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Systemic sclerosis 

• Systemic sclerosis is a heterogeneous disease whose 
pathogenesis is characterized by 3 hallmarks: small vessel 
vasculopathy, production of autoantibodies, and 
fibroblast dysfunction leading to increased deposition of 
extracellular matrix.  

• The clinical manifestations and the prognosis of SSc vary, 
with the majority of patients having skin thickening and 
variable involvement of internal organs. 

• Subsets of SSc can be discerned, i.e., limited cutaneous 
SSc, diffuse cutaneous SSc, and SSc without skin 
involvement. 

van den Hoogen F et al. 2013 classification criteria for systemic sclerosis: an ACR/EULAR collaborative initiative.  
Arthritis Rheum. 2013 Nov;65(11):2737-47 
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SSc incidence and prevalence 

• prevalence rate of SSc varies from 4 cases per 
million population for the period 1947 to 1952 
to 443 cases per million in 2003 in North 
America.  

• Similarly, the annual incidence rates vary 
between 2.7 cases per million for the time 
period 1947 to 1968 to 21 cases per million 
for the time period 1989 to 1991. 



SSc incidence by race and sex 

Mayes MD, Lacey JV Jr, 
Beebe-Dimmer J, et al. 
Prevalence, incidence, 
survival, and disease 

characteristics of systemic 
sclerosis in a 

large U.S. population. 
Arthritis Rheum 

2003;48:2246-2255 



Mortality in SSc 

• An international meta-analysis of individual patient 
data in regard to mortality in SSc has been reported 
among 1645 incident cases.Patients  were recruited 
from seven medical centers in the United States, 
Europe, and Japan, using standardized definitions for 
organ involvement.  

• All cohorts showed significantly increased standardized 
mortality ratios comparisons based on age- and sex-
matched country-specific life tables. 

• However, the mortality ratios varied widely, ranging 
from 1.5 to 7.2, depending on country and referral 
base of involved center. 

Ioannidis JP, Vlachoyiannopoulos PG, Haidich AB, et al. Mortality in systemic sclerosis: an international 
meta-analysis of individual patient data. Am J Med 2005;118:2-10. 



Ioannidis JP, Vlachoyiannopoulos PG, Haidich AB, et al. Mortality in systemic sclerosis: an international 
meta-analysis of individual patient data. Am J Med 2005;118:2-10. 



SSc: clinical features 

from: Rheumatology, 5° Edition – Mosby Philadelphia, 2011 – 
Section 10: M. Mayes, S. Assassi, pp. 1313-1318 
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Cardiovascular disease in systemic 
sclerosis 

• Prevalence of CV and macrovascular disease has been 
demonstrated to be increased in SSc patients in 
comparison to healthy individuals and correlated with 
a poorer prognosis (1, 2) and, actually, 20-30% of deaths 
in SSc patients are attribuitable to CV causes.  

• In particular, the 2010 survey from the European 
League Against Reumatism Scleroderma Trials and 
Research (EUSTAR) database estimated that 26% of 
SSc-related causes of death were due to cardiac causes 
(mainly heart failure and arrhytmias) and 29% of non-
SSc-related causes of death were due to CV causes (3). 

1. Hettema ME, Bootsma H, Kallenberg CG. Macrovascular disease and  atherosclerosis in SSc. Rheumatology (Oxford) 2008;47:578-83. 
2. Blagojevic J, Matucci Cerinic M. Macrovascular involvement in systemic sclerosis: comorbidity or accelerated atherosclerosis? Curr 

Rheumatol Rep 2007;9:181-2. 
3. Tyndall AJ, Bannert B, Vonk M, et al. Causes and risk factors for death in systemic sclerosis: a study from the EULAR Scleroderma 

Trials and Research (EUSTAR) database. Ann Rheum Dis 2010;69:1809-15. 
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Methods for vascular assessment 

• Assessment of aortic pulse wave velocity (PWV); 

• Carotid intima-media thickness (IMT);  

• Brachial flow-mediated dilation (FMD);  

• Digital peripheral artery tonometer (EndoPAT) 
assessment; 

• Laser speckle contrast imaging (LSCI); 

• Power Doppler ultrasonography(PDu); 

• Angiography (AGy). 



Aortic pulse wave velocity (PWV) 

• Pulse wave velocity (PWV) is a measure of arterial 
stiffness. It is easy to measure with cardiovascular magnetic 
resonance (CMR) or by measuring carotid–femoral pulse 
wave velocity (PWV) using SphygmoCor CPVH.  

• A hand-held high-fidelity SphygmoCor tonometer is placed 
over the carotid and then the femoral arteries to record 
pressure waves simultaneously along with ECG tracings. 
The length of the descending aorta was approximated by 
subtracting the manubrium–carotid artery distance from 
the manubrium–femoral artery distance using a caliper. 
PWV in m/s was calculated in an automated fashion by 
proprietary software 



Carotid intima-media thickness (IMT) 

• Intima-media thickness (IMT), is a measurement of 
the thickness of tunica intima and tunica media, the 
innermost two layers of the wall of an artery. The 
measurement is usually made by external 
ultrasound and occasionally by internal, invasive 
ultrasound catheters;  

• IMT is used to detect the of presence atherosclerotic  
disease in humans and, more contentiously, to track 
the regression, arrest or progression of 
atherosclerosis.  

• Carotid IMT is assessed through B-mode ultrasound 
imaging on both right and left common carotid 
arteries. Scanning is performed from the far walls of 
the distal common carotid arteries of each side to the 
far walls of the carotid bulbs using a linear array 
transducer with frequency of 3–10 MHz. The lumen-
intima interface was measured electronically across a 
1 cm segment. IMT score in an average obtained. 





Brachial flow-mediated dilation (FMD) 

• Brachial artery flow-mediated dilation (FMD) is a parameter which is used to assess 
endothelial dysfunction in humans. FMD is used using two validated methods:  

1. assessment of endothelial-dependent FMD (reactive hyperemia) by ultrasound 
before and after vaso-occlusion of the medium-sized brachial artery induced by 
pneumatic cuff at a pressure of 280 mmHg or 60 mmHg higher than systolic blood 
pressure, for 5 minutes using linear array transducer with frequency of 3–10 MHz 
and  

2. endothelial-independent vasodilation of the brachial artery before and after 0.4 mg 
of sublingual nitroglycerin (NTG) was administered as a liquid spray into the mouth. 
Brachial artery diameter was measured and calculated at baseline, 1, 2 and 3 minutes 
after reactive hyperemia induced by 5-minute cuff occlusion on the forearm and at 3, 
5 and 10 minutes after NTG administration by means of averaging 3 measurements.  

FMD was calculated as the percent change (%FMD) in brachial diameter from the resting 
state (100*[hyperemic diameter at selected time resting diameter]/resting diameter) for 
reactive hyperemia. Similarly, vasodilator response to NTG was expressed as percentage 
change (NTG%) in diameter between baseline and post-NTG administration. 



Digital peripheral artery tonometer 
(EndoPAT) assessment 

• Digital Pulse amplitude is measured with a Peripheral Arterial Tonometry (PAT) 
device by placing the probes on the tips of both index fingers (Endo-PAT 2000). 

• PAT signal measurement was performed with the digital probe inflation pressure 
set at 10mmHg below the diastolic pressure or 70 mmHg (whichever was the lowest) 
as previously described in the Framingham study.  

• Briefly, baseline pulse amplitude was recorded bilaterally on tips of the index 
fingers for 5 minutes. This was followed by vaso-occlusion on the right side (the study 
finger) as described above for brachial FMD.  

• After 5 minutes, the cuff was rapidly deflated and the PAT signal measurement 
was recorded for an additional 5 minutes. As the control, measurement of non-
endothelial-dependent systemic changes occurring during the study was done on the 
contralateral finger.  

• Mean PAT amplitudes were measured 90 seconds after the occlusion for a 
duration of 60 seconds. Finally, the ratio of the post-to-pre occlusion PAT amplitude 
of the tested arm, divided by the post-to-pre occlusion ratio of the control arm, was 
calculated as the Reactive Hyperemia Index (RHI). 

• All PAT amplitudes and RHI are automatically calculated by the EndoPAT™ with an 
RHI of <1.67 previously validated as the cut off to define endothelial dysfunction. 





Laser speckle contrast imaging (LSCI) 

• Laser speckle contrast imaging (LSCI) is a well 
established technique for imaging blood flow 
in the brain. 

 





Endothelial Dysfunction is Present Only in the 
Microvasculature and Microcirculation  

of Early Diffuse Systemic Sclerosis Patients 

• Objective —To evaluate endothelial function and vascular stiffness in large, medium, small and microcirculatory 
blood vessels in very early diffuse systemic sclerosis (SSc). 

• Methods —We studied consecutive early diffuse SSc patients, defined as < 2 years from first SSc symptom who did 
not have a prior cardiovascular event. Age, gender and race-matched controls were recruited. All underwent 
assessment of aortic pulse wave velocity (PWV), carotid intima-media thickness (IMT) brachial flow-mediated 
dilation (FMD), digital peripheral artery tonometer (EndoPAT) assessment and laser speckle contrast imaging 
(LSCI). 

• Results —15 early diffuse SSc and controls were evaluated. The average age was 49 years, 63% were female and 
93% were Caucasian. There were no differences in body mass index, hypertension, diabetes or hyperlipidemia 
between controls and SSc patients. Mean SSc disease duration was 1.3 years. In the large central vessels, there 
was no difference in aortic PWV (p=0.71) or carotid IMT (p=0.92) between SSc patients and controls. Similarly, 
there was no difference in endothelial dysfunction with brachial artery FMD after ischemia (p=0.55) and 
nitroglycerin administration (p=0.74). There were significantly lower values for digital EndoPAT measures 
(p=0.0001) in SSc patients. LSCI revealed a distinct pattern of microcirculatory abnormalities in response to 
ischemia in SSc patients compared to controls. Imaging demonstrated a blunted microcirculatory hyperemia of the 
hand with greater subsequent response to nitroglycerin. 

• Conclusions —These findings suggest that earliest endothelial changes occur in 
smaller arterioles and microvascular beds, but not in medium or macrovascular 
beds, in early diffuse SSc. 

Robyn T. Domsic et al. Clin Exp Rheumatol. 
2014 ; 32(6 0 86): S–154-60.  



All times, at diagnosis! 

• Blood pressure; 

• CV risk’s factors; 

• Nailfold Capillaroscopy; 

• Digital Endo-PAT; 

• Power Doppler ultrasonography of limbs and 
supra aortic with carotyd IMT; 

• Echocardiography. 



Nailfold Capillaroscopy 

• is a noninvasive method to evaluate vascular 
dysfunction. A majority of patients with SSc 
have capillary dilatation associated with 
avascular areas and loss of normal capillary 
organization (1). The clinical features associated 
with capillaroscopic alterations and the value of 
nailfold capillaroscopy in predicting the 
presence and activity of pulmonary disease in 
SSc (2). 

1) Maricq HR, LeRoy EC, D'Angelo WA, et al. Diagnostic potential of in vivo capillary microscopy in scleroderma and related disorders. 
Arthritis Rheum 1980; 23:183-189. 

2) Bredemeier M, Xavier RM, Capobianco G, et al. Nailfold capillary microscopy can suggest pulmonary disease activity in systemic 
sclerosis. J Rheumatol 2004; 31:286-294. 

 



Early o Slow Scleroderma pattern 

•Pettine capillare disorganizzato 
· Capillari tortuosi 
· Capillari ectasici 
· Megacapillari 
· Microemorragie 



Active Scleroderma pattern 

· Completa disorganizzazione del pettine capillare 
· Capillari tortuosi, ectasici 
· Megacapillari 
· Microemorragie 

· Neoangiogenesi 
· Aree avascolari 



Late Scleroderma pattern 

Il quadro capillaroscopico è caratterizzato dal deserto vascolare 



Progression of disease 

Early 

• Digital peripheral 
artery tonometer 
(EndoPAT) 
assessment; 

• Laser speckle 
contrast imaging 
(LSCI). 



Progression of disease 

Late 

• Assessment of aortic 
pulse wave velocity 
(PWV); 

• Carotid intima-media 
thickness (IMT);  

• Brachial flow-
mediated dilation 
(FMD). 



Angiography in case-report 











Take-home messages 

1. Evaluate vascular involvement already in the 
early stages of the disease and shared pathways 
in hospital between specialists. 

2. Always evaluate with arteriography doubtful 
cases or not responding to treatment. 

3. Evaluate the lipid profile and immediately treat 
dyslipidemia with statins. 

4. In the case of focal vascular stenosis, application 
of stents improves the prognosis and the quality 
of life. 



Il contadino non 
sarà mai messo 
sotto accusa se 
non ottiene un 
buon raccolto, 
ma lo sarà 
certamente se 
non ha ben 
coltivato e ben 
seminato i 
campi. 

Francesco di Sales 


