has not been 
fully elucidated given the paucity of data. Bleeding recur-
rence and transfusion dependence are common issues in 
patients with long-standing disease [7, 8, 11]. The median time 
of GAVE recurrence is 10 months after the initial diagnosis 
[7].

These issues may be overcome by planning re-treatment 
endoscopic sessions or integrating different endoscopic tech-
niques and medical therapy [7].

Although frequently associated with the positivity of anti- 
RNAP III antibody, that is burdened with substantial mor-
bidity, characterized by the rapid evolution of skin thickening 
and the occurrence of scleroderma renal crisis, the presence 
of GAVE does not appear to impact on mortality of SSc 
patients, at least in the study with the longer follow-up 
(30 months) [8].

 Conclusion

GAVE is a rare but burdensome complication that appears to 
belong to the broad spectrum of vascular alterations of SSc. 
The presence of watermelon stomach should be considered 
when unexplained iron-deficiency anemia occurs in SSc 
patients, especially in patients with early diffuse skin involve-
ment. Given the close association of GAVE and anti-RNA 
polymerase III antibodies, screening these high risk patients 
with endoscopy should be considered even in absence of ane-
mia or gastric-related symptoms. Endoscopic treatment is 
effective, safe and well tolerated in patients with SSc-related 
GAVE with significant bleeding.
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 Introduction

Oropharyngeal features are frequent but understated in the 
treatment guidelines of systemic sclerosis (SSc) in spite of 
important consequences on comfort, aesthetics, nutrition and 
daily life [1]. Patients do not easily express their needs in 
dental care and this aspect may be left out when other serious 
systemic symptoms appear, minimising the impact of oral 
involvement on the quality of life and long-term life 
expectancy.

Moreover, literature showed that significant depressive 
syndromes among SSc patients reduced daily oral upkeep, 
suggesting the fact that significant oral neglect can alert clini-
cians [2].
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The three main features reported in literature and clinical 
practice are a severe limitation of mouth opening, periodon-
tal diseases and an increased xerostomia (sometimes due to 
secondary Sjögren’s syndrome). The other disorders reported, 
although less frequently, are temporomandibular joint symp-
toms, high caries experience and oral cavity/ pharynx 
cancer.

 Limitation of Mouth Opening

 Description

Microstomia is defined as an abnormally small oral orifice: 
an inter-labial distance less than 45 mm or an inter-incisor 
distance less than 40  mm [3, 4] (Fig.  19.1). It is the most 
frequently reported oral consequence of SSc in literature 
[1]. Mouth-related disability was proven to contribute to 
35% of the variance in global disability [5]. Mouth opening 
seems to be the main factor implicated in this global 
assessment.

Mouth opening limitation is due to the interaction of vari-
ous mechanisms (fibrosis, atrophy, …) on different tissues 
(temporomandibular joints, lips, tongue, …). A thorough 
analysis of all criteria is required to specify the aetiology.

Although temporomandibular joint involvement is com-
mon in SSc, it is difficult to determine which role it exactly 
plays in the limitation. Limitation of mouth opening and 
reduced movement of the cheeks and tongue usually leads to 
a poor oral health [6, 7].

 Reported Symptoms

Patients complain of difficulties for opening the mouth and 
restricted mouth widening, talking (difficulty to speak 
clearly), closing the lips. Night oral inocclusion leads to an 
indirect increase in xerostomia.
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Performing oral self-care becomes challenging and painful; 
professional oral care can be complicated as well [8].

 Clinical Signs

Tightening of perioral skin and inocclusion of the lips at rest 
are the most obvious signs. Most patients exhibit difficulty 
during movements, and a reduced inter-incisor distance [6, 9]. 
Masseter atrophy can be observed as well, associated with a 
modification of the muscle and bone morphology [10].

Figure 19.1 Microstomia
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 Management

Multidisciplinary programmes might improve mouth open-
ing: they consist of mouth and hand exercises combined 
with regular dental check-ups (52–53). Physiotherapy could 
bring back some elasticity, less discomfort, possibility to 
close the lips. Hydrating lips before an oral examination or 
surgery is a simple but effective measure to limit discomfort 
during care.

 Xerostomia

 Description

Xerostomia is a symptom defined by a dry mouth, resulting 
from reduced or absent saliva flow [9, 11–15]. Fibrosis of sali-
vary glands leads to xerostomia. It is detected in approxi-
mately 70% of patients with SSc [16, 17]. It can worsen in the 
presence of gastro-oesophageal reflux disease (GERD), a 
systemic complication often encountered in patients with 
SSc, as well as labial inocclusion (due to perioral skin 
tightening).

Biochemical modifications of the saliva were pinpointed 
by a statistically significant decrease in the specific peroxi-
dase of the unstimulated saliva (ranging from 0.00003 to 
0.00011 IU/100 mg) (14, 17).

Secondary Sjögren’s syndrome (SS) was found in 10.4%–
33.9% of SSc patients (10, 21, 24).

 Reported Symptoms

Xerostomia or dry mouth syndrome is often reported by 
patients with the following criteria: a sticky and dry feeling in 
the mouth, swallowing difficulties, need to drink a lot, insta-
bility of dentures, burning sensation in the mouth, difficulty 
to eat acidic or spicy foods, troubles with tasting and speak-
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ing. Many patients also report the need to often wake up at 
night to drink.

A few simple questions can assess xerostomia (Table 19.1).

 Clinical Signs

Dry and red tongue and mucosa are often observed and lips 
may stick together. Remaining saliva is usually thick and 
sticky.

Objective measures show significant low unstimulated 
flow rate (<1.5 mL/15 min).

According to the American-European Consensus Group 
(AECG) classification, in patients with another connective 
tissue disease, the presence of item I (ocular symptoms) or II 
(oral symptoms) plus any two from among items III (ocular 
signs), IV (histopathology) and V (objective evidence of sali-
vary gland involvement) may be considered as indicative of 
secondary Sjögren’s syndrome (25).

Inadequate salivary flow compromises the buffering within 
the oral cavity and allows:

 – Erosion (acidity coming from extrinsic sources such as 
alimentation or intrinsic sources such as gastro- oesophageal 
reflux) (Fig. 19.2).

 – Caries to develop (acidity produced by bacterial metabo-
lism) (Fig. 19.2).

 – Candidiasis [15].

Table 19.1 Questionnaire assessing xerostomia (initially made by 
Fox et al. 1987)
  1. “Do you sip liquids to aid in swallowing dry foods?”

  2. “Does your mouth feel dry when eating a meal?”

  3. “Do you have difficulties swallowing any foods?”

  4.  “Does the amount of saliva in your mouth seem to be too 
little?”

The presence of dry mouth is indicated by a positive response 
to at least one question.

Chapter 19. Management of Orofacial Complications



232

 Management

The main purpose of xerostomia management is to improve 
patients’ oral comfort. Salivary substitutes containing hyal-
uronic acid are available in different presentations (gels, 
mouth sprays, mouthwashes) to accompany the patient 
throughout the day.

Nutritional advice to avoid irritant foods such as coffee, 
spices or alcohol can limit aggression of an already fragile 
mucosa (lack of salivary film protection).

Hyposialia can be managed by the prescription of oral 
pilocarpine hydrochloride [18]. The starting dose is 4 mg and 
is progressively increased to reach a maximum of 12 mg/day. 
A systematic follow-up at 4 to 8 weeks is necessary to confirm 
the efficacy of the treatment and avoid side effects.

 Periodontal Diseases

 Description

Periodontitis is a chronic multifactorial inflammatory disease 
associated with dysbiotic plaque biofilms and characterised 
by progressive destruction of tooth-supporting tissues [19].

This is to be distinguished from gingivitis, which is a revers-
ible superficial gum inflammation without attachment loss 
(does not lead to tooth loss).

Tooth decay (cavity)
and plaque

Dry gum

Erosive
lesion

Figure 19.2 Oral consequences of xerostomia
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Gum inflammation and periodontitis in SSc patients may 
result from difficulties in ensuring a good oral hygiene 
(because of microstomia as well as handgrip impairment 
induced by sclerodactyly), altered capillary vascularisation 
[20] and dry mouth.

First, periodontitis and SSc have many similarities: a 
chronic and progressive course,

comparable pathogenesis pathways such as microvascular 
abnormalities, inflammation and fibrosis with a major impact 
on soft and hard tissues, and elevated levels of pro- 
inflammatory cytokines such as TNFα, IL-6 and IL-1 [21].

Furthermore, a correlation was found between the plaque 
index (PI) and sclerodactyly [22]. These results imply that 
sclerodactyly complicates oral hygiene and leads to an accu-
mulation of plaque, accelerating the progression of 
periodontitis.

This multifactorial relationship between periodontitis and 
SSc remains of uncertain aetiology and requires further 
research to specify underlying mechanisms.

 Reported Symptoms

Patients usually report discomfort, gum bleeding when tooth- 
brushing or flossing, tooth mobility or flaring, halitosis, teeth 
that look longer than normal, and in extreme situations spon-
taneous tooth loss.

 Clinical Signs

Clinical signs include red and swollen gums due to the accu-
mulation of plaque and calculus (especially in interdental 
spaces), gum recessions exposing the roots, gums that bleed 
easily and tooth mobility (Fig. 19.3). Periodontal examination 
using a periodontal probe highlights the presence of peri-
odontal pockets and clinical attachment loss which are indi-
cators of periodontitis.

A list of criteria is provided in Table 19.2.
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 Management

The main purpose is to ensure daily oral hygiene to avoid the 
accumulation of plaque. SSc patients often have difficulties 
mainly because of microstomia and sclerodactyly. Specific 
products are available such as manual toothbrushes with 
large handles. Electric toothbrushes (also called power tooth-
brush) enable less wrist movement thanks to an oscillating 
and rotating technology of the head combined with a larger 
handle (Fig. 19.4).

General dental practitioners can provide professional care 
of periodontal disease with scaling, a careful periodontal 
assessment and specific periodontitis treatment if needed 
(non-surgical root planing). Periodontists are practitioners 

Plaque accumulation

Gingival recession

Swollen gum

Figure 19.3 Clinical signs of periodontal disease

Table 19.2 Signs and symptoms of periodontal disease
  1. Red, swollen gums.

  2. Bleeding provoked by brushing, flossing, eating or 
spontaneous.

  3. Pus between gum and teeth.

  4. Persistent bad breath.

  5. Lengthening of the teeth (gum recession).

  6. Tooth mobility, tooth displacement, loose permanent tooth.
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who specialise in the prevention, diagnosis and treatment of 
periodontal disease, as well as in the placement of dental 
implants. SSc patients should be referred to periodontists 
since they often display severe periodontal disease as well as 
a complex medical history.

Regular periodontal maintenance (every 3 months) pre-
vents the progression of existing disease and provides a 
regular check-up of dental structures (prevention of tooth 
decay).

Figure 19.4 An example of manual toothbrush with a large foam 
handle
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 Clinical Case

We report the case of a 50-year-old woman presenting a dif-
fuse systemic sclerosis for 10 years.

She reports dental pain when eating or drinking cold 
food as well as difficulties to eat, swallow and brush her 
teeth. Since she lost posterior teeth, mastication is difficult 
and sometimes painful. She also describes a significant aes-
thetic prejudice and only smiles by putting her hand in front 
of her mouth.

The oral features are:

 – Labial inocclusion (A), with an effort to compensate by 
contracting chin muscles.

 – Swollen gums, plaque accumulation signing the presence 
of periodontal disease (B).

 – Tooth loss and decayed teeth (C).

a b

c
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These are the steps of the multidisciplinary management:

 – Microstomia: physiotherapy to soften perioral skin and 
obtain labial occlusion.

 – Xerostomia (due to labial inocclusion): hyaluronic acid- 
based mouth gel.

 – Periodontal disease: Professional cleaning and prescrip-
tion of specific material (brush with larger handle, inter-
dental brushes with grips, …).

 – Tooth decay: Non-restorable teeth were removed.
 – Impaired mastication and Aesthetics: To enable the reali-

sation of dentures (prosthetic space), it was decided to 
remove the remaining teeth and realise removable com-
plete dentures (D, E, F).

d e

f

g

 

Thanks to all these steps, the patient was able to get com-
fort (no more dental pain), mastication and aesthetics by 
having her smile back (G).
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 Conclusion

Poor oral health is common in SSc and a major source of pain 
and discomfort. It was shown that oropharyngeal features 
critically impair patients’ already altered quality of life with a 
major impact on confidence, daily life and nutrition [23].

Nutrition involvement is led by the vicious circle initiated 
by salivary secretion (Fig. 19.5).

Specialised physicians should be able to recognise patients 
needing oral care to address them quickly. A dental examina-
tion following the diagnosis of systemic sclerosis could be 
systematic and be part of the annual check-up in the same 
time as cardiac and pulmonary assessment. Early manage-
ment of oral consequences, using a multi-disciplinary 
approach, avoids traumatic and invasive treatments.

Dysphagia

Less salivary
secretion

Mouth
consequences 

Tooth decay
Periodontal

disease

Tooth loss

Impaired
mastication

Impaired
digestion

Nutritional
involvement

Figure 19.5 Vicious circle linking oral involvement in systemic scle-
rosis and malnutrition
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Oral and facial manifestations associated with sclerodac-
tyly may result in rapid decline. Maintenance of existing den-
tition is important because microstomia can make prosthetic 
replacement difficult.
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 Prevalence of Malnutrition in Systemic 
Sclerosis

Prevalence of malnutrition in SSc was reported to be variable 
with a range between 10.9 and 55.6% and these differences 
are mainly linked to the detection method used. The most 
used tool to define malnutrition in SSc research was the 
Malnutrition Universal Screening Tool (MUST). MUST is a 
risk score which assigns the value ranging from 0 to 2 to body 
mass index (BMI), specifically BMI > 20.0 = 0, 18.5–20.1 = 1, 
< 18.5 = 2. A second set of 0 to 2 values are assigned to weight 
loss defined as unplanned weight loss in the past 3–6 months. 
A weight loss <5% = 0; 5%–10% = 1: >10% = 2. The values 
for BMI and weight loss are then summed for the total score, 
which is interpreted as follows: risks for malnutrition are low 
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for MUST score of 0, moderate for MUST score = 1, and high 
for MUST score ≥ 2 [1]. Independently of BMI and weight 
loss the MUST also includes a value of 2 and therefore high 
risk of malnutrition if there has been or is likely to be no 
nutritional intake for 5 days or more.

According to the studies that used MUST, a high risk of 
malnutrition is detected in 10.9/29.2% of SSc patients [2–6].

Another study assessed malnutrition by bioelectrical 
impedance analysis (BIA), which detects electrical conduc-
tivity of fat and lean tissue and measures the resistance (R) 
and reactance (Xc), and their relationship to acquire the 
Phase Angle (PhA). A PhA <5° was reported to reflect 
malnutrition [7] .According to this method, Krause et  al. 
found that 55.6% of SSc patients are affected by malnutri-
tion [7].

The prevalence of malnutrition remained similar (50%) 
when another tool has been used, the Subjective Global 
Assessment (SGA), which is based on history of recent 
intake, weight change, gastrointestinal symptoms and a clini-
cal evaluation [5].

Other studies used an arbitrary BMI to define malnutri-
tion in SSc (<19 or < 20 kg/m2) with a reported prevalence 
between 13.7 and 19.2%. Also weight loss was used as an 
outcome, still with arbitrary measures (≥5% in the previous 
3 months or ≥ 10% in the previous 6 months) providing again 
very wide disagreement in the clear definition of the preva-
lence of malnutrition is SSc [4, 8]. This indeed was proven by 
the low rate of prevalence (8.3%) [9] of malnutrition found in 
a study that used the combination of FFM and BMI to define 
malnutrition according to the most recent evidence provided 
by the ESPEN consensus (unintentional weight loss > 10% 
indefinite of time, or >5% over the last 3 months combined 
with either BMI <20 kg/m2 if <70 years of age, or <22 kg/m2 if 
>70 years of age or fat free mass index (FFMI) <15 and 17 kg/
m2 in women and men, respectively [10].

The heterogeneity of tools assessed and the recent stan-
dardisation by ESPEN clearly define the need for studies 
assessing malnutrition in SSc according to the recent interna-
tional standards.
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 Gastrointestinal Involvement 
and Malnutrition in Systemic Sclerosis

The most commonly reported cause of malnutrition indepen-
dently of the tool assessed to define it is severe gastrointesti-
nal involvement.

The gastrointestinal (GI) tract involvement occurs in 
75–90% of SSc patients, or even 98% according to a recent 
study [11], and is second in frequency only to the cutaneous 
involvement [12]. GI motility, digestion, absorption, continence 
and excretion can all be affected in SSc patients. GI symptoms, 
including pain, dysphagia, vomiting, diarrhoea, constipation, 
faecal incontinence and substantial weight loss, represent one 
of the main complaints in clinical practice and drivers of poor 
quality of life [13].

Severe GI involvement is usually defined as malabsorp-
tion, repeated episodes of pseudoobstruction, or severe 
problems requiring hyperalimentation. It affects only 8% 
of scleroderma patients, but when present carries a high 
mortality with only 15% of such patients surviving after 
9  years [14]. In addition, 3–12% of  overall SSc-deaths are 
related to gastrointestinal complications and severe malnutri-
tion confers an HR of 3.77 for mortality [15, 16].

The most common GI manifestations reported as causes of 
malnutrition included oropharyngeal disorders, such as xero-
stomia or microstomia, a reduced mouth opening due to severe 
skin thickening which hinders food intake [17]. Indeed, Baron 
et al. reported on a cohort of 586 Canadian SSc patients a sig-
nificant correlation between oral aperture size and malnutri-
tion risk [3]. Another interesting study reported that xerostomia, 
in association with a reduced range of motion of the hands, was 
also linked to malnutrition because of reduced effective dental 
hygiene and mastication while promoting oral bacterial infec-
tions, dental caries and subsequent tooth loss [18].

Interstingly, despite the most frequently reported GI 
symptoms are linked to esophageal dysmotility [19], the same 
Canadian study mentioned above, showed no association 
between esophageal involvement symptoms including dys-
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phagia or reflux and malnutrition risk, as assessed by the 
Malnutrition Universal Screening Tool (MUST) score [3].

On the contrary, dysmotility affecting the stomach and 
causing symptoms such as early saziety, nausea and vomiting, 
was significantly associated with malnutrition risk on bivari-
ate analysis [3].

In this view, the scope of prokinetics, commonly used in clini-
cal practice [20–22] and recently included in the most recent 
EULAR recommendations for the treatment of GI manifesta-
tions of SSc [23], could extend to the prevention of malnutri-
tion, although there are no specific studies in this regard.

SSc may involve the colon and anorectum leading to a 
delayed colonic transit. Colonic dysmotility might eventually 
provoke severe pseudo-obstruction which impairs eating by 
inducing postprandial symptoms requiring parenteral nutri-
tion support [24].

Another GI complication of SSc is exocrine pancreatic 
insufficiency and in a study involving 16 consecutive patients 
(dcSSc), 4 had a clinically relevant reduced exocrine function 
[25]. Untreated pancreatic insufficiency causes malabsorp-
tion, steatorrhea and results in weight loss [24].

The occurrence of autoimmune GI comorbities in SSc, 
such as primary biliary cirrhosis (PBC), which has an increased 
prevalence in SSc, especially in lcSSc [26], and the resultant 
cholestasis, can impair the absorption of fat and induce lipo-
soluble vitamin deficiency [27]. However, there are no reports 
of associated nutritional compromise in SSc related to these 
group of comorbidities.

 SIBO and Malnutrition

Small intestinal bacterial overgrowth (SIBO) is a common 
manifestation in SSc with a reported prevalence of 18–55% 
[28]. The diagnosis should be suspected with a clinical presen-
tation characterized by abdominal pain or discomfort, bloat-
ing, diarrhoea, constipation and abdominal tenderness and it 
could lead, if untreated, eventually to malnutrition due to 
malabsorption [29].
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No connection was found between the occurrence of 
SIBO and the disease form of SSc (diffuse vs. limited), while 
it was reported that antibodies against topoisomerase I (Scl-
70) were less frequent in SSc patients with SIBO [30].

In one study comprising 37 SSc patients with GI com-
plaints, 14 patients were affected by SIBO. These SIBO SSc 
patients had a longer disease duration than those who were 
unaffected with a median of 11 vs. 7  years, respectively 
(P = 0.02) [30]. The same patients also experienced significant 
weight loss within 6  months, 2 died for severe malnutrition 
and scored higher on the University of California Los Angeles 
Scleroderma Clinical Trial Consortium Gastrointestinal Tract 
Instrument 2.0, a questionnaire, which includes 34 items and 7 
multi-item scales (reflux, distention/bloating, diarrhea, fecal 
soilage, constipation, emotional well-being, and social func-
tioning) and provides a total GIT score to assess health-
related quality of life and GIT symptoms severity in SSc.

The actual role of SIBO in malnutrition or weight loss 
could be underestimated because of the low sensitivity of the 
most commonly diagnostic methods.

The gold standard for SIBO diagnosis is the aspiration of 
small bowel fluid for culture and following bacterial count. In 
this context SIBO is diagnosed when there are ≥ 105 (CFU)/
ml (colony forming units). However, this diagnostic tool is 
flawed by false-positives due to the potential contamination 
with oral and oesophageal flora and false-negatives due to the 
limitation to reach the relevant portion of the small bowels.

More commonly, the diagnosis of SIBO is primary made 
using breath testing being a non-invasive and relatively inex-
pensive alternative. This is done by ingesting various carbo-
hydrate substrates such as glucose (sensitivity 20–93%, 
specificity 30–86%) or lactulose (sensitivity 31–68%, specific-
ity 44–100%), which are then broken down by intestinal 
microbes, producing gases like hydrogen and methane. These 
gases enter the circulatory system and are expired via the 
lungs where they can be measured and the concentrations 
can be compared before and after the meal.

Antibiotics and prokinetics should be avoided, for 4 weeks 
and 1 week respectively, as they can alter the results of the 
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test, while proton pump inhibitors (PPIs) prior to testing are 
believed to not alter the results.

The most recent EULAR recommendations suggest to pre-
scribe prokinetics for symptomatic motility issues and rotating 
antibiotics for malabsorption due to SIBO, despite data for the 
treatment of SIBO in SSc are limited and guidelines have been 
extrapolated from SIBO in other populations [31].  Metronidazole, 
amoxicillin with clavulanic acid, cotrimoxazole, ciprofloxacin, 
norfloxacin and rifaximin are medications being used for the 
treatment of SIBO. A common approach is based on the oral 
administration of amoxicillin during the first month (500  mg 
3×/24 h), ciprofloxacin during the second month (500 mg 2×/24 h) 
and metronidazole during the third month (500  mg 3×/24  h). 
Particular interest and high expectations are coming from rifaxi-
min, nonabsorbable in the digestive tract and with bactericidal 
activity, which is currently under evaluation in SSc.

Apart from SIBO, also dysbiosis was recently studied in 
SSc and linked to malnutrition. In this study, dysbiosis has 
been defined by generating genomic data on the intestinal 
microbiota composition by using 54 bacterial ribosomal RNA 
probes specific for various intestinal bacterial species or 
clades [32]. In this study, among 19 patients at risk for malnu-
trition according to the MUST score, 18 exhibited dysbiosis, 
while only one patient out of 24 with a negative dysbiosis test 
was at risk for malnutrition.

 Clinical Features of SSc Patients at Risk 
of Malnutrition

Many factors may contribute to the development of nutri-
tional impairment in SSc.

Baron et al. reported in the larger study (n = 586) on mal-
nutrition in SSc research that diffuse disease subset, shorter 
disease duration, the number of GI complaints (poor appe-
tite, early satiety, nausea, constipation, and diarrhea), oral 
aperture and hemoglobin together with physician assessment 
of disease severity and possible malabsorption, and abdomi-
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nal distension at examination were predictors of malnutrition 
risk based on MUST score [3].

Several studies have suggested that depression and anxiety, 
altering the control of appetite, might influence nutritional 
intake and consequently might contribute to malnutrition or 
weight loss. The prevalence of depression in SSc is variably 
reported to affect 19–69% of patients with SSc [33, 34]. 
Indeed, depression is more frequent in SSc when compared to 
the adult populations (2.6–3.2%), and also compared to indi-
viduals with two or more common chronic physical diseases 
(23%) [35]. Similarly, up to 80% of patients with SSc, reports 
anxiety compared with 4.4% of the general adult population.

Depression and/or anxiety may impair nutrition by 
decreasing appetite or by negatively impacting on crucial 
activities, such as food preparation.

The occurrence of digital ulcers, observed in up to 58% of 
patients [36], may also influence food intake and preparation, 
by causing pain, which subsequently alters functional status 
and the ability to eat [37]. In addition, the severity of lung 
involvement, fatigue and myalgia are all factors that influ-
ence global disability, further worsening the functional status 
of SSc patients [3] [6].

 Clinical Management of Malnutrition in SSc

It seems reasonable, according to the evidence that malnutri-
tion has multifactorial causes and increases the risk of mor-
tality, that all patients with SSc should be screened for 
malnutrition. An history of weight loss should be investigated 
to identify unintentional events.

A general rule of thumb was identified by the North 
American expert panel for a relevant weight loss: 1–2% in the 
previous week, >5% in the previous month, >7.5% in the pre-
vious 3 months and > 10% in the previous year [38].

SSc patients should be screened using a questionnaire such 
as the MUST questionnaire, but it appears more appropriate 
to evaluate weight changes compared to last visit, and mea-
sure body mass index (BMI). If BMI cannot be measured, it 
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may be estimated by measuring mid upper arm circumfer-
ence (MUAC). A MUAC less than 23.5 cm estimates BMI to 
be less than 20 kg/m2 (underweight).

This evaluation should be paralleled by the assessment of 
GI involvement by using the most widely accepted question-
naire developed at the University of California at Los Angeles 
[39]. Laboratory assessment should include: hemoglobin, vita-
min A, B, folic acid and ferritin. A recent study showed that 
malnourished SSc patients have lower FVC and DLCo values, 
longer disease duration and lower haemoglobin levels [40]. 
Haemoglobin may indicate nutritional deficiency such as iron, 
folic acid or vitamin B12, while serum carotene might be 
indicative of fat malabsorption and serum folate might be 
elevated in bacterial overgrowth. Measurement of pre-albu-
min is more reliable (due to long-term protein stores) since 
albumin has a quick turnover and indeed, low levels of pre-
albumin is an independent predictor of mortality [41].

In addition, if malabsorption is suspected, the following 
tests should confirm the diagnosis: high levels of serum meth-
ylmalonic acid (MMA), decreased zinc levels, 25-OH vitamin 
D levels, vitamin K level or prothrombin time (PT).

Finally, oral health, saliva production and depressive symp-
tom should be screened. Specific comorbidities should be 
promptly treated to reduce the impact of malnutrition con-
tributors, such as xerostomia (artificial saliva or biotine prod-
ucts or pilocarpine in selected cases), esophageal disease (PPI 
with the possibility to double the dose and/or add ranitidine), 
gastric emptying disorders (domperidone or metoclo-
pramide). Dietist and gastroenterologist consult should be 
requested in order to address comorbidities and drive appro-
priate supplement therapy. Parenteral and enteral therapy is 
the last source for resistant cases.
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 Introduction

Systemic sclerosis (SSc)-related calcinosis is painful, disabling 
and disfiguring. At present there is no effective treatment. 
Approximately 20–40% of patients with SSc are affected [1–
8] and develop ‘lumps’ of subcutaneous or intracutaneous 
deposits of calcium salts (mainly hydroxyapatite and 
 carbonated apatite [9–11]). Calcinosis occurs mainly over 
pressure points (for example in the fingers, and over the 
extensor aspects of the elbow/forearm and knee) but can 
occur in other areas, for example the spine [12–14]. Areas of 
calcinosis can become infected, especially when they ulcerate 
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through skin. Although the most common form of SSc-
related calcinosis is ‘nodular’ or ‘tumoral’ (exemplified in the 
case history below) [15, 16], calcinosis can also occur in a lin-
ear pattern (in ‘sheets’) (Fig. 21.1).

The pathogenesis of SSc-related calcinosis is incompletely 
understood. It is not related to hypercalcaemia and is most 
likely dystrophic, with ischaemia [8] and mechanical pres-
sures [17] most likely contributing.

Following a case history to ‘set the scene’, we shall discuss 
epidemiology (including associates) of calcinosis, clinical and 
imaging features, and management. Areas of current research 
will not be discussed, although it is worth highlighting that 
calcinosis is no longer a neglected area of research—studies 
of pathogenesis, measurement and treatment are ongoing.

Figure 21.1 Plain radiograph 
showing extensive ‘sheet’  
calcinosis of the forearm
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 Case History

A 57  year old woman was assessed on an urgent basis in 
November 2018 because of worsening painful calcinosis of 
her right thumb and right index finger. She also complained 
of pain related to her left knee calcinosis. She had been ini-
tially diagnosed in 2005 as having dermatomyositis (when 
symptoms included new onset Raynaud’s phenomenon), 
treated with corticosteroids and azathioprine. In 2007 she 
developed features of SSc (puffy fingers, distal skin tightness 
and telangiectases) and was found to be anti-PM-Scl100 posi-
tive. Her calcinosis-related problems began around 2011 
(Figs. 21.2 and 21.3), and she had had previous surgical deb-
ulking of fingertip and right elbow calcinosis which at the 
time had successfully reduced her pain. She also had 
osteoporosis.

Treatment comprised daily azathioprine 150 mg, predniso-
lone 5 mg, sildenafil 125 mg in divided doses (for digital isch-
aemia), omeprazole 20  mg, calcium and vitamin D 
supplements, and annual intravenous zoledronate infusions. 
Prior to assessment in November 2018 she had already had 
two recent courses of oral antibiotics for infection related to 
the finger calcinosis.

On examination, she was afebrile. The thumb and index 
finger had calcinosis exposed at the skin surface with a yel-
lowish discharge and erythema, swelling and tenderness of 
the surrounding soft tissues. The left knee demonstrated hard 
irregular swelling typical of calcinosis (Fig. 21.3a). Other find-
ings included digital pitting, mild sclerodactyly, and multiple 
telangiectases.

She was admitted for 5 days of intravenous iloprost as this 
had been symptomatically beneficial in the past for the finger 
tip pain (she had severe digital ischaemia in addition to the 
calcinosis). A further course of oral flucloxacillin was pre-
scribed, with improvement in the soft tissue infection. On this 
occasion the hand surgeon advised a conservative approach. 
Plain radiograph of the left knee showed extensive calcinosis 

Chapter 21. Calcinosis



258

(Fig.  21.3b), previously well demonstrated on computerised 
tomography (CT) scanning (Fig. 21.3c).

Given the impact on her life of the calcinosis, the patient 
chose to commence once weekly intravenous infusions of 

a

b c d

Figure 21.2 (a) Hand radiograph showing extensive soft tissue cal-
cification including of the right thumb and index finger. (b) Infected 
calcinosis of right thumb. (c) Right thumb and (d) right index finger 
tip showing swelling due to calcinosis (which was hard on palpation) 
and extrusion of calcinotic material through skin (these photographs 
were taken 1 month following surgical debridement in March 2018: 
the lesions subsequently healed)
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25 g sodium thiosulphate. She knew that although there was 
no good evidence base for this approach, some patients had 
reported benefit. However this was discontinued after 2 
doses due to severe nausea and vomiting unresponsive to 
cyclizine and ondansetron.

a

b c

Figure 21.3 (a) Irregular swelling indicating calcinosis anterior to 
the left knee. (b) Radiographs of the left knee (anteroposterior and 
lateral views) showing extensive calcinosis. (c) Earlier CT scan (sur-
face rendered reconstruction) demonstrating the extensive subcuta-
neous calcification anterior to the knee
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 Epidemiology (Including Associates) 
of Calcinosis

Prevalence depends on how calcinosis is defined and how 
carefully it is searched for: in some patients it is subclinical 
(detected only on imaging). Although it was previously 
believed that calcinosis occurs mainly in the limited cutane-
ous subtype of SSc (hence the ‘C’ of ‘CREST’) patients with 
diffuse cutaneous SSc are also commonly affected [2, 8], espe-
cially later on in the disease course. The longer the disease 
duration, the more likely a patient is to have calcinosis [1, 5, 
6, 18, 19]. Other reported associates of calcinosis in patients 
with SSc include:

 1. Certain SSc-specific autoantibodies. Calcinosis is positively 
associated with anticentromere antibody [5, 6, 8, 20–22], 
anti-PM-Scl antibody [23–25] (as in the case history) and 
(in one recent report) with anti-RNA polymerase [8]. 
Calcinosis is negatively associated with anti-topoisomerase 
(Scl-70) antibody [5, 6, 21, 22].

 2. Severe digital ischaemia, including digital ulceration [4, 6, 
8, 26, 27], and acro-osteolysis [28]. An association with 
severity of microvascular abnormality on nailfold capilla-
roscopy has been reported in some studies [8, 22, 29]

 3. Osteoporosis [6, 19].

 Clinical Features

Patients are often themselves aware of hard lumps beneath 
the skin. These calcinotic lumps are frequently painful, espe-
cially when they enlarge, ulcerate through skin (patients 
often report extrusion of a toothpaste-like material) and/or 
become infected (Fig. 21.2b).

On examination, areas of calcinosis feel hard and often 
irregular, although sometimes they contain softer and/or fluc-
tant areas representing liquid or semi-solid calcinosis. They 
may or may not be tender: tenderness should always raise 
suspicion that the calcinosis has become infected. If there is 

A. L. Herrick and M. Samaranayaka



261

any clinical doubt as to whether or not a lesion is calcinotic, 
this can readily be confirmed with a plain radiograph.

 Imaging of Calcinosis

Calcinosis is easily visible on plain radiographs (Figs.  21.1–
21.3). Ultrasound has been reported to have similar sensitiv-
ity to plain radiography in detecting calcinosis in the hands 
and wrists [30]. CT scanning [32–34] produces three dimen-
sional images which clearly demonstrate the extent of the 
calcinosis (as in the case history, Fig. 21.3c), although this is 
seldom required in the routine clinical setting.

A challenging question is how to measure calcinosis, in 
order to measure disease progression and treatment response 
in clinical trials. Scoring systems for assessing the extent of 
calcinosis on plain radiographs have been proposed [28, 31]. 
Although CT scanning can measure volumes [34], the radia-
tion involved is a disadvantage when repeated (longitudinal) 
measurements over time are required.

 Management

Although numerous treatments have been advocated over 
the years, it is generally accepted that there is no treatment 
with proven efficacy to either prevent or reduce calcinosis. 
However, antibiotics (for suspected infection) and surgery (in 
selected patients) have a role. Here we describe current 
approach to treatment, and some of the treatments which 
over the years have attracted interest on the basis of anec-
dotal reports or small series.

 General Measures

Antibiotics and analgesia. A major concern with calcinosis is 
that lesions can become infected, and this can lead to spread-
ing cellulitis, and even septicaemia. Also, lesions can become 
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chronically infected. A key aspect of management (as demon-
strated in the case history) is to emphasise to the patient the 
importance of seeking urgent medical advice if there is any 
suspicion that infection is developing. An oral antibiotic will 
often suffice, but in more severe situations intravenous anti-
biotics may be required. ‘Flares’ of calcinosis (with or without 
infection) are often very painful: adequate analgesia is also 
important.

Multidisciplinary team (MDT) input. Ulceration overlying 
calcinosis can be very difficult to heal and expert wound care 
[35] is integral to management. The podiatry team should be 
involved when calcinosis involves the toes/foot. Occupational 
therapy is indicated for patients with compromised hand 
function.

 Surgical Debridement

Surgery is indicated for pain and loss of function, and when 
infected areas do not respond to antibiotic therapy then 
debridement and washout may be required [36, 37]. The 
patient must be advised that surgery will not completely 
remove calcinosis, but will only debulk it, and that the calci-
nosis may ‘regrow’. A further problem is that calcinotic depos-
its are infiltrative: for example in the fingers the neurovascular 
bundle may run through the mass of calcified tissue. Surgery 
of the hand in patients with SSc is complex for other reasons 
including the poor blood supply to the fingers, and should be 
performed in specialist centres.

 Specific Therapies Aimed at Reducing Calcinosis

Drug treatments. Calcinosis is difficult to study due to its het-
erogeneity, and essentially there have been no controlled 
clinical trials of therapy specifically for SSc-related calcinosis. 
When interpreting case reports and small series (some of 
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which include patients with dermatomyositis-related calcino-
sis), it is important to bear in mind that symptoms of calcino-
sis sometimes improve spontaneously (for example after 
calcinosis discharges through skin) and the difficulties in 
measuring the ‘burden’ of calcinosis. Treatments which have 
attracted interest in the past (reviewed in [7, 38–43]) include 
warfarin [44, 45], colchicine [46] (which does have some ratio-
nale on the assumption that some ‘flares’ of calcinosis may be 
due to shedding of crystals into the surrounding soft tissues), 
diltiazem [46–48], minocycline [49], bisphosphonates [42, 50, 
51], and biologic agents, specifically rituximab (but with con-
flicting results [39, 52–56]) and infliximab (one case report 
with SSc-myositis overlap) [57]. Intra-lesional corticosteroid 
injection, intravenous immunoglobulins, and aluminium 
hydroxide have also been tried.

Sodium thiosulphate has attracted some recent interest in 
calcinosis related to different conditions, although the evi-
dence is contradictory and some reports have been in abstract 
form only [58–61]. Intravenous sodium thiosulphate was tried 
the patient described above. The use of topical sodium thio-
sulphate has also been described [62, 63]).

Procedural treatments (other than surgical debridement). 
Carbon dioxide laser [64, 65] and extracorporeal shock-wave 
lithotripsy [66–68] have both been advocated, but require 
further research.

 Conclusions

Calcinosis is a major source of morbidity in patients with SSc. 
Increased understanding of pathogenesis and advances in 
imaging techniques are guiding research into new avenues of 
therapy. In the meantime the main thrust of treatment is 
relief of pain and early treatment of any infection.
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 Case 1

A 32 year old female with diffuse systemic sclerosis presents 
for a preconception counseling appointment. She was diag-
nosed 9 months ago after she developed new onset Raynauds 
phenomenon and thickening of the skin in her hands and 
forearms. Laboratory evaluation revealed positive anti- 
nuclear antibody at 1:1280 in a speckled pattern, and a posi-
tive RNA polymerase III antibody. Her modified Rodnan 
Skin Score has increased to 21 from 18 at her visit 4 months 
ago, indicating progressively worsening skin disease. 
Pulmonary function tests 2 months ago were normal, as was 
a non-contrast CT scan of the chest and an echocardiogram. 
Her only medication is mycophenolate mofetil. She wants to 
start a family in the near future. How should she be advised?
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Most women with scleroderma have normal pregnancies 
and deliver healthy babies. Women of childbearing age who 
have chronic diseases of any kind should be asked at each 
visit with their healthcare provider if they desire to have chil-
dren in the near future so that they can be appropriately 
counseled. In scleroderma, there are certain situations in 
which pregnancy should be avoided or delayed due to the 
risks to mother and child. All women with scleroderma con-
sidering pregnancy should discuss their plans with a rheuma-
tologist and a maternal-fetal medicine specialist to help 
determine their individual risk, and to make any necessary 
medication changes.

Pregnancies in scleroderma patients are generally unevent-
ful, with similar rates of miscarriage, and only slightly 
increased rates of premature birth and small for gestational 
age newborns as compared to healthy women. Fertility does 
not appear to be affected by scleroderma. A study by Steen 
et al. demonstrated that 12–15% of women with scleroderma 
were unable to conceive after a year of trying, which was 
similar to healthy controls and patients with rheumatoid 
arthritis [1]. In the past, it was thought that miscarriages 
occurred more often in women with scleroderma, but many 
of these observational studies were not controlled for age, 
medication use, and access to care. More recent data has dem-
onstrated that the rate is similar to the general population at 
about 12–13% of pregnancies [1]. This varies significantly by 
age, with rates as low as 9% in women under 30, and as high 
as 80% in women over 45 [2].

Premature births and small for gestational age newborns 
are seen more often in women with scleroderma. Premature 
birth has been observed in 15–28% of pregnancies [1, 3, 4]. 
Reassuringly, most of these premature births were near term. 
In one cohort, half of the observed premature births were 
between 36 and 37 weeks of gestation, and most of these were 
induced for “non-medical reasons” [3]. This number likely 
varies significantly by institution. An important observation 
is that women with early diffuse scleroderma have a mark-
edly elevated risk of giving birth prematurely, at 65% of 
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pregnancies [3]. It has been observed that women with severe 
lung or gastrointestinal involvement more commonly deliver 
early as well.

Several studies have noted a trend towards more small for 
gestational age newborns (below the tenth percentile for ges-
tational age) born to women with scleroderma as compared 
to healthy controls, but this has not been universally observed. 
The Italian multi-center IMPRESS study followed women 
with scleroderma prospectively through their pregnancies 
and observed that although small for gestational age new-
borns were uncommon, 5% of newborns fell into the “very 
low birthweight” category, weighing less than 1500 grams [4]. 
This is in contrast to healthy controls who delivered very low 
birthweight newborns only 1% of the time.

Fortunately, studies agree that neonatal death is a rare 
phenomenon in scleroderma pregnancies. The IMPRESS 
study observed a rate of 2%, similar to the general population 
[4]. Similarly, in the Steen cohort, neonatal death occurred at 
comparable rates in scleroderma, rheumatoid arthritis, and 
healthy pregnancies [1].

Despite this reassuring data, there are several situations in 
scleroderma in which pregnancy should be avoided or 
delayed. Women with severe interstitial lung disease, pulmo-
nary hypertension, and renal disease are underrepresented 
in the available observational studies. Scleroderma-specific 
pregnancy data is limited in such populations, and recom-
mendations are extrapolated from studies of women with 
pulmonary and renal dysfunction of other etiology. 
Pulmonary hypertension in particular is associated with high 
rates of fetal and maternal death. While newer medications 
have allowed some women with mild disease to successfully 
deliver healthy babies, pulmonary hypertension is currently 
considered a contraindication to pregnancy [5]. Although 
not associated with the same high maternal mortality as pul-
monary hypertension, pregnancy in interstitial lung disease 
is generally recommended against in women with a forced 
vital capacity less than 50% predicted, based on very limited 
data [2].
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Scleroderma renal crisis is a situation unique to sclero-
derma that has serious implications for pregnancy. The pri-
mary treatment for renal crisis is prompt and continuous 
administration of ACE inhibitors, which are known terato-
gens. 10–20% of women with scleroderma will develop renal 
crisis during their disease course, and those with diffuse skin 
involvement are at highest risk during their first 5  years of 
disease [6]. RNA Polymerase III antibody positivity poses an 
additional risk factor for the development of renal crisis. In 
such women, and in the case above, pregnancy should be 
delayed until the disease stabilizes. After the 5 year mark, the 
risk of renal crisis drops significantly [6].

It is essential to discuss medication management prior to 
conception. Several medications are unsafe to take during 
early pregnancy as they are likely to cause miscarriage. 
Methotrexate is a commonly used anti-rheumatic medica-
tion that is associated with high miscarriage rates, and 
should be discontinued 3 months prior to conception. One 
prospective study found that women exposed to methotrex-
ate during early pregnancy had a spontaneous abortion rate 
of 42.5%, but those exposed in the 12 weeks prior to con-
ception had similar rates of miscarriage to healthy and dis-
ease matched controls [7]. Mycophenolate mofetil is 
commonly used in scleroderma, and is associated with high 
rates of major birth defects [8]. It should be stopped before 
conception, and alternative agents, such as azathioprine 
used as a maintenance therapy, if necessary. In women with 
interstitial lung disease, it may not be safe to abruptly stop 
mycophenolate. If pregnancy is desired, a rheumatologist 
should supervise the transition to a safer medication, such 
as azathioprine, prior to conception. See Table  22.1 for a 
summary of medication safety during pregnancy and lacta-
tion. It should be noted that this data is primarily based on 
observational studies, often with a limited number of 
patients.
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 Case 2

Two years later your patient, now 34 years old with persistent 
but stable diffuse scleroderma, is sent to the emergency room 
from clinic after her blood pressure is found to be 180/100 
during a routine office visit. She is 34  weeks pregnant with 

Table 22.1 Commonly used medications in scleroderma and safety 
during pregnancy and lactation
Medication Use in Pregnancy Use in Lactation
NSAIDs Recommended 

against throughout 
pregnancy, 
contraindicated in 
third trimester

Safe for use

Prednisone Safe for use in low 
doses

Safe for use in 
low doses

Hydroxychloroquine Safe for use Safe for use

Azathioprine Safe for use Safe for use

Methotrexate Contraindicated Contraindicated

Leflunomide Contraindicated Safety unknown

Mycophenolate 
mofetil

Contraindicated Contraindicated

Cyclophosphamide Contraindicated Contraindicated

Calcium Channel 
blockers

Safe for use Safe for use

Phosphodiesterase 
type 5 inhibitors

Limited data suggests 
possible safety

Safety unknown

Endothelin receptor 
antagonists

Contraindicated Safety unknown

Prostacyclin analogs Limited data suggests 
safety

Safety unknown
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her first child. There have been no complications through the 
pregnancy thus far, and she has always had normal blood 
pressure. She reports a mild frontal headache, but otherwise 
has no complains. Laboratory work up reveals new anemia, 
mild thrombocytopenia, creatinine of 2.3 mg/dL, and urinaly-
sis with 3+ protein and 1+ blood. What diagnostic work up 
should be completed? What treatment should be 
recommended?

New blood pressure elevation in patients with scleroderma 
should always raise concern for scleroderma renal crisis, espe-
cially in those with diffuse skin involvement, disease duration 
of less than 5 years, and positive RNA polymerase III anti-
bodies. Centromere antibody positivity is a negative risk fac-
tor [6]. In pregnancy, identifying renal crisis is complicated by 
the fact that pregnancy-related hypertensive disorders, such 
as preeclampsia, can present similarly. Both situations war-
rant emergent treatment. In renal crisis, the most worrisome 
complication is the rapid development of renal failure and 
need for dialysis. Early aggressive treatment with ACE inhib-
itors gives the best potential of a good outcome, and thus 
should be promptly administered if there is any evidence that 
hypertension might be relate to renal crisis, such as rising 
creatinine or hemolysis.

Preeclampsia is defined as new onset hypertension and 
proteinuria, or hypertension with evidence of end-organ 
damage after 20 weeks of gestation [9]. In the 2019 guidelines, 
preeclampsia is deemed severe if there is evidence of central 
nervous system dysfunction (vision changes, severe head-
ache), liver dysfunction (right upper quadrant pain or liver 
enzymes elevated above two times the upper limit of nor-
mal), thrombocytopenia (platelets less than 100,000), renal 
insufficiency (creatinine >1.1  mg/dL or a doubling of the 
baseline creatinine), or pulmonary edema. Eclampsia is diag-
nosed when a woman with preeclampsia develops grand mal 
seizures [9]. HELLP syndrome (hemolysis, elevated liver 
enzymes, low platelets) is a subtype of severe preeclampsia 
which could be confused with renal crisis. Treatment of severe 
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disease necessitates delivery of the baby as soon as reason-
ably possible. Alternatively, treatment of scleroderma renal 
crisis requires the immediate use of ACE inhibitors, and does 
not improve with delivery.

Differentiating scleroderma renal crisis from preeclampsia 
and related disorders is challenging, but treatment of both 
conditions may have life saving impacts on both mother and 
child. Preeclampsia is a major cause of maternal mortality, 
and thus the benefits of delivering a preterm child may be 
worth the associated risks [9]. On the other hand, renal crisis 
results in renal failure and death in the vast majority of 
patients without administration of ACE inhibitors, so there 
should be no delay in administration of these medications if 
there is any question of renal crisis [6]. Initial work up should 
include complete blood count, metabolic panel to assess cre-
atinine and liver enzymes, and a spot urine protein:creatinine 
ratio. Elevated liver enzymes are seen more often in pre-
eclampsia, although normal values do not rule it out. Assessing 
for thrombocytopenia and hemolysis is important, although 
this can be seen in both HELLP syndrome and renal crisis, 
which is associated with a microangiopathic hemolytic ane-
mia. Uric acid can be checked, as elevations are associated 
with preeclampsia [10]. However, significant renal insuffi-
ciency and high cell turnover states such as hemolysis will 
also increase uric acid levels. Finally, serum renin levels are 
elevated in renal crisis, however, these test results are not usu-
ally available acutely [11].

The patient presented in the case above has multiple risk 
factors for renal crisis, and thus should receive an ACE inhibi-
tor without delay. This class of medication is teratogenic if 
taken during the second or third trimester, and has been 
associated with IUGR, oligohydramnios, renal failure, and 
hypocalvaria [12]. Not all children will be negatively affected 
by exposure to ACE inhibitors. One review found that of 22 
children exposed prenatally during the second and third tri-
mester, two had end stage renal disease, 10 had mild impair-
ments, and 10 had no long term issues [13]. Although use of 
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calcium channel blockers and alpha blockers is safer in preg-
nancy, these agents are insufficient to manage the pathologic 
malignant hypertension of renal crisis [14]. Depending on the 
gestational age, it may be safest for the obstetrics team to 
deliver the baby, both in renal crisis and preeclampsia, with 
continuation of the ACE inhibitor after delivery.
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 Introduction

Sjogren syndrome (Ss) is a chronic autoimmune epithelitis 
that may occur as a distinct entity and it is classified as pri-
mary Sjogren syndrome (pSs) or in association with other 
autoimmune connective tissue diseases such as systemic 
lupus erythematosus (15%–36%), rheumatoid arthritis 
(20%–32%), systemic sclerosis (11%–24%), mixed connec-
tive tissue disease [1–4], thus classified as secondary SS [5]. It 
is characterized by a wide variety of manifestations, ranging 
from local involvement of exocrine glands with keratoconjuc-
tivitis sicca and xerostomia which are the main symptoms of 
the disease, to systemic extraglandular manifestations includ-

Chapter 23
Sjogren’s Syndrome (Ss) 
in Progressive Systemic 
Sclerosis (SSc)
Athanasios G. Tzioufas, Georgia Liantinioti, 

and Panayotis G. Vlachoyiannopoulos

A. G. Tzioufas (*) · P. G. Vlachoyiannopoulos 
Department of Pathophysiology, School of Medicine,  
University of Athens, Athens, Greece
e-mail: agtzi@med.uoa.gr; pvlah@med.uoa.g 

G. Liantinioti 
Department of Pathophysiology, General Hospital Laiko,  
Athens, Greece

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-53736-4_23&domain=pdf
https://doi.org/10.1007/978-3-030-53736-4_23#DOI
mailto:agtzi@med.uoa.gr
mailto:pvlah@med.uoa.g


282

ing cutaneous, musculoskeletal, pulmonary, renal, hemato-
logical and neurological involvement [6]. Most patients are 
women, with a female-to-male ratio of 9:1, usually at age of 
40–60  years. The onset is insidious and the wide variety  
of signs and symptoms, make often the diagnosis difficult or 
delayed for several years [7].

 A Vignette Case of Co-Existence of pSs 
with SSc

A 60 years old lady presented with 6 years history of arthral-
gias but no arthritis, severe Raynaud’s phenomenon, subjec-
tive muscle weakness, xerostomia and xerophthalmia, as well 
as a history of parotid gland enlargement which was sponta-
neously reduced 5 months later. Antinuclear antibodies were 
positive at a titer of 1: 2500 with a pattern compatible with 
anti-centromere antibodies (ACA), while she was also posi-
tive for anti-Ro/SSA autoantibodies by counterimmunoelec-
trophoresis (CIE). Minor salivary gland biopsy revealed 
dense periductal lymphocytic infiltrates compatible with a 
Tarpley 3+ score, having also germinal center formation. On 
clinical examination she presented xerostomia, xerophthal-
mia, severe Raynaud’s phenomenon, crackles on auscultation 
in both lung bases and sclerodactyly. Laboratory evaluation 
except from ANA with an ACA pattern and anti-Ro/SSA by 
CIE, was remarkable for rheumatoid factor (RF) that was 
positive but at low titer, hypergammaglobulinemia and urine 
alkaline pH. She received calcium channel blockers in the era 
before the development of the endothelin receptor antago-
nists and methotrexate 12.5 mg per week for her arthralgias. 
She was well for one more year, when she developed dry 
cough, exertional dyspnea and 2+ edema in the legs. 
Pulmonary function tests were remarkable only for reduced 
FEF25–75. Blood gases were as follows: PaO2  =  75  mmHg, 
PaCO2 = 29 mmHg, pH = 7.44 and HCO3 = 20.2 mEq/L. Cardiac 
catheterization revealed a mean pulmonary artery pressure 
of 55 mmHg; 1+ insufficiency of mitral and 2+ insufficiency of 

A. G. Tzioufas et al.



283

tricuspid valve. Vasospasm of the right coronary artery during 
catheterization was resolved by immediate intracoronary 
infusion of nitrates and nifedipine.

The patient worsened month by month and 1 year later 
she died of accelerated pulmonary arterial hypertension.

 Common Denominators in Pathogenesis 
of pSs and SSc

Apart from their obvious phenotypic differences, pSs and SSc 
share some common characteristics. For instance, the vignette 
case of coexistence of pSs and SSc presented above, under-
lines common pathogenic pathways between these diseases, 
at least in those SSc patients with Ss manifestations or the Ss 
patients with scleroderma changes. Although the pathogenic 
aspects of SSc will be presented in detail elsewhere in this 
book, a summary of pathogenesis of SSc and pSs in this chap-
ter will make the coexistence of these diseases more 
understandable.

SSc pathogenesis relies upon three pylons: (a) extracellu-
lar matrix production by myofibroblasts, (b) severe vascu-
lopathy as depicted by Raynaud’s phenomenon, 
teleangiectasies and pulmonary arterial hypertension (PAH) 
and ((c) autoimmune reactivity, as depicted by production of 
numerous autoantibodies [8]. Raynaud’s phenomenon occurs 
among 33% of Ss patients [9], while PAH, although it occurs 
also, is rare [10]. However in a small patient cohort of pSs a 
prevalence of PAH as high as 23.4% was recently reported 
[11]. On the other hand among 40 consecutive patients 
undergoing evaluation for PAH the prevalence of definite 
pSs was 8% and that of possible pSs 5%.

Autoimmune reactivity also occurs in both diseases, con-
cerning both, innate and adaptive immunity, the later includ-
ing both B and T cell immune responses; However the 
cohort studies focus mainly on B cell responses because their 
effects such as the production of autoantibodies are easily 
detected.
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An initial observation by H.M.Moutsopoulos group in 
1993 pointed out the presence of seven patients with pSs 
positive for anticentromere antibodies (ACA); the majority 
of them noticed Raynaud’s phenomenon, while 4 out of 7 
suffered of small airways disease as depicted by reduced 
FEF25–75% predicted values and only one had sclerodactyly. 
Anti-Ro/SSA and anti-La/SSB antibodies were rather 
uncommon in this group as compared to pSs cohorts (4 and 
1 out of 7 respectively) [12]. The patient with sclerodactyly 
(the vignette case presented above) developed full blown 
PAH and eventually died of PAH.

 The Role of Epithelial Cell in pSs and SSc

Myofibroblasts contribute to tissue remodeling by synthesiz-
ing extracellular matrix (ECM) components, when these cells 
exert traction forces or sense other chemical stimuli. In nor-
mal situations, when tissue remodeling is completed, myofi-
broblasts die by apoptosis but this does not happen in SSc 
[13] . A major disturbance in tissue remodeling pathways 
seems to be initiated in SSc by the transition of endothelial 
cells to myofibroblasts [14]. However, another cell which is a 
common initiator in both diseases is probably the epithelial 
cell. This cell undergoes also a process called “epithelial to 
mesenchymal transition” especially in the lungs of patients 
with SSc [15], giving rise to more myofibroblasts indepen-
dently of the initial trigger. In case of pSs, epithelial cell 
becomes a very effective antigen-presenting cell [16, 17]. 
Indeed, epithelial cells in patients with pSs express costimula-
tory molecules and innapropriatelly intracellular  autoantigens 
Ro/SSA and La/SSB on their membranes providing thus, 
signals for lymphocyte activation; in addition they produce 
proinflammatory cytokines and lymphocyte-attracting che-
mokines important for sustaining the autoimmune lesion and 
allowing the formation of germinal centers, a finding predict-
ing evolution to lymphoma, and express functional receptors 
of innate immunity such as toll-like receptors (TLRs) 3, 4 and 

A. G. Tzioufas et al.



285

9, of which TLR-4 exists on the cell membrane [18, 19] and 
accounts for the initiation of innate immunity through NF-κB 
and AP-1 pathways. TLRs-3 and -9 in the endosome sensing 
viral and microbial constituents and give rise in interferon 
regulatory factors (IRFs) [20, 21]. It seems that an initial epi-
thelial injury as depicted by IL-33 expression, plays some role 
in the pathogenesis of pSs [22] while an association of 
increased serum levels of the IL-33 neutralizing sST2 was 
also described in limited cutaneous SSc [23],both of the 
above findings suggesting that epithelial cells undergo and 
respond to various stresses.

 Epigenetic Alterations in pSs and SSc

Systematic comparative studies of epigenetic changes in 
every cellular compartment of the tissues involved, between 
pSs and SSc are missing. SSc fibroblasts demonstrate hypo-
methylation of the following genes: integrin-α 9 (ITFA9) 
disintegrin and metalloproteinase domain-containing protein 
12 (ADAM12), Collagen type XXIII alpha 1 chain 
(COL23A1), Collagen alpha-2(IV) chain (COL4A2), 
Myosin-Ie (MYO1E) and Runt-related transcription factors 
(RUNX) [24] Interestingly RUNX -1 to -3 transcription fac-
tors are over-expressed in lacrimal gland epithelium and are 
involved in regulation in gland morphogenesis and regenera-
tion [25] . RUNX-1 and RUNX-3 genes are hypomethylated 
in labial salivary glands of patients with Ss [26], as depicted 
by a genome-wide DNA methylation study performed in 
human labial salivary gland biopsy samples. Hypomethylation 
and overexpression of CD70, Lymphotoxin alpha (LTA), 
forkhead box P3 (FOXP3) and interferon-inducible genes in 
CD4  +  Tcells. In addition interferon regulatory factor 5 
(IRF5) in T cells, B cells, monocytes and salivary gland epi-
thelial cells, global DNA hypomethylation in minor salivary 
glands when are associated with lymphocytic infiltrates, hypo-
methylation and overexpression of long interspersed nuclear 
element-1 (LINE-1) in minor salivary glands, hypomethyl-
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ation in CD19 + B cells and hypomethylation in interferon- 
induced genes in minor salivary epithelial cells [27] have been 
also found in pSs. The Wnt pathway related factors are hyper-
methylated and hypo-expressed in minor salivary glands 
epithelial cells [27] but in this report authors underline the 
necessity to conduct pure cell analysis for future EWAS stud-
ies when analysing salivary glands from patients with pSS. On 
the contrary the genes of Wnt signaling associated factors are 
hypomethylated in SSc and this was attributed to silencing of 
Friend leukemia integration 1 (Fli1) and Kruppel-like factor 
5 (KLF5) [28]. Active Wnt signaling was associated with 
fibrosis.

 Activation of Interferon-I Pathway

Genome wide association studies have shown genetic poly-
morphisms in interferon regulatory factors (IRFs)—4,5,7 and 
8 [29] . Similarly, polymorphism of Signal Transducer and 
Activator of Transcription (STAT)- 4, has been established as 
a genetic risk factor of SSc. IRFs and STAT4 proteins are key 
activators of type I IFN signaling pathways. An IFN signature 
(increased expression and activation of IFN-regulated genes) 
has been observed in the peripheral blood and skin biopsy 
samples of patients with SSc [30] . On the other hand 
Sjögren’s syndrome (Ss) is characterized by chronic immune 
attacks against exocrine glands leading to exocrine dysfunc-
tion, plus strong up-regulated expressions of IFN regulated 
gene transcripts. Genome-wide transcriptome analyses indi-
cate that differentially expressed interferon regulated genes 
are restricted during disease development and therefore 
define underlying etiopathological mechanisms [31]. All the 
above findings suggest that pSs and SSc share some common 
pathways in a manner of not being the same diseases but at 
the same time in a way co-exist [32] or to share some clinical 
features [33] in a minority of patients.
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 Clinical Manifestations of pSs

Sicca symptoms such as xerophthalmia (dry eyes) and xero-
stomia (dry mouth), are the most common manifestation of 
Sjögren’s syndrome, with up to 98% of the cases. Dry eyes 
may be described as red, itchy, painfull and the most common 
complaint of the patients is that of a gritty or sandy sensation 
in the eyes. Symptoms typically worsen throughout the day. 
Oral symptoms include difficulty speaking, eating, or swal-
lowing and the patients need frequent sips of water due to 
sensation of dry mouth [34]. The patient usually have an 
increased risk of dental caries and oral infections as a result 
of decreased salivary flow [34, 35].

Although dry eyes and dry mouth are the most common 
symptoms in patients with Sjögren’s syndrome, most patients 
who report these symptoms may have other underlying 
causes. The incidence of sicca symptoms increases with age 
[36]. Common medications can cause sicca symptoms in any 
age group. Antidepressants, anticholinergics, beta blockers, 
diuretics, and antihistamines are some categories of drugs 
that can cause these symptoms [37]. Anxiety can also lead to 
sicca symptoms. Women who use hormone replacement 
therapy may be at increased risk of dry eye syndrome. 
Chronic viral infections such as HIV, HCV, HTLV-1 can also 
cause sicca symptoms [38].

Parotitis is another glandular manifestation of the disease. 
Up to 34% of patients with Sjögren’s syndrome report epi-
sodic or chronic, typically bilateral swelling of the parotid 
glands [39]. Bilateral parotid gland enlargement is not always 
due to Sjogren, it may be the result of endocrine disorders 
(acromegaly or gonadal hypofunction), metabolic diseases 
(chronic pancreatitis, diabetes mellitus, hepatic cirrhosis, or 
hyperlipoproteinemias), sarcoidosis and viral infections 
(human immunodeficiency virus infection, hepatitis C). Rock- 
hard or unilateral parotid gland enlargement should prompt 
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referral to an otolaryngologist for biopsy to exclude a tumor 
or lymphoma and especially malignant non-Hodgkin lym-
phoma (NHL) of B cell lineage which occurs in about 5% of 
patients with pSS [40].

Although the clinical manifestations of pSS patients are 
mainly those of an autoimmune exocrinopathy, almost half of 
the patients develop extraglandular disease. The most com-
mon are arthralgias and usually non-erosive polyarthritis 
which occur in approximately 50% of patients and due to this 
manifestation is often confused with RA [41].

Up to 30% of patients with SS have subclinical pulmonary 
disease. Pulmonary manifestations in SS typically develop 
late in the course of disease and are rarely the presenting 
feature. Cough is often the main respiratory symptom and is 
usually a symptom of xerotrachea. Other pulmonary manifes-
tations are chronic interstitial lung disease (ILD) and lym-
phoinfiltrative or lymphoproliferative lung disease [42] .

Renal involvement is found in approximately 5% of 
patients. In pSS renal involvement is the result of two distinct 
pathophysiological processes: epithelial disease with a pre-
dominantly mononuclear lymphocytic infiltration resulting in 
tubulointerstitial nephritis (TIN) and non-epithelial disease 
with a secondary immune complex–mediated process result-
ing in glomerulopathy [43].

Neurological disorders are also common extraglandular 
manifestations of pSS. Available literature data estimate the 
prevalence of neurological symptoms as about 8.5–70% of 
patients diagnosed with pSS [44]. The most common neuro-
logical complication of SS is peripheral neuropathy, and in 
particular sensory polyneuropathy [45]. CNS involvement 
ranges from hemiparesis, transverse myelitis, and dystonia to 
encephalopathy and dementia. In 10–20% of patients there 
are lesions in the central nervous system analogous to those 
presented in the multiple sclerosis (multiple sclerosis-like 
lesions). Most often they concern the white matter of the 
brain (60%) and the spinal cord (40%), at these patients the 
differential diagnosis is challenging [46].
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Cutaneous lesions of Sjogren’s syndrome include dryness 
of the skin, annular erythema with scales, localized especially 
on the face and neck and nonpalpable or palpable, vasculitic 
purpura with lesions that are typically 2–3  mm in diameter 
and located on the lower extremities [47].

Patients with SS have an increased risk of lymphoma or 
lymphoproliferative disease compared to the general popula-
tion [48]. Most lymphomas are of B-cell lineage and are of 
low- or intermediate-grade of malignancy. Persistent gland 
enlargement, purpura, low levels of C4 and monoclonal cryo-
globulinemia, high levels of rheumatoid factor are the main 
risk factors.

 Sjogren Syndrome in Scleroderma

Systemic sclerosis is a rare multisystem connective tissue dis-
ease which is characterized by excess collagen deposition 
resulting in skin thickening, fibrosis of the joint and tendon, 
as well as vasculopathy of the small vessels. Clinical manifes-
tations of SSc varies with most of the patients presenting skin 
thickening and internal organ involvement such as interstitial 
lung disease, pulmonary hypertension, gastrointestinal dys-
motility. SSc has two main types, the progressive systemic 
sclerosis and a milder form termed CREST. Published data 
about the true association between Sjogren’s syndrome in 
scleroderma show a prevalence of Sjogren in 23.4% of 
patients with scleroderma. Sjogren’s syndrome is found more 
frequently in the limited cutaneous form of SSc with positive 
ACA [49]. There are studies that emphasize that the overlap 
patients display a full blown SS phenotype while the manifes-
tation of SSc are milder. In a study performed by Salliot et al. 
which compared patients with SSc alone and patients with 
SS—SSc, the most interesting finding was that SSc seems to 
be less serious when it is associated with SS. Lung fibrosis, 
one of the most severe complications of limited SSc, occurred 
in 29% of the patients with SSc alone and in only 11% of the 
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patients with SS-SSc (P  =  0.05). Also, this study showed a 
trend in favour of a reduced prevalence of PAH and of sclero-
derma renal crisis in the SS-SSc patients (7 vs. 15%) and (4 vs. 
15%), respectively, while esophagus involvement was similar 
in the two groups. Moreover Baldini et  al. showed that the 
“overlap patients” presented a higher prevalence of telean-
gectasia (43.7% vs. 3.4%, p = 0.02) but a lower prevalence of 
both digital necrosis and ulcers (12.2% vs. 49%). They also 
had a higher frequency of parotid swelling (31.7% vs. 1%), 
arthralgias (46.3% vs. 16.7%, p < 0.0001), purpura (14.6 vs. 0, 
p = 0.0004) and fatigue (39% vs. 2.9% p < 0.0001) comparing 
to the “SSc patients”. As far as the frequency of lymphoma 
concern at the overlap patients Bournia et al. observed two 
lymphoma cases in patients with SSc and sicca manifestations 
and no cases in patients with SSc alone. The risk factors which 
associated with the development of lymphoma were salivary 
gland enlargement, purpura, leukocytopenia and hypergam-
maglobulinaemia similarly to pSS.  Moreover Bournia et  al. 
showed that the risk was higher in patients with ACA-positive 
limited cutaneous SSc and sicca symptoms and enlighted the 
necessity of these patients to be monitored tightly over the 
time. Serologically the overlap patients when compared to 
pSS patients had lower prevalence of hypergammaglobu-
linaemia, RF, anti-RoSSA and anti-LaSSB antibodies. Drosos 
et al. and Osial et al. found that anti-Ro/SSA antibodies were 
present in 33% (3 of 9) and 29% (5 of 17), respectively, of 
their patients with concurrent SSc and SS.

 Common Problems in the DD?

Sicca symptoms are common in patients with systemic sclero-
sis (60%–70%) [50] the principal cause of sicca symptoms in 
SSc appears to be glandular fibrosis, rather than SS lympho-
cytic sialadenitis and it is explained by fibrosis of exocrine 
glands in patients with diffuse disease and extensive systemic 
involvement [50]. Fibrosis around capillaries and excretory 
ducts induce functional abnormalities leading to sicca symp-
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toms. These abnormalities in collagen deposition are found 
usually in the minor salivary glands. In order to distinguise 
between sicca symptoms in SSc and secondary Sjogren, 
biopsy of minor salivary glands is necessary. At secondary 
Sjogren the biopsy reveals CD4-positive T-lymphocyte infil-
tration of the salivary glands and the presence of >50 lympho-
cytes/4 mm2 on the biopsy is diagnostic [49].

Raynaud’s phenomenon (RP) is seen at the majority of 
the patients with SSc as well as at 33% [49, 51]of the patients 
with SS, especially those who have ACA antibodies [52]. SS 
patients, and especially those with RP, present capillaro-
scopic abnormalities ranging from non-specific to more spe-
cific findings or, on some occasions, scleroderma-type 
findings. Crossed capillaries and pericapillary haemorrhages 
are the most common findings at the capillaroscopy and the 
mean capillary density is significantly lower at these patients 
[53]. There is a distinct entity of patients with pSS and anti- 
centromere positivity, but without clinical features of SSc. 
The existence of this subgroup of SS patients who their pre-
dominant features are sicca manifestations and RP has 
raised the question of whether this group of patients consti-
tutes an overlap between lSSc and SS [54]. Some investiga-
tors have proposed that these patients with RP, ACA and 
scleroderma pattern in capillaroscopy should be included in 
the spectrum of lSSc, although may not fulfill criteria for 
scleroderma.

 Diagnosis and Treatment

It is difficult to distinguise between SSc with sicca symptoms 
and SSc—secondary Sjogren syndrome. Minor salivary gland 
biopsy is considered the “gold standard” for the diagnosis, 
although newer criteria permit classification of SS without 
necessarily performing this procedure. The American- 
European consensus committee recently modified and 
 reapproved criteria that exhibit approximately 95% sensitiv-
ity and specificity for SS [55] (Table  23.1). These criteria 
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encompass the presence of subjective and objective sicca 
manifestations, antibodies to Ro/SS-A and La/SS-B antigens, 
and characteristic histopathologic findings in minor salivary 
glands [56].

Because there is no known cure for Sjögren’s syndrome, 
treatment focuses on relieving symptoms and preventing 
complications. Treatments can be grouped into regimens for 
xerophalmia, xerostomia, and systemic manifestations. Ocular 
dryness is treated with preservative-free teardrops or eye 
lubricants containing either sodium hyaluronate or hydroxy-
propyl methylcellulose. In cases of moderate to severe dry 
eye disease, anti-inflammatory treatment with cyclosporine A 
eye drops has gained significant importance [57]. To minimize 
xerostomia products that stimulating saliva secretion are used 
like pilocarpine [58]. Patients with SS should avoid diuretics, 
antihypertensive drugs, antidepressants, and antihistamines, 
all of which may worsen salivary hypofunction. For systemic 
symptoms in patients whom arthralgia or myalgia is the pre-
dominant symptom, hydroxychloroquine is used [59]. Anti-B–
cell biologic agents, particularly rituximab, corticosteroids 
and cytotoxic drugs such as cyclophosphamide are reserved 
for severe extraglandular manifestations of sjogren’s 
 syndrome such as cutaneous vasculitis, glomerulonephritis 
and interstitial lung disease [60].

Table 23.1 ACR/EULAR criteria for Sjogren syndrome
Unstimulated salivary flow rate abnormal = 0.1 mL/min  
(1 point).

Abnormal Schirmer’s test (<5 mm in 5 min) (1 point)

Abnormal findings with lissamine green or fluorescein staining 
(1 point)

Autoantibody detection: Anti-Ro/SSA (3 points)

Histology—Focal lymphocytic sialadenitis
   1 focus = 50 lymphocytes/4 mm2 (3 points)

Diagnosis is considered established if score = 4 points
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 Conclusion

Sicca symptoms are common in systemic sclerosis patients 
due to fibrosis of salivary gland however true SS is present in 
only 22.3% of these patients and it is found more frequently 
in the limited form of SSc. Although we would expect that the 
coexistence of Sjögren’s syndrome and systemic sclerosis 
would worsen the evolution and prognosis of these patients 
studies show the opposite. SSc seems to be less serious when 
it is associated with SS.
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 Case

A 35 year old man was diagnosed with secondary Raynaud’s 
phenomenon in the year 2010. He was positive for ANA with 
anti-topoisomerase-1 specificity. At two annual visits in 
Feburary 2011 and February 2012, he had only slight scler-
edema, but no other signs of scleroderma skin involvement. 
Only 5 months later, in July 2012, he presented with diffuse 
skin sclerosis and a mRSS of 20. He noticed that he was less 
fit as a mountain biker and reported new erectile difficulties. 
His wife was 5 months pregnant. In March 2013, his mRSS 
had further increased to 35 and he had developed discrete 
ground-glass opacifications and a slightly depressed forced 
vital capacity (FVC, 79% of normal). At this time, his erectile 
function has declined further, his score on the International 
Index of Erectile Function (IIEF)-5 questionnaire had wors-
ened to 15.

In March 2013, the patient underwent autologous hemato-
poietic stem cell transplantation as a treatment of systemic 
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sclerosis. The skin score declined and lung function improved 
rapidly (Table 24.1), the erectile function normalized within 
the ensuing 18 months and the family has now a second baby. 
The patient is now not taking any medication.

 Background

Erectile dysfunction (ED) is very common in men with sys-
temic sclerosis (SSc) but frequently not addressed [1, 2]. The 
pathogenesis of ED in SSc involves a diminished arterial 
blood flow in the penis, and an excessive fibrosis of the penile 
corpora cavernosa due to an increased synthesis of collagen 
by local smooth muscle cells, and the accumulation of extra-
cellular matrix [1]. The fibrotic processes are likely perpetu-
ated by hypoxia, which fosters the local release of profibrotic 
cytokines such as transforming growth factor (TGF)-β1, plate-
let derived growth factor (PDGF) and its receptors [1, 3]. 
Veno-occlusive dysfunction was also reported and may con-
tribute to ED [4].

Even in the general population, the prevalence of ED is 
not negligible. About half of all men between 40 and 70 years 
of age have ED at some degree [4]. Cardiovascular risk factor 
such as diabetes mellitus, hyperlipidemia, arterial hyperten-
sion, tobacco exposure, lack of physical activity contribute to 
the risk of ED in the general population [5]. Other conditions 
associated with ED in men without SSc include prostatic dis-
ease, central nervous system disorders, hypogonadism and 
hyperprolactinemia [5]. Drugs that cause ED include thiazide 

Table 24.1 Evolution of skin, lung and erectile function after autol-
ogous stem cell transplantation for systemic sclerosis in March 2013
Time of visit Skin Score Lung function Erectile function
March 2013 mRSS 35 FVC: 79% IIEF-5 15

August 2013 mRSS 13 FVC: 102% IIEF-5 12

September 2014 mRSS 8 FVC: 107% IIEF-5 22

Mai 2015 mRSS 8 FVC: 113% IIEF-5 23
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diuretics, spironolactone, beta-blockers, H2 antagonists, anti-
depressants, alcohol and cocaine (Table 24.2).

In SSc however, only about one fifth of all men have nor-
mal erectile function [2, 6, 7]. In SSc, the ED is generally also 
more severe than the ED in the general population as about 
40% have severe impotence. The average IIEF-5 score in SSc 
was about 13 [8], in comparison to the IIEF-5 score in a non-
SSc population of similar age (about 21) [9]. ED in SSc 
evolves quite rapidly after the first non-Raynaud’s symptom 
of SSc, the delay of ED onset is on average as short as 3 to 
4 years [2, 7]. An analysis by ED duration, revealed a negative 
correlation between the IIEF-5 score and time of ED [2], 
indicting that the severity of ED is progressive with time. 
Similar to the general population [4] the prevalence of ED in 
men with SSc also increases with age and with the degree of 
alcohol consumption but in SSc is additionally associated 
with severe cutaneous, muscular or renal involvement of SSc, 
elevated pulmonary pressures and restrictive lung disease [2]. 

Table 24.2 Drugs associated with ED [5]
  •  Thiazides, spironolactone

  •  Antihypertensives (beta-blockers, clonidine)

  •  Digoxin

  •  Fenofibrate

  •  Antidepressants (tricyclics, monoamine oxidase inhibitors, 
lithium, selective serotonin reuptake inhibitors)

  •  Cimetidine, ranitidine

  •  Hormones (estrogens, progesterone, LH-RH agonists, 
cyproterone acetate)

  •  Corticosteroids

  •  5-alpha reductase inhibitors

  •  Cytotoxic agents (cyclophosphamide and methotrexate)

  •  Anticholinergics

  •  Alcohol, cocaine, marihuana, opioids, tobacco
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No particular ANA specificity was found to be protective or 
conferring an elevated risk of ED development in SSc [2].

 Management

In clinical practice, ED can be assessed easily with the 
International Index of Erectile Function (IIEF)-5, a self- 
administered sexual activity questionnaire that is linguisti-
cally validated in many languages, has high retest reliability, 
and has demonstrated sensitivity and specificity for detecting 
treatment-related changes [3]. It takes about 30  s of the 
patient’s time to complete the IIEF-5 questionnaire. The 
IIEF-5 delivers a numerical score that is classified into five 
categories: severe ED (scores 5 to 7), moderate ED (scores 8 
to 11), mild to moderate ED (scores 12 to 16), mild ED 
(scores 17 to 21), and no ED (scores 22 to 25).

Men with SSc should be routinely asked for symptoms of 
ED and issued an IIEF-5 score. When ED is diagnosed 
(IIEF-5 score below 22), the workup consists of excluding 
non- SSc causes by means of history, physical examination 
and a limited set of laboratory investigations (Table 24.2 and 
Fig.  24.1). One focus of the workup should focus be the 
search for modifiable cardiovascular risk factors.

Treatment guidelines of ED in the general population sug-
gest that modifiable risk factors such as lifestyle, psychologi-
cal and drug-related contributors to ED, be minimized prior 
to, or in conjunction with specific ED therapy [5, 10]. Patients 
with known cardiovascular diseases should be counselled 
appropriately, as ED could be the first sign of an underlying 
coronary artery disease.

A PDE-5 inhibitor is generally the recommended first line 
treatment modality in the non-SSc population [10]. In SSc 
however, the efficacy data of PDE-5 inhibitors for ED with 
on-demand sildenafil are disappointing [11] and the longer 
acting tadalafil is better evaluated [12, 13]. Different dosing 
regimens of tadalafil have been investigated: 20  mg of 
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All men withSSc

History

Physical examination

Laboratory

Management

Verify or rule out ED by means of the IIEF-5 score

If IIEF-5 score < 22

• Medicines and 'recreational' drugs (Table 24.2)
• Lower urinary tract symptoms and prostatic disease
• Other comorbidities
• Stress and emotional factors

• Penile morphology, prostatic disease
• Secondary sexual characteristics
• Neurogenic causes
• BMI, arterial hypertension, groin pulses

• Free testosterone (morning sample)
• Prolactin
• Fasting lipids
• HbA1c

• Eliminate modifyable cardiovascular risk factors
• Eliminate potential pharmaceutical cofactors
• Tadalafil fixed dose (first line)
• Refer to urologist for second or third line treatment

Figure 24.1 Diagnosis and management of sexual dysfunction in 
men with SSc
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tadalafil administered in a fixed alternate day regimen [26], 
and 10 mg of tadalafil given daily [27]. Both tadalafil dosing 
regimen were shown to have some efficacy, on demand 
tadalafil however was not [26]. Tadalafil must therefore be 
given in a fixed dose regimen. Tadalafil is also useful to allevi-
ate Raynaud’s phenomenon [14] and a licensed treatment for 
pulmonary arterial hypertension [15]. Tadalafil however must 
not be combined with riociguat and nitrates [16, 17]. Retinitis 
pigmentosa is another main contraindication [18].

Second line treatments of ED consist of intraurethral or 
intracavernous alprostadil (prostaglandin E1) applications 
[18]. In patients with SSc, however, a substantial percentage 
does not respond adequately to intracavernous alprostadil 
injections [8]. Vacuum devices are another second line option, 
but the experience is SSc is very limited. Penile prosthesis 
were used only very rarely in SSc, although successful implan-
tations were reported [2]. In the non-SSc population, the 
satisfaction rate with penile prosthesis is high [18].

Although the case discussed above suggests a favorable 
course of erectile dysfunction after autologous hematopoietic 
stem cell transplantation, further data on the efficacy and 
mechanism of this treatment modality on ED in SSc is lack-
ing. A study is however under way.
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The treatment of patients with diffuse cutaneous systemic 
sclerosis (dcSSc) poses the clinician with multiple challenges. 
When to start first-line immunosuppressive therapy and what 
to choose (mycophenolate mofetil or methotrexate)? When 
to switch to cyclophosphamide or dose-intensified cyclophos-
phamide with hematopoietic stem cell transplantation 
(HSCT)? The outcome of dcSSc has steadily improved over 
the decades due to early recognition and effective treatment 
of renal crisis, pulmonary arterial hypertension and intersti-
tial lung disease, and prevention of malnutrition and decon-
ditioning. Nevertheless a subset of dcSSc patients still develop 
progressive disease in spite of conventional treatment and 
such patients must be considered eligible for autologous 
HSCT, which has been employed in over 400 SSc patients in 
Europe and been proven superior in three controlled clinical 
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trials which together involved over 250 patients [1–4]. 
Selection criteria have shifted towards earlier disease to 
avoid toxicities from HSCT in advanced disease and to 
increase the probability of inducing sustained drug-free 
remission in early disease. Nevertheless, access to HSCT clin-
ics with expertise in transplanting SSc is limited in most coun-
tries due to financial constraints, regulatory hurdles or lack of 
experience. In the absence of effective conventional thera-
pies, progressive dcSSc will continue to be an area of unmet 
need for those not having access to HSCT.

HSCT is not a cure for all, however, and the potential risks 
and intended benefits need to be weighed carefully in each 
case. Comprehensive screening including assessment of vis-
ceral organ involvement is paramount before a go or no-go 
decision with respect to HSCT can be made. The dilemmas in 
clinical decision making are illustrated by two cases with 
early progressive dcSSc. These cases underscore the need for 
comprehensive cardiac screening, tight monitoring of disease 
course and repeated assessment of risk and outcome after 
HSCT, taking into account alternative treatment options and 
patient preference.

A 37-year-old male was referred to the Rheumatology 
outpatient clinic of a tertiary referral centre by his general 
practitioner because of recent onset fatigue and Raynaud’s 
phenomenon. Puffy fingers and mild skin thickening (modi-
fied Rodnan Skin Score (mRSS 1/51)) were observed during 
his first visit. ANA and anti-topoisomerase antibodies were 
positive, nailfold capillaroscopy showed an active sclero-
derma pattern. He was diagnosed with early SSc. There were 
no signs of lung or renal involvement. In routine laboratory 
tests, a markedly elevated high-sensitivity cardiac troponin I 
(hs-cTnI) was detected (180 ng/L; normal range 0-18 ng/L). 
Creatine phosphokinase-MB and creatine phosphokinase 
levels were mildly increased as well. No cardiac symptoms 
were present. Electrocardiography was normal at rest and 
after ergometric stress testing. Cardiac ultrasound did not 
reveal any signs of peri- or myocarditis. Magnetic resonance 
imaging of the heart (CMR) showed an ejection fraction 
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(LVEF) of 64%, no acute ischemia (at rest and after adenosin 
stress testing). There was no delayed enhancement. T1 values 
were slightly increased (1100  ms) and disturbance of the 
extracellular volume fraction was seen in 35% of the assessed 
area, T2 values were higher than 2, indicating mild focal myo-
cardial fibrosis. As the hs-cTnI was consistently raised in the 
presence of poor prognostic factors (male sex, anti- 
topoisomerase antibodies, early onset of non-Raynaud’s 
symptoms), administration of oral mycophenolate (1.5 g bd) 
and an angiotensin-converting-enzyme (ACE) inhibitor was 
initiated. In the following months, however, both hs-cTnI and 
skin thickening increased (Fig.  25.1). Concomitantly, he 
developed pulmonary symptoms, which was attributed to 
new interstitial lung disease. The therapeutic options in this 
rapid progressive case, were discussed with the patient and 
multidisciplinary team. Cyclophosphamide (CYC) and ritux-
imab was considered, but because of the fast deterioration 
and patient’s preference, HSCT was opted for. Prior to 
HSCT, pulmonary hypertension was excluded with right 
heart catheterisation. 24-hour holter ECG was performed to 
exclude conduction disturbances. For HSCT, CYC (4 g/m2) in 
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Figure 25.1 Changes in creatine phosphokinase (dotted line), high-
sensitivity troponin (dashed line) and modified Rodnan skin score 
(uninterrupted line) in a patient following autologous stem cell 
transplantation
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combination with granulocyte-colony stimulating factor 
(G-CSF) for mobilization and CYC 200  mg/kg and ATG 
7.5  mg/kg for conditioning were used. No adverse events 
occurred. To date, 3 months after HSCT, he is recovering well 
without any cardiac events. hs-cTnI has decreased 
significantly.

A 50-year-old female patient was referred to the 
Rheumatology clinic of a tertiary referral centre by a local 
rheumatologist for possible systemic sclerosis. Her medical 
history consisted of bilateral carpal tunnel syndrome 6 months 
earlier. She reported edema of the legs with tightening since 
3  months and a new onset Raynaud’s phenomenon for 
2 months but no other complaints. On examination she had a 
normal blood pressure, unremarkable examination of heart 
and lungs, arthralgia, a mRSS of 17 and no tendon friction 
rubs. Her laboratory workup was unremarkable apart from a 
positive result of antiRNApolymerase III. Pulmonary func-
tion showed a FVC 101% predicted and DLCO 60% pre-
dicted. On HRCT scan of the chest very mild ILD was 
present. Her echocardiography was unremarkable. Diagnosed 
with dcSSc, she was counselled on the different treatment 
options and she chose to start with cyclophosphamide iv 
pulses. ACE inhibition was started. After 3 pulses she was 
progressing with a decreased quality of life, fatigue, pruritis 
and a mRSS of 32. She was informed about HSCT and agreed 
to be evaluated and if eligible, treated with this option. A 
repeat echocardiography was normal, but pulmonary func-
tion tests showed deterioration of lung function (FVC 76% 
pred and DLCO 53% pred) upon which she was referred for 
left and right catheterisation with fluid challenge. Her coro-
naries were unremarkable, no pulmonary hypertension was 
present but her LVEDP increased from 12 to 16 during the 
fluid challenge with 500 cc normal saline, consistent with mild 
diastolic dysfunction. After multidisciplinary consultation 
with rheumatologists, pulmonologists, cardiologists and hae-
matologists she was approved for HSCT. During the hyper-
hydration phase she experienced acute heart failure with 
elevated NT-proBNP of 5000  pg/mL (normal <250  pg/L) 
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which was treated with diuretics. At day 18, during repopula-
tion after successful apharesis, she again experienced dys-
pnea, chestpain, reduced saturation and fluid retention 
without parenteral fluid administration. At that time, her 
troponin was 248  ng/L (normal <14  ng/L), NT-proBNP 
3900 pg/L and echocardiography showed a normal LV func-
tion, with EF of 61% and no diastolic dysfunction, but a peri-
cardial effusion of 13 mm. The cause of her pericardiomyositis 
was considered to be progressive dcSSc or toxicity of cyclo-
phosphamide. She was subsequently treated with diuretics, 
low dose betablockers and an increased dosage of ACE inhi-
bition together with high dose corticosteroids. A new echo-
cardiography after 10  days of treatment showed normal 
function of the left and right ventricle and a decrease in effu-
sion to 1 mm.. Because of the cardiac event, the risk of HSCT 
was considered higher than normal in this patient, and she 
was again reviewed in the multidisciplinary team. The wish of 
our patient was to continue the HSCT and we decided to 
perform this on the ICU.  The conditioning including ATG 
was unremarkable as well as the period to repopulation and 
she was discharged day +17. Her recovery has been unremark-
able to date, and after 6 months she has an improved quality 
of life, a stable pulmonary, cardiac and renal function and her 
mRSS has decreased to 27.

In the first case, subclinical cardiac involvement was 
detected in early dcSSc by routine measurement of cardiac 
markers. Hs-cTnI is a highly specific marker for myocardiac 
involvement, in contrast to cTnT, which can also be elevated 
in skeletal muscle disease activity [5]. As cardiac disease in 
SSc can exist subclinically and may lead to severe complica-
tions, comprehensive cardiac screening in SSc patients eligi-
ble for HSCT is highly recommended. Elevated cardiac 
troponin levels are associated with heart failure, conduction 
disorders, extensive skin involvement and disease-related 
death [6, 7]. CMR can also be very helpful in the further 
work-up in patients with suspected cardiac SSc and rapidly 
progressive dcSSc [8, 9]. Close monitoring for disease pro-
gression is warranted in these patients, and although there is 
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no robust evidence for the optimal treatment of patients with 
myocardial involvement, high intensity immunosuppressive 
therapies should be considered in case conventional thera-
pies are not effective, if necessary in ICU as illustrated by the 
second case.Hyperhydration schemes may be adjusted in 
patients with cardiac involvement. Alternatively, as high dose 
cyclophosphamide is cardiotoxic, different transplant regi-
mens have been propagated for patients with cardiac involve-
ment although their risk/benefit have not yet been thoroughly 
evaluated in SSc-transplant settings. Prophylactic ICD 
(implantable cardioverter defibrillators) implantation has 
also been advocated in high-risk patients [10, 11]. More evi-
dence on the optimal and safe management in this group may 
be provided by two ongoing studies (NCT03593902 and 
NCT01895244).

The pros and cons of HSCT in SSc patients with cardiac 
involvement should be discussed extensively with the patients 
and given the risks, HSCT in such patients is best performed 
by experienced multidisciplinary teams.
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 Background

Systemic sclerosis (SSc) is a chronic connective tissue disease 
characterized by a small-vessel vasculopathy, immune dys-
regulation with specific auto-antibodies (abs), and fibrosis of 
the skin and internal organs. The fact that SSc is heteroge-
neous and unpredictable makes the diagnosis more difficult 
in particular in the early phases of the disease. In addition, 
SSc patients present the highest mortality among rheumatic 
diseases because it is frequently resistant to immunosuppres-
sive therapy [1].

Therefore, it is mandatory not to delay the diagnosis when 
organ involvement is evident in order to avoid the irrevers-
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ible fibrotic damage [2–4]. The 1980 American College of 
Rheumatology (ACR) classification criteria requiring either 
the presence of skin fibrosis proximal to metacarpophalan-
geal (MCP) or metatarsophalangeal (MTP) joints or the 
presence of two items between sclerodactily, digital 
ulcers  (DU) and lung fibrosis, have been shown to be not 
sensitive to diagnose early SSc [5]. In order to overcome this 
limitation, several different proposed classification criteria 
for SSc were proposed throughout the years [6]. The delay to 
diagnosis is calculated to be 6.1  years after the onset 
of Raynaud’s phenomenon (RP) and 2.7 years after the onset 
of the first non-Raynaud’s phenomenon symptom [7]. This 
large gap could be considered for the rheumatologist as the 
windows of opportunity: in fact, an early diagnosis may allow 
the choice of the treatment before SSc manifestations are still 
reversible.

A study conducted in more than 500 SSc patients demon-
strated that RP, specific SSc-abs and/or typical abnormalities 
on nailfold videocapillaroscopy are sixty times more likely to 
develop definite SSc [8]. For this reason, in 2010, the EULAR 
(European League Against Rheumatism) Scleroderma Trials 
and Research Group (EUSTAR) identified preliminary crite-
ria for very early diagnosis of SSc. The presence of RP, puffy 
fingers and ANA positivity are possible signs of a very early 
SSc. If patients also present SSc-specific abs (ACA or anti- 
TopoI abs) and/or abnormal capillaroscopic pattern (early, 
active, late) the diagnosis of very early SSc (VEDOSS) can be 
made [9]. The preliminary analysis of the VEDOSS database 
suggested puffy fingers together with RP and ANA positivity 
were the signs to raise suspicion of very early SSc [10]. When 
a patient fulfills VEDOSS criteria further investigations to 
assess internal organ involvement are mandatory. In particu-
lar esophageal manometry, B-mode echocardiography and 
lung function tests are recommended to detect preclinical 
alterations of internal organs in SSc. In fact, studies demon-
strated that SSc organ internal involvement may be  precocious 
and subclinical, emphasizing the importance of an early diag-
nosis [11, 12].
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A breakthrough in the management of SSc is given by new 
ACR/EULAR 2013 classification criteria [13] that, consider-
ing seven items besides skin involvement allow a physician to 
identify patients in the early stages of disease (Table 26.1). In 
these classification criteria, vascular items (RP, DU and telan-
giectasia) together with puffy fingers and other instrumental 
and laboratory findings (nailfold videocapillaroscopy and 

Table 26.1 2013 ACR/EULAR classification criteria (adapted from 
[17])
Item Sub-item (s) Score
Skin thickening of the fingers of 
both hands extending proximal to 
the metacarpophalangeal (MCP) 
joints (sufficient criterion)

– 9

Skin thickening of the fingers 
(only count the higher score)

Puffy fingers
Sclerodactyly of 
the fingers (distal 
to MCP joints but 
proximal to the IP 
joints)

2
4

Fingertip lesions (only count the 
higher score)

Digital tip ulcers
Fingertip pitting 
scars

2
3

Telangiectasia – 2

Abnormal nailfold capillaries – 2

Pulmonary arterial hypertension 
and/or interstitial lung disease 
(maximum score is 2)

Pulmonary arterial 
hypertension
Interstitial lung 
disease

2
2

Raynaud’s phenomenon – 3

SSc-related autoantibodies ACA
Anti-TopoI
Anti-RNA 
polymerase III

3

26 Very Early Systemic Sclerosis: VEDOSS Type Case
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SSc-specific abs), are part of the score. In the literature, it is 
reported that DU could be present since the early phase of 
SSc and could be also be a sentinel sign for early internal 
organ involvement [14].

The fact that the scientific community is focusing on the 
need for early diagnosis of SSc remarks the importance to 
identify the window of opportunity for an early treatment of 
the disease. While not proven, some experts have suggested 
that aggressive therapy, despite drug toxicity, is warranted in 
early SSc to prevent disease progression. However, at pres-
ent, no drug or combination of drugs has been studied ade-
quately in the “very early” disease. It should be remarked 
that calcium channel blockers, phosphodiesterase inhibitors, 
prostanoids, endothelin receptor antagonists, angiotensin 
converting enzyme (ACE) inhibitors and immunosuppres-
sive agents (as cyclophosphamide, mycophenolate mofetil, 
methotrexate) [15] have improved the survival of SSc patients 
in the last 25  years. This data highlights the importance of 
starting early treatment when it may be more effective and 
has the potential to induce durable remission.

 Clinical Case 1

A 32-year female came to our attention for the first time in 
2010 presenting a 3-year history of Raynaud phenomenon 
which worsened in the last year with associated paresthesias, 
puffy fingers, but without digital trophic lesions. Upper limbs 
arterial echocolordoppler and blood examinations were 
 normal. ANA and ACA resulted positive. Nailfold videocap-
illaroscopy showed an early scleroderma pattern [16] 
(Fig. 26.1) with rare megacapillaries and microhaemorrhages. 
Lung function tests and echocardiography were normal. She 
also referred gastro-esophageal reflux and pirosis and the 
clinical examination revealed puffy fingers. Following the 
2013 ACR/EULAR classification criteria patient was classi-
fied as SSc (score of 10). She was treated with proton pump 
inhibitor and calcium channel blockers: after 2 months, the 
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vasodilator was stopped due to severe headache. In order to 
avoid vascular complications, treatment with prostanoids was 
suggested but patient refused intravenous therapies and 
instead phosphodiesterase inhibitors were begun. 
Unfortunately, after 4 months the patient returned to clinic 
with a 2-week history of a DU and admitted to non-compli-
ance with the phosphodiesterase inhibitor. The DU was 
treated with the endothelin antagonist (Bosentan) and local 
debridement: she maintained an adequate compliance with a 
rapid healing of DU documented in approximately a month.

 Clinical Case 2

A 53-year old female that came to our attention in 2016 for 
the onset, 10 months earlier, of RP and puffy fingers. Nailfold 
videocapillaroscopy did not reveal SSc-specific abnormalities 
and the blood examinations showed ANA and anti-topoI 
positivity, a mild increase in C-reactive protein, normal blood 

Figure 26.1 Early scleroderma pattern [16]
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count and hepatic and renal function. The patient was asymp-
tomatic for dyspnoea, palpitations and gastrointestinal symp-
toms. She reported only rare episodes of RP in the winter 
season that did not limit her activities of daily life. The clinical 
examination did not reveal any sign of skin involvement. The 
echocardiography was normal and the pulmonary function 
tests showed normal lung volumes, but a diffusion capacity 
for carbon  monoxyde  (DLCO) value of 75% of predicted. 
However, given the known association of anti-topoI with an 
early organ involvement and the age of the patient at the 
onset of all symptoms also lung high resolution computed 
tomography (HRCT) and abdomen echography were per-
formed. The two examinations excluded the presence of sec-
ondary nature of the clinical picture and the HRCT did not 
show sign of fibrosis (reticulation, traction bronchiectasis or 
bronchiectasis, honeycombing) but only bilateral basal lim-
ited areas of ground glass (Fig.  26.2a). These images were 
interpreted as an initial inflammatory lung involvement and 
i.v. cyclophosphamide was started. At follow-up at 9 months 
by mycophenolate mofetil. After 1 year, the HRCT chest 
(Fig. 26.2b) showed almost a complete disappearance of the 
ground glass areas. During this year and until today lung 
function tests were normal.

a b

Figure 26.2 (a) the first HRCT with bilateral basal area of ground 
glass; (b) HRCT after 1 year shows the disappearance of ground 
glass

L. Gemma et al.
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 Discussion

These two cases show the importance of a careful evaluation 
of patients in the early stages of the disease. In fact, even in 
the absence of symptoms the involvement of internal organs 
may be already present. A comprehensive evaluation of 
organ involvement may identify the use of an effective treat-
ment in a phase of the disease when damage is still 
reversible.

It is well known that in the early phase gastrointestinal 
involvement occurs in more than 80% of the patients and 
may predict disease progression [17]. In VEDOSS patients, 
Lepri et al. [12] showed that the lower oesophageal sphincter 
pressure and peristalsis resulted significantly abnormal, and 
oesophageal symptoms were detected in 49.1%. Also in 
patients without oesophageal symptoms, peristalsis speed 
was significantly lower. These data clearly show that the 
absence of symptoms does not exclude an oesophageal 
involvement and that in asymptomatic patients GI involve-
ment should also be always suspected, and investigated. 
Additionally, lung involvement may be present in the early 
phase and should be assessed. In fact, if a DLCO reduction 
is  identified by pulmonary function tests (PFTs), a subse-
quent assessment with HRCT chest for ground glass could 
be  indicated. However, while HRCT is the gold stan-
dard examinationt in the assessment of SSs- ILD, it is charac-
terized by high level of radiation  exposure, for this 
reason  modified protocols, PFTs  [18] and lung ultrasound 
have been proposed in ILD screening and particularly for the 
patient follow-up  n order to identify patients in which the 
repetition of HRCT may be justified. In conclusion, these two 
clinical cases show that the diagnosis of SSc must be early and 
a proactive approach for internal organ screening in SSc 
patients is important from the early stages. The possibility to 
use disease-modifying drugs in this stage is still debated, but 
is an important area of research.
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Learning Key Messages

 – The presence of RP, puffy fingers and ANA positivity 
are possible signs of a very early SSc. If patients also 
present SSc-specific abs (ACA or anti-TopoI abs) and/
or abnormal capillaroscopic pattern (early, active, late) 
the diagnosis of very early SSc (VEDOSS) can be 
made.

 – A careful evaluation of patients in the early stages of 
the SSc is recommended because organ involvement 
may be already present even in the absence of 
symptoms.

 – Esophageal manometry, B-mode echocardiography and 
lung function tests are recommended to detect preclini-
cal alterations of internal organs in SSc.
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Hepatobiliary involvement is reported in about 7.5% of indi-
viduals affected by systemic sclerosis (SSc), with primary bili-
ary cholangitis (PBC) diagnosed in about 60% of cases [1].

About 25% of patients affected by SSc show positivity for 
antimitocondrial antibody (AMA), the pathognomonic anti-
body of PBC, while 9–30% of PBC patients present a positive 
anticentromere antibody (ACA), the hallmark antibody of 
SSc [2]. It is estimated that 1.4–12.3% of PBC patients have 
concomitant SSc, in most cases represented by the limited 
cutaneous variant [3–5]. The pathogenesis of this association 
remains unclear but it has been suggested that common pre-
disposing HLA alleles might exist [6].

Baseline biochemical values and overall survival rates are 
similar in patients with PBC alone and patients with PBC and 
SSc [1, 3, 7]. Pruritus and fatigue at diagnosis are more com-
mon in PBC alone, while patients with PBC-SSc appear to be 
more prone to develop septic complications [3].
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Furthermore, patients with PBC alone seem to have a 
more rapid liver disease progression and a greater risk of 
liver transplantation (LT) and liver-related mortality, whereas 
PBC-SSc patients have higher rates of deaths from other 
causes [3].

 Epidemiology of PBC

PBC is a chronic autoimmune cholestatic liver disease char-
acterized by non-suppurative inflammation and subsequent 
destruction of the intrahepatic bile ducts. The disease is rela-
tively rare, with a prevalence of 35–40/100,000 inhabitants.

and an estimate yearly incidence of 1–2 per 100,000 [8–10]; 
it is characterized by chronic cholestasis and typically affects 
middle-aged women (female to male ratio 9:1) [11, 12].

In about 95% of cases, PBC is characterised by the pres-
ence of AMA positivity [13]. Disease-specific antinuclear 
antibodies (ANA), anti-gp210 and anti-sp100, are also diag-
nostic and detected in up to 30% of AMA negative patients 
[14, 15].

PBC is likely the result of an interaction between environ-
mental factors and genetic susceptibility, as confirmed by the 
identification of a large number of associated genetic loci in 
Genome-Wide Association Studies [16]. This explains why 
first-degree relatives, in particular females, carry a 10–35% 
increased risk of developing the disease compared to the 
general population [17]. Extrahepatic manifestations are seen 
in up to 73% of PBC patients, with SSc occurring in about 
10% of cases within PBC cohorts [3, 7, 18].

 Diagnosis

A diagnosis of PBC is established by the presence of persis-
tent (>6 months) otherwise unexplained cholestasis [defined 
by an elevation of alkaline phosphatase (ALP) and/or 
gammaglutamyl- transpeptidase] associated with positive 
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disease- specific autoantibodies (AMA>1:40 and/or PBC- 
specific ANA). A liver biopsy is required only in patients 
presenting with cholestatic serum biochemistry but negative 
diagnostic autoantibodies [11, 19] (Fig.  27.1). Typical histo-
logical features of PBC are florid bile duct lesions, mainly 
consisting of infiltrating T-lymphocytes, which affect inter-
lobular and septal bile ducts and lead to the formation of 
non-suppurative epithelioid granulomas and progressive bile 
duct loss [20, 21]. In patients with SSc, the criteria for a diag-
nosis of PBC are not different. Similarly, in PBC patients a 
diagnosis of  concomitant SSc is based on the standard diag-
nostic criteria [22, 23]. In the majority of PBC-SSc cases, the 
diagnosis of SSc predates that of PBC, and PBC is diagnosed 
at a younger age compared to individuals with PBC alone [3].

 Natural History

The clinical course of PBC may be highly variable. The dis-
ease is generally slowly progressive, but can cause advanced 
liver fibrosis, cirrhosis and portal hypertension. Complications 
of portal hypertension include the development of ascites, 
oesophageal varices/variceal bleeding and hepatic encepha-
lopathy. Cirrhotic patients are at risk of developing hepato-
cellular carcinoma, although its incidence in PBC is lower 
than in liver disease of other aetiologies [24]. The estimated 
mean survival in untreated patients is about 10 years from 
presentation [25].

Liver transplantation remains the definitive treatment for 
end-stage PBC but is also considered in patients with refrac-
tory pruritus. Post-transplant outcomes are generally better 
than for most of other chronic liver diseases, with a 5-year 
survival of up to 85% [26, 27]. Histological disease recurrence 
occurs in almost 70% of transplanted patients, at 15 years [28]. 
However, recurrent disease rarely leads to graft failure [29].

A lower rate of liver transplantation and, possibly, slower 
liver disease progression, have been described in PBC 
patients with concomitant SSc [3]. Despite this, cumulative 
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survival is not different in PBC patients with or without SSc, 
since in PBC-SSc patients the reduced liver-related mortality 
is disguised by an increased mortality due to other causes [3, 
7]. Likely for the same reason, overall survival does not differ 
in patients with SSc with or without concomitant PBC [1].

 Clinical Manifestations

PBC is frequently associated with symptoms such as fatigue, 
cholestatic pruritus, sicca syndrome and abdominal discom-
fort. These symptoms are not associated with prognosis but 
are often difficult to manage and can be debilitating [30]. Up 
to 60% of individuals are completely asymptomatic at diagno-
sis [31]. The overall prevalence of liver-associated symptoms is 
not significantly different between patients with PBC alone 
and patients with PBC-SSc, although pruritus and fatigue at 
diagnosis seem to be more frequent in PBC alone [3].

Hyperlipidemia is present in approximately 80% of 
patients, but there is no evidence for an increased cardiovas-
cular risk, since the lipid elevation consists mainly of high-
density lipoprotein (HDL) cholesterol and lipoprotein X [19].

 Extrahepatic Autoimmune Conditions 
Associated with PBC

PBC patients have a higher prevalence of autoimmune dis-
eases compared to the age and sex-matched population. Up 
to 10% of patients present features of autoimmune hepatitis 
(“AIH-PBC overlap syndrome”) and may benefit from 
immunosuppressive treatment [32].

The most common concomitant extrahepatic autoimmune 
conditions are Sjögren’s/sicca syndrome, Raynaud’s disease, 
autoimmune thyroid disease, CREST syndrome (Calcinosis, 
Raynaud’s, Esophageal dysfunction, Sclerodactyly, and 
Telangectasias) and scleroderma [7] (Table 27.1). Telangiectasia 
and calcinosis appear to be less frequent features in SSc 
patients with associated PBC [33].
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Table 27.1 Typical features of primary biliary cholangitis
Characteristic of PBC patients Prevalence
F:M rate 1:9

Mean age at diagnosis 55 years

AMA positivity 95%

Anti-sp100 and/or anti-gp210 positivity In 30% of AMA 
negative patients

Elevated IgM Very frequent

Hypercholesterolaemia (HDL), cutaneous 
xantomas and xantelasmas

Up to 80%

Frequently associated symptoms

Chronic fatigue 80%

Cholestatic itch 40–80%

Dry eyes and mouth (sicca syndrome) 60–70%

Right upper quadrant pain 8–17%

Depression/cognitive dysfunction 30–45%

Autonomic dysfunction 60–100%

Restless leg syndrome

Sleep disturbance

Associated disease

Autoimmune hepatitis 8–10%

Sjögren’s/sicca syndrome 60–70%

CREST syndrome 3–4%

Autoimmune thyroid disease Up to 25%

Raynaud’s disease 25–30%

Cutaneous autoimmune disease 9–10%

Systemic sclerosis 8–12%

Osteopaenia/osteoporosis 30–44%
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 Risk Stratification

Male gender, a younger age at presentation (<45 years) and 
the presence of symptoms are associated with poorer 
response to treatment, quicker progression and worse prog-
nosis [34, 35].

The Mayo risk score [36], and the model for end-stage liver 
disease (MELD) score [37] are very good predictors of death 
but are not sensitive markers of progression in the early 
stages of the disease. ALP and bilirubin have been recently 
validated as robust pre-treatment predictors of response [38] 
and can be therefore used as surrogate markers of outcome 
in PBC [11].

Some histological characteristics and the direct measure-
ment of the hepatic venous pressure gradient correlate with 
the probability of death or LT in PBC [39, 40]. Lately, the 
development of non-invasive methods (e.g. elastography) has 
considerably reduced the use of such invasive procedures in 
routine clinical practice [41].

The recently developed GLOBE score and UK-PBC 
score, which incorporate measures of treatment response and 
parameters of disease severity, seem to accurately predict 
death or LT in PBC [42, 43]. None of these tools to predict 
disease progression and outcomes has been evaluated in 
patients with PBC-SSc.

Table 27.1 (continued)
Characteristic of PBC patients Prevalence

Systemic lupus erythematosus 3–4%

Rheumatoid arthritis 1.8–5.6%

Coeliac disease 6%

Autoimmune anaemia Uncommon

Abbreviations: PBC, Primary biliary cholangitis; AMA, antimito-
condrial antibody; HDL, High-density lipoprotein; CREST, 
Calcinosis, Raynaud’s, Esophageal dysfunction, Sclerodactyly, and 
Telangectasias
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 Treatment

Ursodeoxycholic acid (UDCA) at a daily dose of 13–15 mg/kg 
is the first-line treatment in PBC and leads to biochemical 
improvement in 60–70% of patients [44–46]. Histological 
improvement has also been reported [40]. A number of criteria 
assessed at 6–24 months after initiating treatment have been 
proposed as surrogate endpoints for clinical outcomes on 
treatment. The Toronto criteria (ALP <1.67 × ULN and/or bili-
rubin <2 ULN) are most widely used in clinical practice [19]. 
Patients who do not respond to UDCA have worse transplant-
free survival, while responders have similar outcomes to age 
and sex-matched control patients without PBC [47].

PBC does not respond to the conventional immunosup-
pressive therapies [48]. Furthermore, a recent meta-analysis 
failed to demonstrate a clear beneficial effect on outcomes 
such as survival, LT, development of cirrhosis or decompensa-
tion, of any of the pharmacological treatments investigated 
until now [49].

Recently, obethicolic acid (OCA), a semi-synthetic hydro-
phobic bile acid analogue highly selective for the farnesoid X 
receptor (FXR), has been licensed, in addition to UDCA, for 
patients who have inadequate response or as a monotherapy 
in the small number of patients intolerant to UDCA [11]. 
OCA (initial dose 5 mg/day, titrating to 10 mg/day at 6 months, 
if tolerated) has been shown to be effective in improving liver 
biochemistry (ALP, bilirubin) in such cases, but its longer-
term effects on clinical outcomes are still being evaluated. 
Furthermore, OCA therapy is associated with a dose-depen-
dent exacerbation of pruritus, which leads to treatment dis-
continuation in up to 10% of patients. OCA should be used 
with caution at lower doses in patients with decompensated 
cirrhosis. An alteration of the serum lipids profile (in particu-
lar a reduction of the HDL levels) has also been described, 
although the impact on the general cardiovascular risk is still 
unknown [19].

Other treatment options include the off-label use 
of fibrates and budesonide (Fig. 27.1). However, confirma-
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tory efficacy and safety data from phase III trials are 
awaited and survival benefit has yet to be demonstrated 
[11, 19].

Patients with SSc-PBC are more likely to receive immuno-
suppressive therapies, but these are known to be ineffective 
in PBC [48]. On the other hand, there is currently no evi-
dence that SSc-PBC behaves differently to PBC alone in 
terms of treatment response, although specific data are lack-
ing. Hence, the current recommendation is that SSc-PBC 
patients are treated, and their treatment response evaluated, 
similarly to patients with PBC alone.

Cholestatic pruritus is one of the most frequent symptoms 
experienced by PBC patients and may severely impact on 
quality of life. Cholestyramine, a non-absorbable bile- 
sequestrant resin, is the first-line of treatment, although often 
poorly tolerated due to the frequently associated side effects 
such as bloating and constipation.

Rifampicin is used as second-line agent, although there 
are some concerns regarding the safety profile (in particular 
hepatotoxicity), therefore liver function tests should be 
regularly monitored in treated patients. Naltrexone and 
Naloxone (opiate antagonists) are increasingly used as 
third-line therapy, but opiate withdrawal-like reactions or 
reduced threshold to pain may complicate long-term treat-
ment. Finally, sertraline (a selective serotonin reuptake 
inhibitor) and gabapentin are used empirically in patients 
with pruritus not responsive to the above medical treatment 
[11, 19].

Chronic fatigue is reported by over 50% of PBC patients 
and is severe in up to 20% of cases. Severe fatigue is refrac-
tory to medical treatment and usually persists after LT. The 
current guidelines recommend seeking treatable causes of 
fatigue (e.g. hypothyroidism, anaemia, sleep disturbance, 
chronic co- morbidities). Managing concomitant symptoms 
such as nocturnal pruritus, dehydration, restless legs, auto-
nomic dysfunction and depression may help reducing 
fatigue; structured exercise seems to have a positive effect 
[11, 19].
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 General Measures

Vitamin D levels and bone densitometry should be regularly 
assessed in patients with PBC, and the evidence of vitamin D 
deficiency, osteopaenia or osteoporosis treated with standard 
bone protective measures. PBC patients with concomitant 
metabolic syndrome and cardiovascular risk factors should 
be treated with cholesterol-lowering agents as per general 
practice [11, 19].

Patients with extrahepatic autoimmune conditions or asso-
ciated symptoms resistant to medical treatment should be 
referred for specialist management (Fig. 27.1).

 Conclusions

Screening for PBC amongst those affected by SSc is impor-
tant to allow early diagnosis and treatment, which may 
improve patient outcomes.

While the natural history, risk stratification and need for 
second-line therapies in patients with PBC associated with 
SSc is poorly evaluated, currently a multidisciplinary approach 
to management is warranted in these complex cases.
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 Introduction

Systemic sclerosis or scleroderma is an autoimmune disorder 
hallmarked by autoantibodies, vasculopathy and pathologic 
collagen deposition and fibrosis which can affect many 
organs. The major subtypes of the disease include limited 
cutaneous (lcSSc), diffuse cutenaous systemic sclerosis 
(dcSSc), sine scleroderma, and systemic sclerosis overlap syn-
dromes [1]. While the classic manifestation of most subtypes 
may be skin thickening, many can also have articular involve-
ment of varying degrees [2]. Articular involvement can vary 
with manifestations such as arthralgias, inflammatory arthri-
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tis, tendon friction rubs, tenosynovitis, flexion contractures, 
acro-osteolysis and erosive joint damage [3]. According to the 
“15% rule” of systemic sclerosis, defined by a 2013 systematic 
review, approximately 9–16% of patients with systemic scle-
rosis have concomitant inflammatory arthritis and far more 
with joint pain [4]. In some series, approximately half those 
patients need disease modifying drugs for their arthritis [4]. 
The presence of different subtypes of inflammatory arthritis 
has been previously described in the literature [2–4] however, 
there is currently no consensus on classification of inflamma-
tory arthritis/joint involvement in SSc, or definitive manage-
ment strategies depending on the musculoskeletal features 
seen in scleroderma patients. Other joint pain can occur from 
complications that are not part of inflammatory arthritis such 
as flexion contractures from ulcers at the proximal interpha-
langeal joints (PIPs).

Inflammatory arthritis can be present in all subsets of SSc 
(such as lcSSc and dcSSc). Some patients will have an overlap 
with rheumatoid arthritis (RA) and this occurs at a low fre-
quency (approximately 3%) of those with SSc [2]. Some SSc 
patients have an overlap with systemic lupus erythematosus 
(SLE) and can manifest non-erosive inflammatory arthritis 
and even Jaccoud’s arthropathy (with reducible sublux-
ations). Even more rare is a mutilans type of inflammatory 
arthritis with severe periosteal resorption, contractures, fore-
shortening of digitals and large erosions [5, 6].

 Prognostic Factors in Scleroderma Associated 
Inflammatory Arthritis

Inflammatory arthritis is one of the recognized musculoskel-
etal complications of SSc [1–4, 6–8] hence identification of 
poor prognostic factors could weigh into the decision of pur-
suing more aggressive therapies to prevent joint damage and 
disability. Studies from the European Scleroderma Trials and 
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Research group (EUSTAR) registry have demonstrated that 
findings of synovitis early on in SSc are associated with a 
higher chance of the disease progressing to diffuse SSc [9].

Seropositivity with rheumatoid factor (RF) and/or anti- 
cyclic citrullinated peptide antibody (ACPA) in addition to 
common SSc antibodies results in a worse prognosis. 
Kamalaksha et  al. studied 132 SSc patients (with either 
lcSSc or dcSSc) and found a statistically and clinically sig-
nificant association of double positivity with more arthral-
gias and erosive joint damage on radiographs (Xrays) [3]. 
Those with anti-CCP positive serology alone were also 
found to have more erosive disease on Xrays of the hands 
[3]. Others have studied ACPA positivity (measured by anti-
cyclic citrullinated peptide; anti-CCP) in scleroderma and 
have found an association with higher frequency of arthritis 
as well as pulmonary, esophageal, and more skin involve-
ment [10]. It is our impression that RA can overlap approxi-
mately equally in dcSSc and the lcSSc subsets whereas other 
forms of inflammatory arthritis (IA) are likely higher in 
dcSSc [2].

Socioeconomic status has been known to be associated 
inversely with many health outcomes. Mansour and col-
leagues specifically looked at this issue in SSc patients with 
from the Scleroderma Canadian Registry Group (CSRG) 
registry [11]. The group used level of education as a surrogate 
marker to assess outcomes in scleroderma patients. 
Interestingly, it was found that after adjusting for confound-
ers associated with lower levels of education and controlling 
for other comorbid variables, lower level of education was 
not associated with worse prognosis [11]. They did find that 
mortality was higher with age, diffuse cutaneous disease, 
 elevated pulmonary artery pressures, and lower diffusion 
capacity. However, inflammatory arthritis was not reported 
to be associated with higher mortality [11]. Thus, data are not 
fully consistent that positive RF is associated with a worse 
prognosis in SSc when adjusting for other variables.
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 Types of Arthritis

Historically, a few variants of arthritis have been described in 
patients with SSc. There are reports of overlap syndromes 
such as SSc and rheumatoid arthritis (RA), with erosive 
arthropathy and positive rheumatoid factor and/or anti- 
citrullinated protein antibody (ACPA) as hallmark of the 
arthritis type seen in these group of patients [2, 6, 8] . In a 1981 
focused review, Blocka et al. identified several lcSSc patients 
with overlaying arthropathy and summarized several patterns 
of musculoskeletal manifestations including erosive arthritis 
of the hands with also ankylosis, juxta-articular demineraliza-
tion, marginal and dorsal erosions, in addition to already 
described acro-osteolysis seen in many patients with SSc [2]. 
Basset and colleagues further described findings in SSc which 
included many similar features to rheumatoid arthritis (RA) 
such as metacarpophalangeal (MCP) and proximal interpha-
langeal (PIP) erosions while also displaying phenotypes of 
arthritis mutilans, arguing that this erosive arthropathy is in 
fact an independent clinical entity [8]. Furthermore, a review 
from a Hungarian registry with SSc-RA overlap patients 
found several allelic and phenotypic differences in patients 
with the overlap syndrome compared to the respective SSc-
only, RA-only, and healthy controls [12]. American College of 
Rheumatology (ACR) criteria was used for diagnosis of RA 
and SSc and identified 22 cases of overlap syndrome (fulfilling 
both sets of criteria) out of a total of 447 patients in the regis-
try. There were 17 patients with lcSSc and 5 with dcSSc. The 
genotypic comparators groups were 100 RA patients, 38 SSc 
patients, and 50 healthy controls. Of the patients with lcSSc 14 
out of 17 had joint destruction and erosion, compared to 4 out 
of 5 patients with dcSSc. The authors did not comment on the 
particular type of inflammatory arthritis but mentioned that 
RF and ACPA positivity were observed at 73% and 82% 
respectively in their overlap cohort [12]. The authors also 
assessed a number of HLA-DR genotypes. They reported 
increased frequencies of HLA-DR3, DR7, DR11, and 
DRw53  in overlap patients compared to RA controls. 
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HLA-DR1 and DR4 were increased in both overlap patients 
and RA controls compared to SSc patients and healthy con-
trols. The study demonstrated an increase in SSc associated as 
well as RA associated alleles in the overlap patients [12].

On the same spectrum, there are patients with clinical 
manifestations of other diseases such as inflammatory myosi-
tis or systemic lupus erythematosus (SLE) along with bio-
chemical and phenotypic manifestations of SSc (both skin 
limited and diffuse) [13]. Some SSc patients with polyarthritis 
had features of SLE or inflammatory myositis (IM), while 
only a subgroup had erosive arthritis on imaging [4, 13].

Perhaps the inflammatory arthritis spectrum in SSc 
patients is linked to various genetics where a phenotype of 
non-erosive arthritis and features overlapping with SLE 
could be due to HLA DR2 or HLA DR3 whereas RA over-
laps especially with RF and/or ACPA antibodies could have 
HLA DR4 and those with severe periosteal resorption and 
large erosions also have acro-osteolysis and are likely differ-
ent genetically as the phenotype is very different from other 
subtypes. Joint, tendon and bone involvement in SSc may 
cluster but not necessarily. Acro-osteolysis is likely more 
associated with severe Raynaud’s and vasculopathy and 
likely has a genetic component. Tendon friction rubs are more 
common in the dcSSc patients and especially in those with 
more active skin involvement.

SSc patients with inflammatory arthritis, joint contractures 
and/or tendon friction rubs have a more severe disease 
course and more systemic inflammation [9].

 Diagnosis of Arthritis in SSc

Musculoskeletal involvement in scleroderma is common 
[14] but unfortunately often overlooked as internal organ 
involvement can overshadow other manifestations [1]. 
Concomitant immobility, skin fibrosis, soft tissue finger 
swelling and calcinosis of periarticular structures, seen in 
many patients with SSc poses a diagnostic challenge when 
assessing for arthritis [15].
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Diagnosis of inflammatory arthritis relies on a thorough 
history to elucidate if there is any fusiform joint swelling, 
joint pain or stiffness, any limitation in range of motion 
(ROM), tendonitis, or any tendon friction rubs [16, 17]. 
Physical exam findings include synovial thickening, swelling 
at different joints in the hand (wrist, MCP, PIP, and rarely DIP 
involvement) super-imposed on skin findings. Some can prog-
ress to claw hand deformity as a result of flexion contractures 
even when no underlying inflammatory arthritis is present 
(Figure). Inflammatory arthritis may be difficult to diagnose 
and sometimes is confirmed on X-ray with joint damage, or 
joint ultrasound or MRI [8, 16]. Patients may also have con-
comitant osteoarthritis (OA), gout or chondrocalcinosis or 
pseudogout which need to be distinguished from SSc associ-
ated inflammatory arthritis. Pattern recognition for inflam-
matory arthritis vs. OA is important as well as looking for 
hints for gout (tophi which may be difficult to differentiate 
from calcinosis, high serum uric acid, acute transient joint 
erythema or a RA like pattern if from high uric acid from 
diuretics but involvement of atypical RA joints such as 
DIPs). Figure  28.1 shows the diagnostic algorithm for joint 
symptoms in someone with SSc. Table  28.1 lists types of 
inflammatory arthritis in scleroderma.

Serological investigations for the presence of RF or ACPA 
can be useful in determining prognosis (more likely to have 
erosive arthritis) vs. anti-DNA positive with SLE overlap 
(more likely to be non-erosive arthritis). The treatment may 
also be guided if initial disease modifying drugs are insuffi-
cient according to serology. ACPA and RF had been 
 implicated in erosive SSc and possibly also in the presence of 
an overlap syndrome [3, 9, 16, 18]. Inflammatory markers 
such as C-reactive protein (CRP) and erythrocytes sedimen-
tation rate (ESR) can be used to assess systemic inflamma-
tion in relation to presenting symptoms. The inflammatory 
markers may also be followed as assessment of disease activ-
ity. For instance, in RA outcome measurements are followed 
such as the tender joint count, swollen joint count, physician 
and patient global assessment of arthritis activity, pain, morn-
ing stiffness and CRP and/or ESR. Figures  28.2 and 28.3 
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Table 28.1 Arthritis subtype patterns and associated features
Arthritis 
Subtype

Signs & Symptoms 
on history

Radiologic 
findings

Treatment 
modalities

Erosive 
polyarticular

Painful swollen  
joints, could be  
RA like
Or patients with 
overlap syndromes

Erosive  
changes  
(RA like)  
such as wrists,  
MCPs

Treat like RA
Methotrexate
Other 
conventional 
synthetic 
DMARDs
Leflunomide
TNF inhibitors
  Etanercept
  Infliximab
  Adalimumab
  Certolizumab 

pegol
  Golimumab
Other biologics
Rituximab
IL6 inhibitors
  Tocilizumab
  Sarilumab
Abatacept
Jak inhibitors
  Tofacitinib
  Baricitinib
  Upadacitinib
Adjunctive
NSAIDs
Low dose 
glucocorticoids

Erosive 
arthritis  
with 
ankylosis

May look more 
like seronegative 
spondyloarthropathy 
or rheumatoid 
arthritis but no  
range of motion 
where ankylosing 
occurs

Xrays show  
joint ankylosis 
and erosions

Likely treat like 
polyarticular 
erosive arthritis
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Table 28.1 (continued)

Arthritis 
Subtype

Signs & Symptoms 
on history

Radiologic 
findings

Treatment 
modalities

Non-erosive Arthralgia, 
inflammatory 
arthritis

No erosions on 
Xrays

NSAIDs
Low dose 
glucocorticoids
Hydroxychloro-
quine
Possibly if 
overlapping 
with SLE and 
uncontrolled 
arthritis
Belimumab
Rituximab

Mutilans Inflammatory 
arthritis and rapid 
development of 
deformities, possibly 
shortening of the 
digits

Large erosions 
and periosteal 
resorption

Conventional 
synthetic 
DMARDs
Methotrexate
Leflunomide
Rapid addition 
of TNF inhibitor
If failing above 
treatments, 
follow the 
RA treatment 
algorithm
Unknown if
IL17 inhibitors
IL12 inhibitors
IL 12/23 
inhibitor would 
be of benefit

Non arthritic 
bone 
abnormalities
Acro-
Osteolysis

Tuft resorption Classic tuft 
resorption of 
digits on X-ray
May or may 
not have 
inflammatory 
arthritis

Unknown if 
there is no 
inflammatory 
arthritis
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demonstrate joint and soft tissue changes seen in patients 
with scleroderma.

In addition to serology, radiographs have been used in 
identifying different phenotypes in patients with SSc. A 
radiographic survey from 1981 documented articular changes 
in patients with SSc [2]. Joint-specific radiological abnormali-
ties were assessed in 55 patients with dcSSc and 10 with lcSSc 
and found to include joint-space narrowing, marginal ero-
sions, juxta-articular demineralization, and ankylosis both at 
baseline and at 29-month follow-up, with a higher frequency 
in the dcSSc patients. These findings have been described in a 

a b

c

d

Figure 28.2 Photographs of joint changes in scleroderma. (a) Puffy 
fingers and synovitis in a patient with lcSSc, (b) SSc with polyarticu-
lar IA in dcSSc and PIP flexion changes, (c) SSc with tenosynovitis 
of palm and dactylitis, (d) Swelling and severe deformities
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number of other case series and database analyses [7, 16, 19, 
20]. Ultrasound as well as magnetic resonance imaging 
(MRI) have also been used to better characterize joint and 
synovial involvement but are not necessarily routinely 
 performed [21–23]. Ultrasound abnormalities observed 
include synovitis and tenosynovitis with layering appearance, 
calcinosis, and acro-osteolysis [21]. Comparisons between 
X-ray and ultrasound data, show more subtle inflammatory 
changes being detected by ultrasound [22] and other muscu-
loskeletal manifestations may be more easily seen with ultra-
sound such periarticular calcinosis or acro-osteolysis [21].

a b

c

d

Figure 28.3 Other MSK changes in SSc, (a) Claw hands and tuft 
resorption, (b) Claw hands and PIP bony change, (c) Calcinosis right 
finger tip and right fourth flexor tendon, (d) Flexion contracture of 
PIPs with ulcers
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In terms of distribution of inflammatory arthritis between 
lcSSc and dcSSc, Blocka and colleagues reported more pro-
gression of joint symptoms in the diffuse subset [2]. Others 
have reported similar occurrence of IA in dcSSc and lcSSc 
[24]. A series of 58 patients with SSc showed that approxi-
mately 19% had clinical arthritis and up to ¼ had arthritis on 
Xrays with the frequency being the same in both subsets. 
Patients with an overlap syndrome were also reported to 
have more erosive or deforming arthritis [12, 25].

Apart from arthritis, there are several other musculoskel-
etal manifestations of SSc. Several groups have reported 
presence of flexion contractures, subcutaneous or tendinous 
calcinosis, tuft resorption in hands and feet, rib margin 
resorption, bursitis, tenosynovitis, tendonitis, tendon friction 
rubs as well as shoulder syndromes such as adhesive capsuli-
tis or synovitis of the acromioclavicular joint [2, 8, 13, 16, 21, 
22, 26]. Others have presented cases of myositis-SSc overlap 
with elevated CK and serological profile (anti-PM Scl) in 
addition to scleroderma features [4, 13, 27]. Presence of fibro-
myalgia syndrome is also well described in patients with 
scleroderma, ranging from 18–30% [26, 28] depending on the 
publication and screening tool used.

Studies are lacking to clearly delineate and validate each 
type of arthritis in patients with concurrent SSc. Nonetheless, 
the features described in the literature, in combination with 
clinical findings can be utilized to create a tailored treatment 
plan for each subset of patients. Table 28.1 illustrates a sum-
mary of the subtypes observed and their respective proposed 
treatment modalities.

 Who Gets Inflammatory Arthritis in SSc

Approximately 15% of patients with SSc have IA [4]. It may 
be more common in dcSSc than lcSSc (or equal) [2, 25]. The 
clinical presentation of IA, presence or absence of an overlap 
with RA or other connective tissue disease, serology and 
hand/feet Xrays may be helpful in determining the pattern/
type of IA and potential treatment and prognosis.
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 Other MSK Features in SSc

The differential diagnosis of musculoskeletal (MSK) symp-
toms in SSc is broad. There may be IA related to SSc, other 
joint, bone, muscle or tendon problems that are due to SSc 
(calcinosis, contractures, tuft resorption, carpel tunnel, myop-
athy, myositis, tenosynovitis, tendon friction rubs, adhesive 
capsulitis, etc.) and other problems unrelated to scleroderma 
(osteoarthritis, gout, other crystal arthritis, tendonitis) or 
fibromyalgia which is increased in patients with connective 
tissue diseases.

 Treatment

 Non-pharmacological

Patient education around SSc is an important consideration 
given the day-to-day challenges that patients face as a result 
of multi-organ involvement of SSc. Educational gaps have 
been identified for SSc patients [29] and pilot educational 
interventions have reported improved patient-reported out-
comes [30, 31]. To date, there are no specific studies looking 
at educational interventions as they pertain to inflammatory 
arthritis in patients with SSc.

Several physiotherapy (PT) or occupational therapy (OT) 
interventions have been assessed in patients with SSc with 
varying results. Landim et  al. reported positive results on a 
home-based program designed to improve hand function, 
mobility, and pain [32]. Stafenantoni and colleagues also 
noted improved hand function with OT interventions [33] in 
their pilot study however, a larger randomized controlled trial 
did not reveal statistically significant differences in health 
assessment questionnaire (HAQ) scores in patients with a 
personalized PT program, though there were short- term 
improvements [34]. Other interventions for hand physiother-
apy have been designed using an internet-based treatment of 
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patients from multiple countries witin the Scleroderma 
Patient-centred Intervention Network (SPIN) but the studies 
have not been completed so results for this method of treat-
ment using expertise over the internet for hand therapy in SSc 
are unknown [https://www.spinsclero.com].

Improving range of motion, resting and stretching joints to 
prevent/reduce contractures with exercises and hand splint-
ing is common in SSc for arthritis or for skin/tendon involve-
ment. Orthotics can be used for pain due to IA or loss of 
fascia in the feet which is seen in some patients with SSc.

 Pharmacological Treatment

 Analgesics and NSAIDs

Analgesics are considered adjunctive treatment in SSc such 
as acetaminophen/paracetamol, topical treatment (capsaicin 
cream) and possibly even weak narcotics (tramadol). 
However, many patients use nonsteroidal anti-inflammatory 
drugs (NSAIDs) to treat pain and inflammation from MSK 
pain in SSc.

NSAIDs can be used as topical (diclofenac) or oral. They 
increase the risk of ulcers and may be prescribed with a pro-
ton pump inhibitor for patients at risk of gastrointestinal (GI) 
bleeding (such as older patients, patients with past GI bleeds 
or gastric ulcers, erosive esophagitis, gastric antral vascular 
ectasia, etc). Often NSAIDs are prescribed on an as needed 
basis for joint pain, stiffness and swelling but they can be used 
chronically. Caution should be exercised if there is renal 
impairment, congestive heart failure, hypertension or signifi-
cant anemia.

 Low Dose Corticosteroids

Some patients with puffy hands and/or active inflammatory 
arthritis are prescribed low dose prednisone (prednisolone). 
The dose is often 10 mg daily of prednisone. Blood pressure 
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monitoring is necessary when prescribing corticosteroids to 
patients with early active dcSSc as they can increase the risk 
of scleroderma renal crisis (SRC); especially if the patient is 
positive for RNA polymerase3 antibody, but this test is not 
readily available as part of the ENA. However, SRC is less 
likely to occur if using low dose prednisone compared to 
higher doses. This treatment could be considered adjunctive 
or bridging until a disease modifying drug is successful.

 Disease Modifying Anti-Rheumatic Drugs 
(DMARDs)

There are no formal guidelines when it comes to treatment 
of SSc-associated inflammatory arthritis. The drugs pre-
scribed are mostly from evidence in other types of inflamma-
tory arthritis such as RA [7]. Synthetic conventional disease 
modifying antirheumatic drugs such as methotrexate have 
long been utilized as it helped both skin and joint symptoms 
[1, 7, 35]. Tradition or conventional synthetic DMARDs that 
could be considered for polyarticular IA include methotrex-
ate, hydroxychloroquine, leflunomide, azathioprine and 
mycophenolate mofetil. The most recent attempt at unifica-
tion of treatment algorithms was put forth by Fernández-
Codina and colleagues. The authors included SSc experts 
from both Scleroderma Clinical Trials Consortium (CSTC) 
and the Canadian Scleroderma Research Group (CSRG) to 
determine treatment algorithms in SSc including inflamma-
tory arthritis [36]. Experts were surveyed in three rounds: In 
round 1 they were asked about their agreement with the 
treatment strategy based on the previous 2012 algorithm and 
to make changes where appropriate [37]; then they were 
provided with frequencies of agreement with the previous 
algorithm and were again asked what they would add as sec-
ond or switch to as the next line treatment. The third round 
of the survey was conducted to finalize the proposed algo-
rithm and allow for modifications with respect to the line of 
therapy [36].
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Regarding inflammatory arthritis in SSc, 45% of the 
experts responding to the survey agreed that conventional 
synthetic DMARDs were the first line of therapy. They 
varied on agreement of which DMARD but 59% did 
choose methotrexate, followed by 27% choosing hydroxy-
chloroquine [36]. Low doses of glucocorticoids were added 
if needed and combination with methotrexate and hydroxy-
chloroquine and then consideration of biologic treatment 
such as rituximab or tocilizumab [36]. Many others have 
suggested using low dose corticosteroids in conjunction 
with other csDMARDs in SSc associated inflammatory 
arthritis [1, 7] . The expert consensus also found an over-
whelming 75% who reported they would consider low dose 
glucocorticoids if there were no safety concerns [36]. Most 
did however refer to this as a second line option, especially 
as corticosteroids in patients with dcSSc could precipitate 
scleroderma renal crisis and hence in those patients, the 
use of steroids should be evaluated judiciously and blood 
pressure carefully monitored if prescribed in dcSSc or 
early SSc [17].

With respect to biologic DMARDs (bDMARDs), anti- 
TNF agents have been used in refractory cases of inflamma-
tory arthritis associated with SSc. Etanercept and infliximab 
were evaluated in previous observational studies [38, 39]. 
Some reports showed promising results with respect to 
improved signs (synovitis) and symptoms (pain, stiffness, 
Health Assessment Questionnaire (HAQ) scores) [38]. The 
etanercept study reported an 83% response rate (15 of 18 
patients) in terms of improvement and/or resolution of joint 
symptoms as well as a decrease in HAQ and Rodnan skin 
score [40]. The infliximab study did not demonstrate any clear 
benefit in decreasing skin involvement using the modified 
Rodnan skin score (mRSS) but the study did not have inflam-
matory arthritis as an outcome [41].

Tocilizumab and abatacept have been evaluated and 
shown efficacy in treatment of polyarthritis in SSc in case 
series, though not as efficacious in addressing myositis symp-
toms [42]. Elhai et  al. published on15 patients prescribed 

M. M. Kazem and J. E. Pope



355

tocilizumab and 12 on abatacept; and of the 15 patients on 
tocilizumab, 10 were good responders and 4 were moderate 
responders for articular outcomes as per EULAR response 
criteria [42]. The abatacept group was also improved their 
inflammatory arthritis but in those with myopathy improve-
ment was not statistically significant [42]. Other outcomes 
such as skin changes were not reported. Although experts 
commonly reported rituximab for inflammatory arthritis in 
SSc, most reports of rituximab in SSc have concentrated on 
skin and lung outcomes [36].

 Cannabinoids

There are multiple cannabinoid receptors in various organs. 
Some patients with arthritis such as RA use medical cannabis 
that is mostly cannabidiol (CBD) to help for pain. There are 
drugs that affect the endocannabinoid pathway being studied 
in SSc and they may or may not alter inflammatory arthritis 
as the primary area of study is skin fibrosis [43, 44].

 Proposed Outcome Measurements in SSc 
Clinical Trials for Inflammatory Arthritis

The heterogeneity of presentation of musculoskeletal symp-
toms in patients with scleroderma makes it challenging to 
outline unanimously agreed-upon metrics that are deemed 
appropriate surrogates or outcomes in clinical trials. 
Therefore, experts have put forth recommendations to con-
sider in design of clinical trials when assessing efficacy of 
non- pharmacologic and pharmacologic interventions in SSc 
[14, 45].

Clements et  al. proposed a trial design where validated 
outcome measures are included as primary endpoints in 
assessment of joint involvement [14]. The group further rec-
ommended trial length that should be conducive to detection 
of meaningful differences in the proposed primary outcomes 
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represented by validated measures. Further recommenda-
tions on trial design included use of strong designs such as 
randomized controlled double-blind trials and inclusion 
patients with both limited and diffuse SSc with active inflam-
matory arthritis if testing a treatment for this purpose [14]. It 
would be difficult to have a study with several outcomes and 
multiple features of SSc being tested as hand function mea-
surements may not change if there are flexion contractures 
and primary outcome measurements for inflammatory arthri-
tis should be different than myositis (the latter having cre-
atine kinase and muscle power as outcomes and the former 
having joint counts).

An alternative approach would be to use Disease Activity 
Score (DAS) responses to quantify inflammatory arthritis, as 
functional measures, though validated, could be affected by a 
number of other factors such as contractures and calcinosis 
[45]. Though tender and swollen joint counts are reported to 
be only partially validated in trials with SSc patients [46], 
inflammatory arthritis and its response to therapy is mea-
sured as a function of tender/swollen joint count [45].

Other indices such as physician global rating or acute 
phase reactants such as CRP/ESR may not strongly correlate 
or have utility pertaining to musculoskeletal manifestations 
in patients with SSc [46]. Some of the outcomes have not 
been validated in SSc as there are a paucity of randomized 
studies in SSc with inflammatory arthritis as the major organ 
studied. We suspect that core RA outcome measurements 
when used in SSc trials of active IA would likely perform 
appropriately.

System-specific outcome measures and patient reported 
outcome measures (PROMs) are often included in assessing 
patients in SSc trials. Several validated and emerging patient- 
reported outcome measures used in SSc have been validated 
[47]. Incorporation of these measures help to provide patient- 
centred care and can be reflective of quality of life nuances as 
they relate to day to day activities [48]. Of these measures, the 
Health Assessment Questionnaire (HAQ), the HAQ disabil-
ity index (HAQ-DI), and the Scleroderma HAQ (SHAQ) 
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which is a HAQ-DI and additional visual analogue scales, are 
some of the general measurement tools that can be reliably 
incorporated into periodic patient assessments as well as tri-
als to better elucidate the patient experience [47]. Global 
assessments are also valuable as they are easy to use and can 
provide patient perspective and are sensitive to change [49]. 
There are differences in patient and physician global scores 
which inherently measure different aspects of disease. For 
instance, physicians may elect to provide a higher score when 
there is more/serious organ involvement whereas patients 
may rate their global assessment based on the symptom that 
is most disruptive to their daily life, whether it carries the 
same weight as the physician score or not [49].

Additionally, there are several organ-specific (i.e. hands) 
or symptom specific (i.e. pain) measures that are used in 
symptom assessment. Examples include Hand mobility in 
Scleroderma (HAMIS), Cochin Hand Function Scale and the 
Michigan Hand Questionnaire (MHQ) to name a few [49–
51]. New and emerging tools are also currently in develop-
ment. One example is the Combined Response Index for 
Systemic Sclerosis (CRISS) which aims to measure a compre-
hensive set of specific organ manifestations as well as patient 
reported outcomes [52]. Another innovative measure is adap-
tation of a measure that is not disease specific; the Patient 
Reported Outcome Measurement Information System 
(PROMIS) to SSc. PROMIS utilizes computerized adaptive 
tests and measures patient reported outcomes and has been 
standardized and is accessible [53].

 Future Directions

For SSc associated arthritis, likely there will be immune 
modulation that can improve both skin and joints. However, 
properly designed trials are needed to assess appropriate 
treatment for IA in SSc. These studies may have to account 
for the various types/patterns of IA in SSc and use appropri-
ate outcome measurements; possibly borrowing scales used 
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in RA.  There are many new classes of drugs that could be 
tested in SSc and may help arthritis such as JAK inhibitors 
and various biologics. Phenotypes of IA in SSc may be stud-
ied with respect to genomics, gene expression or proteomics 
which may lead to more precise treatment. Big data may be 
helpful for pattern recognition of SSc subsets and response to 
treatment which can only occur if patients are well character-
ized clinically, using other tests (labs, Xrays) and collecting 
and storing patient samples (most likely blood or serum). 
Research may enable the discovery of treatment options for 
SSc patients including joint manifestations.

Conflicts of Interest There are no conflicts of interest. There was no funding 
for this chapter. No copy righted material has been included.
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 Case

An 81-year-old female with known persistent atrial fibrilla-
tion was admitted to our hospital complaining of progressive 
difficulties rising from a chair, with the need to push herself 
out of the chair using her hands, and difficulties climbing 
stairs. She also reported a 10-month duration of Raynaud’s 
phenomenon, diffuse swelling of her fingers and fatigue. 
Because of the muscle weakness, she had to move from her 
apartment on the third floor to a ground floor apartment. She 
later noticed difficulty to hang up the laundry and to comb 
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her hair. She further suffered from mild dyspnea (NYHA II) 
without coughing or expectoration.

On physical examination, her skin revealed sclerodactyly 
with puffy fingers, and teleangiectasia over her face and chest, 
without any other skin lesions.

The manual muscle testing procedures (MMT-8) indicated 
a weakness of the neck flexors (M4) and hip abduction and 
extension (M3). The assessment for muscle endurance 
(Functioning index-2) showed a reduction for shoulder flex-
ion (17%), shoulder abduction (18%), head lifting (5%) and 
hip flexion 15%). Reflexes and senses were intact.

Laboratory investigations showed a remarkable elevation 
of creatine kinase (CK, 1350  U/L), myoglobin (662  μg/L), 
cardiac troponin T (0.367  μg/L) and pro-BNP (3037  ng/L). 
ESR and CRP were not increased. Autoantibody testing was 
notable for positive ANA at a titer of 1:5120 with a nuclear 
fine speckled pattern (AC-4 pattern) and the presence of 
high-titer anti-Ku antibodies.

ECG revealed atrial fibrillation and left anterior fascicular 
block, both known for years. Transthoracic echocardiography 
showed a left ventricular ejection fraction of 55% and mild 
mitral regurgitation, but no signs of pulmonary hypertension, 
wall hypokinesia or pericardial effusion. Pulmonary function 
test revealed moderate restriction and mild reduction of dif-
fusion capacity while the CT scan demonstrated moderate 
fibrosis of both basal lung lobes.

Magnetic resonance imaging showed evidence of symmet-
ric edema of the gluteal and hamstring muscles, which were 
not easily accessible for a muscle biopsy.

Based on all these findings, the diagnosis of systemic scle-
rosis (SSc) with polymyositis was made, with involvement of 
the proximal muscles and the neck, as well as a probable 
cardiac involvement. A therapy with mycophenolate mofetil, 
rituximab and moderate dosage of prednisone (10 mg/d) was 
started.

During the next months, the patient noticed a reduction of 
muscle weakness. Clinically, there was an improvement of hip 
abduction and extension (M4), laboratory investigation 
revealed normal values for CK, myoglobin, pro-BNP and a 
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significant reduction of cardiac troponin T (0.042 μg/L). The 
interstitial lung changes remained stable. Over time, predni-
sone was stopped and mycophenolate mofetil and rituximab 
were continued as maintenance therapy. The course of serum 
CK and myoglobin over time is displayed in Fig.  29.1. 
Figure  29.2 shows the evolution of muscle strength and 
endurance on MMT-8 and respectively FI-2 testing.

 Discussion

Muscle involvement in SSc has a wide variety of presenta-
tions. In mild cases, it can be indolent as a subclinical myopa-
thy, presenting as a mild elevation of muscle enzymes on 
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Figure 29.1 In November 2013, the patient was only treated with 
prednisone, 10 mg/day. Mycophenolate mofetil and rituximab were 
added in January 2014, while prednisone was stopped in May 2014. 
In August 2014, a normalization of CK und myoglobin was reached. 
The values remained stable over time by continuation of mycophe-
nolate mofetil and rituximab
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routine laboratory testing. It can also manifest as fibrosing 
myopathy, without evidence of inflammation, or more aggres-
sively, as inflammatory myopathy/polymyositis [1]. There is 
no agreement among experts when such cases should be 
called overlap syndrome. In our clinical practice, we prefer to 
classify these patients as SSc-associated polymyositis and 
limit the term overlap to patients that present with polymyo-
sitis-defining autoantibodies, such as anti- synthetase 
antibodies.

Due to the lack of classification criteria for SSc-related 
myopathy, the prevalence of muscle involvement varies 
widely among different studies from 5 to 96% [2–7]. The typi-
cal clinical manifestation is symmetrical proximal muscle 
weakness. In some cases, also the head extensor muscles may 
be involved [5, 8]. Some patients report muscle pain, which is 
sometimes difficult to differentiate from myalgia of other 
causes, such as fibromyalgia, localized musculoskeletal pain 
or adverse drug reactions.

Involvement of extra-skeletal striate muscles is not infre-
quent in patients with an polymyositis associated with SSc. 
Vice-versa, several studies showed an increased prevalence of 
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myositis in patients with SSc-associated myocardial involve-
ment, who also had an increased mortality [9–11]. Esophageal 
dysmotility with dysphagia and respiratory dysfunction due 
to involvement of respiratory muscles are further aspects 
encountered in patients with SSc-associated polymyositis [12, 
13]. Since 26% of SSc-related mortality is attributed to car-
diac causes [14] and since myopathy in SSc may be associated 
with heart disease, all patients with SSc-associated polymyo-
sitis should be closely monitored because of late-stage 
complications.

Elevated levels of muscles enzymes such as creatine kinase 
(CK) or aldolase may help to confirm the suspicion of myosi-
tis, especially in patients with overlap of SSc and polymyositis 
[5, 12, 15], but these can also be normal. In the study by Paik 
et  al. [16], histomyopathological findings such as inflamma-
tion and necrosis were associated with higher CK levels.

Immunologically, anti-Scl70 (anti-topoisomerase I) anti-
bodies are considered to be associated with an increased risk 
of muscle involvement [17] along with anti-U1-RNP, anti-U3- 
RNP, anti-PM-Scl, anti-Ku, anti-Jo and anti-RuvBL1/2 anti-
bodies. On the other hand, there is a negative association with 
anti-centromere and anti-RNA-polymerase III antibodies [6, 
18]. Furthermore, SSc or myositis-specific antibodies can be 
completely absent in patients with SSc-related myopathy 
[19].

Similar to the approach of assessing disease activity in 
primary inflammatory myopathies, standardized muscle 
strength tests such as MMT-8 and muscle endurance tests 
such as FI-2 can also be used for SSc-related myopathy, even 
though they have not been evaluated in SSc and there are 
no international recommendations. Their validity depends 
on the experience and training of the examiners, as well as 
on patient-related variables such as motivation, test com-
prehension, general fitness level or motor skill impairment, 
for instance reduced range of motion because of skin 
fibrosis.

Electromyography findings resemble those of patients 
with primary inflammatory myopathies, with decrease of 
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duration of single potentials, increased polyphasic potentials 
and increased insertional irritability [3].

MRI imaging has an important role in diagnosing inflam-
matory myopathy in patients with SSc. A myositis-specific 
protocol, consisting of coronal and axial short tau inversion 
recorvery (STIR) and coronal and axial T1-weighted 
sequences of proximal muscles, is supposed to be useful for 
confirming suspected muscle involvement and identifying a 
suitably biopsy site. However, there are only a few reports in 
the literature on this topic. Typical MRI findings are edema 
(increased T2 signal on STIR images), fatty replacement (on 
T1 weighted sequences) or muscle atrophy [16].

The rate of pathological muscle biopsies varies largely 
from 39% [4] to >90% [19, 20]. In a study by Ranque et al. 
from 2009, the main myopathological features were mono-
nuclear inflammation (63%), muscle atrophy (60%), necrosis 
(59%), regeneration (44%), fibrosis (24%) or microangiopa-
thy. On the other hand, a cohort study by Bhansing et al. from 
2014 showed that 96% of patients diagnosed with SSc- 
associated- polymyositis had necrotic muscle fibers, which was 
significantly increased in comparison to the polymyositis- 
only control group (68%).

Along with the lack of international classification criteria, 
there are no published treatment recommendations regard-
ing SSc-associated myopathy. This is of special concern as 
high-dose glucocorticoids are the mainstay of treatment for 
patients with idiopathic inflammatory myopathies, but are 
difficult to use in patients with SSc, due to the related risk of 
renal crisis. Therefore, high doses of glucocorticoids should be 
reserved only for severe cases of biopsy-proven myositis and 
severe forms of myocarditis, which are associated with 
increased mortality [11, 20, 21]. Immunosuppressive drugs 
such as methotrexate or mycophenolate mofetil [22, 23] add-
edare most frequently used.  There are single reports of ben-
efit using rituximab [22, 24] in refractory cases, but there are 
no clinical trials available. In a retrospective study in a small 
number of patients, abatacept did not show statistically sig-
nificant benefit, but a trend toward in improvement in refrac-
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tory cases of SSc-related myopathy was observed [25]. In 
moderately severe cases, low- dose glucocorticoids may be 
sufficient, while in mild cases with only slightly elevated CK 
levels, without evidence of inflammation on MRI or biopsy, 
myopathy may often remain untreated [2, 20].
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 Introduction

 Tenosynovitis

The presence of tenosynovitis has been described in SSc 
along with other musculoskeletal manifestations in both 
dcSSc and lcSSc. The use of advanced musculoskeletal imag-
ing like ultrasound (US) and magnetic resonance imaging 
(MRI) showed a higher prevalence of tenosynovitis among 
SSc patients than reported by physical exam alone. In a cross- 
sectional observational study of 52 consecutive SSc patients, 
reported by Elhai et  al. [1], the use of ultrasound of hands 
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showed tenosynovitis in 27% of SSc patients as compared to 
6% using clinical observation. Tenosynovitis was considered 
inflammatory or fibrotic based on US features. Additionally, 
in a later study of 44 consecutive SSc patients by this group 
[2], US features of the hand and wrist demonstrated synovitis, 
tenosynovitis, calcinosis and acroosteolysis with high sensitiv-
ity and greater reliability than physical exam alone. In 
another study utilizing musculoskeletal (MSK) magnetic 
resonance imaging on the hand in 17 SSc patients [3], tenosy-
novitis was detected in 47% of these patients.

The early detection of tenosynovitis is not only important 
to understand sources of pain and hence to guide therapy, the 
presence of tenosynovitis was associated with higher skin 
scores and early, active or more severe disease [1].

Two types of tenosynovitis were identified in SSc patients 
using US imaging; the sclerosing type, which was only seen in 
SSc patients (compared to rheumatoid arthritis [RA] 
patients), and the inflammatory type, which was seen in both 
SSc and RA patients. To our knowledge, Elhai et al., was the 
first to describe patterns of tenosynovitis in SSc as compared 
to RA patients [1]. The findings of this one study, using US to 
assess tendon involvement in SSc and RA patients, showed 
that almost half of patients with tenosynovitis had a scleros-
ing pattern characterized by hyperechoic tendon sheath 
thickening. It also showed that tenosynovitis detected by US 
was more likely to be found in the presence of tendon friction 
rubs (TFRs) and in patients with more pronounced arthritis 
symptoms and signs.

 Tendon Friction Rubs (TFRs)

Tendon friction rubs are a physical sign, which was first 
described in SSc by Westphal in 1876  in a 23  year old SSc 
patient as “coarse cracking and crepitus over fingers and 
knees” [4]. In a later report, they were contributed to fibrin 
deposition in the tendon structures [5]. They have also been 
described as leathery crepitus over moving joints [6].

B. Jandali and M. D. Mayes



375

TFRs are most commonly detected by clinical examina-
tion at the following sites (in order of decreasing frequency): 
hands, ankles, wrists, knees, elbows and shoulders (scapulae) 
[7]. The use of MSK US and MRI to assess tendon involve-
ment in SSc patients offered alternative theories to explain 
the mechanism of TFRs. A study by Cuomo et al., suggested 
the presence of thickened retinaculum as the underlying eti-
ology of TFRs [8]. The study included 55 dcSSc patients and 
30 healthy controls. TFRs were detected in 12 dcSSc patients 
and 15 lcSSc patients. Ultrasound examination detected 
thickened retinaculum in dcSSc patients as compared to 
lcSSc and healthy controls in the following sites (wrist flexor 
and extensor tendons, patellar tendons and anterior ankle 
tendon). However, that would not possibly explain the TFRs 
in structures lack retinaculum like elbow and shoulder joints. 
Another study by Stoenoiu et al. [9] suggested the presence 
of deep infiltrates in the connective tissues surrounding the 
joint (wrists and ankles in 15 dcSSc patients) as a cause of 
impaired proper gliding of tendons during active motion.

Over the years, TFRs gained more attention in SSc regis-
tries, as researchers looked at the importance of identifying 
TFRs in SSc patients, which found a higher prevalence of 
TFRs among patients with dcSSc as compared to lcSSc.

Steen and Medsger [10] were the first to report the impor-
tance of TFRs prospectively in a large SSc cohort. Interestingly, 
TFRs were more frequently associated with the presence of 
dcSSc or later development of the diffuse form. TFRs were 
associated with more severe skin thickening, joint contrac-
tures, cardiac and renal disease, and more importantly, 
decreased survival.

Later, Khanna et  al. [7] analyzed the data from a large 
randomized controlled trial of D-Penicillamine looking at the 
significance of TFRs in patients with early dcSSc. Their find-
ings confirmed the presence of TFRs early at baseline and 
their association with worse skin involvement and disability 
scores. Moreover, detection of improvement (or worsening) 
in TFRs in the initial 6  months predicted improvement (or 
worsening) in MRSS and HAQ-DI over 12 months.
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Furthermore, Dore et  al. [11], showed in a case-control 
study including 287 cases with early dcSSc with TFRs 
matched to 287 early dcSSc patients without TFRs as con-
trols, that having one or more TFR in early dcSSc was associ-
ated with a higher risk of developing cardiac, renal and 
gastrointestinal involvement and decreased survival.

Most recently, utilizing the large EUSTAR (European 
Scleroderma Trials and Research) database, Avouac et al. and 
colleagues [12] performed a prospective cohort study of 1301 
SSc patients with disease duration ≤3  years and follow-up 
≥2 years; these authors reported that both joint synovitis and 
TFRs (both assessed by clinical exam) are independent pre-
dictive factors for disease progression in patients with early 
SSc. These features are important when considering therapy 
as well as selecting subjects for clinical trials to identify 
patients at risk for skin progression.

 Clinical Management

Evidence to guide management is meager at best.

 Non-pharmacologic Management

Physical or Occupational Therapy (combined with home 
exercises):

Given the high prevalence of disability amongst SSc 
patients from skin and musculoskeletal involvement, it is rea-
sonable to think that patients with the presence of tenosyno-
vitis and TFRs would benefit from SSc oriented rehabilitation 
programs. There are no reported data to support this approach 
specifically in tendon involvement. However, recent reports 
showed encouraging data using non-pharmacological 
approaches in SSc patients with hand involvement focusing 
on hand contractures and function. Bongi et al. [13] reported 
results of a study combining joint manipulation and connec-
tive tissue massage with home exercises in SSc patients that 
had favorable outcomes on hand function and quality of life.
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Other studies using home-based kinesiotherapy protocol 
or self-management program (using a book and DVD) 
showed beneficial results on hand function [14]. Landim et al. 
[15] also reported positive results of a home-based program 
for hands in SSc patients. However, large prospective clinical 
trials are lacking and SSc-specific programs are not readily 
available except in expert centers.

 Pharmacologic Treatment

Data regarding pharmacologic treatment of tendon involve-
ment in SSc are scarce. In patients with tenosynovitis with or 
without TFRs, nonsteroidal anti-inflammatory drugs 
(NSAIDs) or low dose steroids are frequently used. However, 
special caution should be paid to SSc patients given the 
potential toxicity of NSIADs in subjects with esophageal 
and/or gastric dysmotility and given the risk of renal crisis 
with the administration of higher dose steroids. It is worth 
mentioning that the 2017 EULAR updated recommenda-
tions for SSc treatment [16] did not include MSK manage-
ment due to the lack of evidence-based studies.

Given the lack of robust evidence in management of ten-
don involvement in SSc, treatment decisions may be based on 
expert opinion and musculoskeletal manifestations of SSc are 
currently treated with therapies developed for related indica-
tions such as those for erosive or nonerosive synovitis. If first 
line therapy such as NSAIDs and low-dose prednisone prove 
inadequate, common recommendations include methotrex-
ate, leflunomide, anti-malarials, azathioprine, mycophenolate, 
rituximab or other biologics [7, 17, 18].
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 Clinical Vignettes

A 49-year old female with an 11-month history of VEDOSS 
progressing to systemic sclerosis (SSc) complicated by diffuse 
skin involvement and nonspecific interstitial pneumonitis 
presents for her routine care visit. She was started on a CCB 
and PPI when she initially presented with VEDOSS criteria. 
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She completed a Scleroderma Clinical Trials Consortium 
Gastrointestinal Tract 2.0 (SCTC GIT 2.0) questionnaire 
each visit per standard clinical practice. It was noted that her 
GIT 2.0 has progressively worsened in all categories with the 
exception of constipation over the past 9 months:

Month Reflux
Distention/
Bloating Soilage Diarrhea Constipation Social Emotional Total

March 0.38 1 0 0.5 1.25 0 0.77 0.446

June 0.63 0.75 1 0.5 1.5 0 0.33 0.673

September 1.25 2 3 2 0 2 3.0 2.2

At her follow-up visit in June, even though her skin score 
had improved, a traumatic digital ulcer (DU) was noted to be 
painful with erythematous margins. At this appointment, she 
was treated for the ulcer with a seven-day course of amoxicil-
lin/clavulanate. The ulcer was re-examined in wound clinic at 
the conclusion of the treatment course, the patient was with-
out new complaints, and signs of infection had cleared. At her 
appointment in September, due to the worsening of soilage 
and diarrhea stool studies for C. difficile were ordered. The C. 
difficile toxin B gene was detected by nucleic acid amplifica-
tion testing and presence of toxigenic C. difficile was con-
firmed by culture. She did not have leukocytosis nor fever, 
but her mycophenolate mofetil medication was discontinued 
to ensure there was an optimized response to treatment for C. 
difficile. After two courses of treatment for C. difficile 
 infection and reoccurrence, it was decided in consultation 
with an Infectious Disease specialist to treat this patient with 
fecal microbiota transplant (FMT).

A 32 year-old female is referred for 6 months of Raynaud’s 
phenomenon and puffy fingers with limited range of motion. 
She does not have skin thickening, digital ulcers, or telangi-
ectases. She denies respiratory or gastrointestinal com-
plaints. Nailfold capillaroscopy reveals early changes and 
her ANA and centromere autoantibody is positive. She is 
started on a CCB and methotrexate for hand complaints 
and is scheduled for follow-up in 2 months at which time her 
GIT 2.0 reveals:
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Reflux
Distention/
Bloating Soilage Diarrhea Constipation Social Emotional Total

0.38 0.5 0 1 0 0 0 0.312

The patient asks whether her reflux, distention/bloating, 
and diarrhea are the result of medication side effect of thera-
peutics, an infection, or SSc. She reports the loose stools are 
occurring up to 4 times a day started after medication initia-
tion, but do not correlate to dosing day.

 Discussion

While use of patient reported outcomes can identify the fre-
quency and severity of gastrointestinal tract symptoms [1], 
and best practice guidelines can direct the clinician to proper 
stepwise diagnostic pathways [2], the side effects of CCB, PPI, 
and immunosuppressant medications in VEDOSS patients 
warrant a thoughtful approach. These two vignettes of diar-
rhea detected by routine use of patient reported outcomes in 
early SSc patients highlight the concern for empiric PPI use 
in the VEDOSS population; the challenge of testing and 
treating for Clostridium difficile infection (CDI); and the 
importance of a thoughtful approach to medication side 
effects. Whether these patients would have benefited from a 
dose-reduction in CCB rather than addition of PPI (a risk 
factor for CDI) and whether immunosuppression should be 
held versus initiating a diarrhea work-up are important con-
siderations. These medication choices highlight the potential 
management challenges in medication choices in this 
population.

Patients vary in their description of diarrhea, but terminol-
ogy is important. Loose stool consistency, increased fre-
quency, urgency of bowel movements, or incontinence can be 
key symptoms that are not adequately captured by use of 
PRO alone. Physicians need to distinguish acute diarrhea, 
which is self-limited and the result of acute infections, from 
chronic diarrhea, which has been present for more than 4 
weeks and has a broader differential diagnosis. A common 
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side effect of methotrexate and mycophenolate mofetil is 
diarrhea, thus it is important to review the timing of the onset 
of diarrhea related to medication dosing and indication for 
immunosuppression with VEDOSS patients.

Clostridium difficile is an obligate anaerobic, spore- 
forming, gram-positive rod that causes 25% of antibiotic- 
associated diarrhea and is the most commonly recognized 
cause of infectious diarrhea in healthcare settings [3]. The 
incubation period for CDI is unknown; however, symptoms 
can occur for up to 12-weeks after exposure to antibiotics. 
The risk of primary and recurrent CDI is greater in immuno-
suppressed individuals. CDI can vary in severity to mild diar-
rhea to fulminant colitis, and there is also a high prevalence 
of asymptomatic colonization found in up to 5–50% of hospi-
talized patients [4]. As such, the rheumatologist’s ability to 
interpret results of diagnostic testing for C. difficile is impera-
tive, as asymptomatic carriers require no treatment (with 
unnecessary antibiotics potentially increasing risk for CDI by 
disrupting the intestinal microbiota), while fulminant disease 
mandates treatment [5].

A panel of experts convened by the Infectious Diseases 
Society of America and Society for Healthcare Epidemiology 
of America recommend that the preferred target population 
for C. difficile testing for CDI are those patients with unex-
plained and new-onset ≥3 unformed stools in 24  hours. A 
diagnosis of CDI is defined by the presence of symptoms and 
diagnostic testing with either a stool positive for C. difficile 
toxin or detection of the toxin gene or colonoscopy or histo-
pathologic findings revealing pseudomembranous colitis [6]. 
Both of the vignette patients diarrhea, but demonstrate some 
of the challenges in determining if there is new or worsening 
of diarrhea in individuals with baseline gastrointestinal symp-
toms to justify testing and in interpreting test results.

There are several methodologies for testing of C. difficile 
[6–8] that detect the organism or toxin in stool. The methods 
most often offered by clinical laboratories include testing for 
toxin using an enzyme immunoassay (EIA) or for the toxin B 
gene using a nucleic acid amplification test (NAAT). The 
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NAAT for the toxin B gene is highly sensitive, but should 
only be used as a stand-alone test to diagnose CDI in at risk 
individuals with new onset frequent loose stools without 
other explanation, such as laxatives. Combination EIA tests 
that include screening for the common antigen glutamate 
dehydrogenase (GDH) present in all toxigenic and non- 
toxigenic strains of C. difficile, as well as testing for toxin, can 
improve diagnostic accuracy and sensitivity. A diagnosis of 
CDI is supported when the toxin test is positive, or poten-
tially when the toxin test is negative but GDH positive with 
reflex to NAAT with detection of the toxin gene. Laboratory 
assays cannot completely distinguish colonization from CDI, 
and normal leukocyte counts and failure to respond to treat-
ment for CDI should prompt the clinician to question CDI as 
the etiology of diarrhea [3]. Repeat testing should not be 
performed within 7 days during the same episode of diarrhea, 
as the potential for false positives is high. Additionally, indi-
viduals treated for CDI should not have stool submitted for 
“test of cure”, but instead be followed for resolution of the 
precipitating clinical symptoms. Recent guidelines provide 
updated recommendations on optimal treatment for CDI [3]. 
Recurrence of CDI can be found in 10–35% of patients fol-
lowing a first episode, nearly 40% after a first recurrence, and 
60 to 100% after two or more recurrences [9]. For recurrence, 
the provider should avoid repeating the initial treatment regi-
men, and consider using tapering and pulsed regimens of 
vancomycin or following vancomycin with rifaximin. For 
patients that have failed at least two courses of antibiotic 
therapy for recurrent CDI, fecal microbiota transplantation 
(FMT) is strongly recommended [6, 10]. It is important to 
reduce modifiable risk factors for CDI.  In the VEDOSS 
population, this includes dose reduction of CCB that is wors-
ening GERD, rather than the empiric initiation of a PPI.

In summary, the assessment of diarrhea in a VEDOSS 
patient on PPI with recent antibiotic exposure requires an 
understanding of its chronicity and relation to therapeutics, as 
well as the diagnostics and treatment of C. difficile (Fig. 31.1). 
The vignettes highlight that recent expert guidelines recom-
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mend that only symptomatic patients, and not carriers, should 
receive treatment. It also highlights that recurrent CDI in SSc 
patients should be considered for FMT. The treating physi-
cian should ensure that CCB adverse drug effects are mini-
mized, and that both PPI and immunosuppression are 
needed, especially during treatment of active CDI.  Many 
treatments, including FMT, are part of ongoing research that 
are of particular interest for physicians evaluating VEDOSS 
and early SSc patients with diarrhea.
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