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Systemic sclerosis

e 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.

e 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

e 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

AGE-SPECIFIC INCIDENCE OF SYSTEMIC SCLEROSIS
BY RACE AND SEX
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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.

loannidis 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.



LONG-TERM SURVIVAL OF PATIENTS WITH SYSTEMIC SCLEROSIS
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loannidis 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
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Cardiovascular disease in systemic sclerosis
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Abstraot: Cacdlorascular (CV) rystem lavolvement It a frequent complication of autplmmunc discases such
1z gystemie lupug coythematosus (SLE) and sheumatold actheitls (RA). It salll remalag unclear ¥ 2 premature
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comparizon to healthy Individuak and these data have beea eorrclated with a pooser prognosls: The mechanisms
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Introduotion

Svstemic sclerpsis (SSc) is a systemic sutpimmune disease
of unknown etiplogy characterized by three hallmarks:
(I) vasculopathy with the pathognomonic microvascular
involvement; (II) fibrosis of skin and visceral organs; (II)
systemic inflimmation characterized by the presence of
circulating autoantibodies and pro-inflammatory cytokines (1,2).

Studies have congsistently shown 2 substantially increased
mortality in SSc with 3 pooled standardized mortality
ratip ranging between 2.7 and 3.5. In particular, cardio-
pulmonary complications, including pulmonary arterial
hypertension and interstitial lung disease, represent the
main causes of reduced life expectancy and death in these
patients (3).

Indeed, it has been widely demonstrated thar patients with
sutgimmune disease, such a5 systemic lupus erythematosus
(SLE) and rheumatoid arthritis (RA), present a higher
mortality rigk mainly for cardiovascular (CV) events. In this

© Aanals of Tranglatipnal Mcdicinc. All rights rescrved.

setting, acceleration of subclinical atherosclerotic damage
has been advocated as the main mechanism leading to
this increased risk. However, etiopathogenesis underlying
atherosclerotic wall damage is still under investigation.
A close interplay between traditional CV risk factors and
inflammatory and sutoimmune markers may coatribute to
both induction and progression of atherosclerosis (ATS) in
these patients (4-8).

It remaing still unclear whether accelerated ATS occurs
even in §Sc and studies aimed to investigate subclinical
ATS risk in scleroderma patients produced contrasting
data. In comparison to SLE and RA, accelerated ATS
appears to have a different prevalence in 5S¢. Moreover,
the inflammatory component seems to be less prominent
and ATS less aggressive in SS¢, making more difficult to
demonstrated subclinical ATS in these patients.

Data derived from studies carried out in 60% and 707%,
when the main cause of death was scleroderma renal erigis,

wwwatmjournal.osg Ans Trond Med 2015;3(1):8
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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).

Hettema ME, Bootsma H, Kallenberg CG. Macrovascular disease and atherosclerosis in SSc. Rheumatology (Oxford) 2008;47:578-83.
Blagojevic J, Matucci Cerinic M. Macrovascular involvement in systemic sclerosis: comorbidity or accelerated atherosclerosis? Curr
Rheumatol Rep 2007;9:181-2.

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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2013 Classification Criteria for

Systemic Sclerosis

Iiem Sub-item(s) Weghy'scoret
Skin thickening of the fingers of both hands extending proximal - 0
10 the metacarpophalangeal joinis (Sufficient oritenion )
Skin thickening of the fingers (only cout the higher score) Pufly fingers 2
Sclerodactyly of the fingers (distal w the 4
mezacarpophalangeal points but
proximal o the proximal
interphalangeal points)
Fingerup lesions (only count the higher score) Diigical up ulcers 2
Fingertip pruting scars 3
Telangioctasia - 2
Abnormal pailfold cupillarics - 2
Pulmonary anerial hypenension and/or intersutial lung discase Pulmonary anenal hyperieasion 2
(maximuon scove is 2) Intersuitial lung discase 2
Raynaud’s phenomenon - 3
SSce-related amroanubodies {anucenwromere, Anucenmromere 3

anti-topoisomerase [ [anti-Scl-70), anti-RNA
potymerase ) (matimum score is 3)

Anu-oposomerase |
Ani-RNA polymerase M1




Methods for vascular assessment

e Assessment of aortic pulse wave velocity (PWV);
* Carotid intima-media thickness (IMT);
* Brachial flow-mediated dilation (FMD);

e Digital peripheral artery tonometer (EndoPAT)
assessment;

* Laser speckle contrast imaging (LSCl);
 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;

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

e 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.




Original Article

Evaluation of carotid artery intima-media complex thickness as a
marker of vascular damage secondary to accelerated
atherogenesis in progressive systemic sclerosis

Avaliagdo da espessura do complexo médio-intimal da artéria carotida como
marcador de aterogénese acelerada secunddria a dano vascular na esclerose
sistémica progressiva

Rooaieo Maczoo'; Marsanne AnpreTra; Caaouns Avpzas®; THes Skare”; Jursnomr Meaaconoes Risas-Fiuno, TCBC-PRY; Mcowaw
Gaecom Czecacn, TCBC-PR?

ABSTRACT

Objactive; To evaluate the intima-media thickness of the common carotid artery in patients with and without sdleroderma; to
warify 3 possible association with disease severity: 10 assess he refationship of intima-media thickness with knowwn Cardiovasoular nisk Tactors.
Mathods: In a case - control study, thirty patients with sclercderma and 30 without the disease were selected and matched according
to age, zex and cardiovascular risk Tactors such as hypertension, diabates meliftus and hypercholesterclemiz. The age ranged from 17 to
73 years (mesn 45). All patients undenwent cEnotid artery evaluation by high-resolution vascular Dopoler in onder to measure the intima-
medial thickness of e Carotid 2 om from the Difurcation. In all the analysis was Considered the greatest value of intima-media thickness
inright and left canotid arteries. Maguits; The sample consisted of 30 patients, 25 (36.67%) women and one man (3.3%). In this sample,
11/30 {36.67%) had high Dlood pressure, 530 {16.67%) had diaDates meliitus, 630 {20%) had dyslipidemia and 2730 (5.67%) were
smokers. Comparing the measure of the inmeased risk {maximum intima-media thickness between the left and right side), was obtained
an average of 0.77 mm for group SORFOCEMME and 2 value of 070 mm for the control group (p = 0.21). In assessing the assodation
Detaveen cisaase severity and carotid intimz-media thidoness, wias found no significant assodation (p= 0.325). Condusion: WWas found a slight
increasa in intima-medial thicknes:s of common canotid artery in patients with sdercdenma but without statistical signiticance. Regarding

the severity of the disesss and intima-medial thickness of common carotid artery, there was no significant difterence.

Kay words: Fatients. Sclercderma, systemic. Carotid arteries. Atherosclernsic. Carotid intima-media thickness.

INTRODUCTION

ystemic scleroderma is an autoimmune rheumatic

dizease that has vascular injury as one of its main clinical
markers'. This injury is an important cause of increased
morbidity, mortality and loss in quality of life of this group
of patients’. Some possiole mechanisms responsible for
ischemic events are vasospasm, endothelial damage by
immune activity and abnormalities of glucose homeostasis®.
It is believed that the interaction of genetic predisposition
to the stimulation of environmental factors can lead to
vascular dysfunction and ischemia resulting in tissue fibrosis
in advanced stages of dizease 2.

The most obvious clinical manifestation and
early vascular invelvement is Raynaud’s phenomenon,
which occurs as the first manifestation in 70% of
patients and in up to 95% of cases over the course of

the disease®. It is defined as an abnormal vasoconstrictor
response to cold that causzes epizodes of recurrent
spasms of the digital arteries, arterioles and cutaneous
arterio-venous shunts. It is observed that a significant
reduction in blood flow can occur leading to complete
closure of the vessel lumen®. All these changes can
cause chronic tissue hypoxia and irreversible tissue
damage, with the formation of recurrent ulcers, fibrosiz
and, in severs cases, gangrens or even amputation of
the extremities®.

Although the micrevascular invelvement is a
marker of systemic scleroderma, the involvement of
macrovasculature or macrovascular disease is also often
associated with significant morbidity and mortality &
However this latter form of vascular involvement in
sclercderma is not widely accepted, althocugh some authors
have described this association®.

From the Post-Graduate Program in Principles of Surgery of the Evangelic Faculty of Parana Evangelic University Hespital of Curitiog and Medical
Center of the Evangelic University Hospital of Curitiba, Curitipa, PR, Brazil.

1. Fellow Master degree of the Post-Graduate Program in Prindiples of Surgery of the Evangelic Faculty of Parand/ Evangelic University Hospital
of Curitiba and hMedical Center of the Evangelic University Hospital of Curitiba, Curnitiba, PR, Brazil; 2. Graduate Student of the Evangelic Faoulty
of Perana/ Evangelc University Hospital of Curitiba and hMedical Center of the Evangelic University Hospital of Curitiba, Curitiba, PR, Brazil: 3.
Protessor of the Post-Graduate Program in Principles of Sungery of the Evangelic Faculty of Faranad’ Evangelic University Hosgital of Curitiba and
Medical Center of the Evangelc University Hospital of Curitins, Curitina, PR, Brazil
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Brachial flow-mediated dilation (FMD)

* Brachial arte FLOW-NEDIATED DILATION OF THE BRACHIAL ARTERY (DEA) h is used to assess
endothelial ted methods:
Octiusion 60 secs after
1. assessmer — or & min ond of 1) by ultrasound
before anc . e rtery induced by

pneumatic . & A _ than systolic blood

pressure, f e cncy of 3—10 MHz

and e
2. endothelic ore and after 0.4 mg
of sublingt oray into the mouth.
Brachial ar ne, 1, 2 and 3 minutes
after react | the forearm and at 3,
5and 10 n e e ‘'ng 3 measurements.
Frgure 1 - Flowmeadialad diabon of ths vactung! arisry

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.

e 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 t
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).

e All PAT amplitudes and RHI are automatically calculated by the EndoPAT™ with an

1 RHIof < B7&eviously validated as the cut off to define endothelial dysfunction.

‘h-»
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Assessment of endothelial function by
non-invasive peripheral arterial tonometry
predicts late cardiovascular adverse events
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thodologes for the identification of individuats
dothellal dysfunction, as detected by non-

Rea:ﬂveh)puunh(RH)washmcedfdmtppumocdumofsysmkbhodpmreMﬂOmms
(54 + 12 years, 48% female). The natural loganithmic scaled RH index (L_RHI) was calculated from the ratio between
d for CV adverse events (AE: cardiac

death, myocardial infarction, revescularization or cardiac hospitalization) during a 7-year follow-up (inter-quartile
range = 44-8) Cox modes were used to estimate the association of EndoPAT results with AE adjusted for sge.
During the follow-up, AE ocasred in B6 patients (31%). Sevenyear AE rate was 48% in patients with
L_RHI < 04 vs. 28% In those with L_RHI > 04 (P = 0.03). Additional univariate predictors of AE were advandng
age (P=002) and prior coronary bypass surgery (P= 0017). The taditional Framingham risk score was not
higher in patients with AE. Multivarate analysis identified L_RHI < 0.4 a5 an independent predictor of AE (P = 0.03).

A low RH signal detected by EndoPAT, consistent with endothelial dysfunction, wes associated with higher AE rate
dunng follow-up. L_RHI was an independent predictor of AE Non-nvasive assessment of peripheral vascular func-

that coronary endothelial dysfunction in humans may be associated

Aims There is growing need for the identification of novel non-4
at risk for adverse crdiovasaular (CV) events. We ined wheth
Invasive puﬁ)herd arterial tonometry (EndoPAT), can predict late CV events.
Methods
and results
the digital puise volume during RH and at baseline. The patients were folk
WG\
tmmbeu!f\lhrmmmofpaﬁsmadskbrcmm
Keywords &Mﬁmoom-mmmwo Remvehype'aemh
Background

Coronary heart disease is the leading cause of morbidity and mor-
ity in most industrialized societies.’ In pite of comprehensive
treatment and modffication of conventional risk factors, there is
still high incidence of cardiovascular (CV) events rate? Thus,
there ks 2 need to identify 2 more indwdualized functional risk
profile in order to personalze treatment’

It has been suggested that cardiac risk factors can cause impair-
ment of coronary vasomotor function of both the epicardal
arteries and the microdrculation,'™® which is consdered an
important phase in athemm"" it has been demonstrated

with myocardial ischaemia 1213

Coronary endothelial dysfunction s considered an early stage of
atherosderogs'® and has been shown to be assoclated with an
increased risk of ischaemic OV outcome events and stroke 'S8
Assessment of coronary microdreulatory vasomotor function
(especally in patents without obstructive coronary artery
disease) may therefore alow the identfication of patients in the
early stages of coronary atherosderods and at risk for OV events.

However, one of the main obstacles in using peripheral endo-
thelial function for Indvidualized asessment of CV risk & the
tack of standardization of these tests™*

*Comesponding author. Tek 41 507 255 4152 Fac 41 507 255 2550, Emat lermanamin@mayaedy
Publghed on behalf of e Suropean Soaety of Qirdology. All rights reserved. © The Authar 2010 For permizsions plexe amat pumaspermissona@iowdordoumas ong



Laser speckle contrast imaging (LSCI)

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

A




CLINICAL IMAGE

Laser speckle contrast imaging of Raynaud
phenomenon

Marcin Hellmann', Jean-Luc Cracowski’
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Raynaud phenomenon is an episodic vasospasm
of the peripheral microvessels in response to cold
or strass. It can be primary, or less frequently sec-
ondary, to a systemic disease, the most frequent
being scleroderma. The pathophysiclogy is most
likely related to abnormal digital microvascular
sensitivity to sympathetic stimulation that may
also involve an abnormal response of the endo-
thelium. Owing to its small size and regional het-
erogeneity, studies of the skin microcirculation
remain challenging and the only routine meth-
od is videocapillaroscopy for evaluating microvas-
cular structure. In addition, skin microvascular
dysfunction has been described in many cardio-
vascular disorders.

Laser speckle contrast imaging (LSCI) is a re-
cently developed technique that allows nonin-
vasive, noncontact, and real-time monitoring of

peripheral microcirculatory blood flow on a large
area of the body.' LSCI is user-friendly and shows
very good reproducibility as well as excellent spa-
tial and temporal resolutions.? In clinical studies,
LSCI coupled with reactivity tests enable to esti-
mate the endothelial and neurovascular function.

We present the measurements of skin per-
fusion assessed by LSCI in patients with pri-
mary and secondary Raynaud phenomenon.
riauie 1 shows skin flux derived from speckle con-
trast analysis with colors ranging from blue (no
perfusion) to red (high perfusion). LSCI provides
a perfusion index proportional to skin blood flow
and allows to record up to 100 images per sec-
ond. risuse 14 presents a clear lack of perfusionin
the index finger in a patient with primary Rayn-
aud phenomenon. #icuse 18 presents tha hand of
a patient with scleroderma. We can see ulcers in
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Endothelial Dysfunction is Present Only in the

Microvasculature and Microcirculation
of Early Diffuse Systemic Sclerosis Patients

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

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
(LSCl).

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.



All times, at diagnosis!

* Blood pressure;

* CVrisk’s factors;
* Nailfold Capillaroscopy;
* Digital Endo-PAT;

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

* Echocardiography.



Nailfold Capillaroscopy

1)

2)

is @ 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 ().

Maricg 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.

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

ePettine 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 e caratterizzato dal deserto vascolare



Progression of disease

Early
* Digital peripheral
artery tonometer

(EndoPAT)
assessment;

e Laser speckle
contrast imaging
(LSCI).




Progression of disease

Late

e Assessment of aortic

pulse wave velocity
(PWV);

e Carotid intima-media
thickness (IMT);

 Brachial flow-
mediated dilation
(FMD).




Angiography in case-report
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Take-home messages

1.

2.

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

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

. Evaluate the lipid profile and immediately treat

dyslipidemia with statins.

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



Il contadino non
sara mai messo
sotto accusa se
non ottiene un
buon raccolto,
ma lo sara
certamente se
non ha ben
coltivato e ben
seminato |
campl.




