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—ABSTRACT ~

Objective: to identify the particularities of the clinical phenotype of endothelial dysfunction in a lot
of Romanian patients from a reference center and compare it to data reported by international registries.

Material and methods: 51 patients were included in a cross sectional study. The patients were
evaluated for the pattern of disease, main visceral involvement, serum markers of disease.

Results: 41.2% patients had history of digital ulcers, 27.45% had pulmonary arterial hypertension;
cardiovascular involvement also included: diastolic dysfunction in 31.1% of the patients, global systolic
dysfunction in 9.8%, rhythm and conduction disturbances in 19.6%, peripheral vascular disease in
19.6%. Scleroderma renal crisis was identified in 2 patients.

Conclusions: Vascular complications are a major cause of morbidity and mortality in systemic scle-

\rosis. Earlier therapeutic intervention demands improved screening and diagnosis in all cases.

_/

INTRODUCTION immune mediated cellular toxicity, antiendo-
thelial antibodies, ischemia-reperfusion le-
sions) (2). Initial functional changes are revers-
ible, but progressive vascular lesions leads to
small and medium vessels obliteration with ir-
reversible structural damage (3). Endothelial
dysfunction plays a major role in immune acti-
vation, triggers coagulation and is an indirect
driver of fibrosis (2,3). Clinical aspects of endo-
thelial dysfunction in initial phases include
Raynaud and nail fold capillaroscopy abnor-

ystemic sclerosis (SSc) is one of the
most challenging and enigmatic rheu-
matic disease associated with in-
creased morbidity and mortality. En-
dothelial dysfunction is probably the
primary event in evolution (1). The triggering
factors and mechanism of vascular lesions are
complex and not fully understood (endothelial
cell apoptosis induced by infectious triggers,
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malities. In further stages, major complications
may appear such as pulmonary hypertension,
heart involvement, scleroderma renal crisis (1).
Digital ulcers, erectile dysfunction, gastrointes-
tinal involvement are also dependent of endo-
thelial dysfunction (1).

Objective: identifying particularities of clin-
ical phenotype of endothelial dysfunction in a
lot of Romanian patients from a reference cen-
ter. 1

MATERIAL AND METHODS

1 patients were included in a cross-section-
5 al study. The patients were selected accord-
ing to the American College of Rheumatology
criteria for systemic sclerosis (4). The patients
were evaluated for the pattern of disease, Rod-
nan score, musculoarticular, gastrointestinal,
cardiovascular, pulmonary and renal involve-
ment, inflammatory markers, autoantibodies
(anti-nuclear, anti-centromere, anti-scleroder-
ma), cholesterol and triglyceride levels, nail
fold capillaroscopy. Several questionnaires
were completed: European Disease Activity
Score (5), MEDSGER severities score (5) and
health assessment questionnaire-disability in-
dex (HAQ-DI) (6). The subjects’ written con-
sent was obtained according to the Declaration
of Helsinki. The study has been approved by a
local ethics committee.

All calculations were performed with SPSS
Statistics 20.0. All data are presented as mean
+ standard deviation (SD) or percentages. Stu-
dent t-test or Mann-Whitney test were used to
evaluate differences for nominal variable. The
chi-square test was used to compare categori-
cal variables. Pearson’s bivariate correlation or
Spearman’s rank correlation coefficient were
used to evaluate the association between eval-
uated variables. The values of r>0.5 and
p<0.05 were considered statistically signifi-
cant. 4

RESULTS

7 diffuse and 24 limited subsets, 47 women

and 4 men were evaluated. Medium age
was 55.65 (12.45) years, medium disease dura-
tion was 11.7 (6.9) years. Medium disease ac-
tivity score was 3.43 (2.14), medium disease
severity score was 6.84 (3.15).

Active digital ulcers were identified in
15.68% cases and 41.2% patients had history
of digital ulcers. 80.95% patients had recurrent

CunicAL PHENOTYPE OF ENDOTHELIAL DYSFUNCTION IN SCLERODERMA

digital ulcers and almost a quarter of them had
critical ischemia with necrosis. Medium disease
duration until the appearance of the first digital
ulcer was 4.17 (2.28) years. The difference of
the incidence of ulcers comparing subsets
(p=0.07) or specific immunologic prophyle
(p=0.061) is not significant. The ulcers were
correlated with health (p=0.035, r=0.305)
and pain (p=0.017, r=0.344) analogue scales
included in HAQ.

Pulmonary arterial hypertension (PAH)
was identified in 14 cases (27.45%), 8 diffuse
and 6 limited. 35.71% of the patients had mild
PAH, 35.71% moderate and 28.57% had se-
vere PAH. PAH seems to be a late complication
(66.66% of the diffuse forms and 55.55% of the
limited forms developed PAH after 5 years).

Patients with PAH had increased frequency
of diastolic dysfunction (p<0.001) and arrhyth-
mias (p=0.003), lower DLCO (p<0.001),
higher Medsger scores (p<0.001) and late cap-
illaroscopy pattern (p<0.001). The value of
sPAP was correlated with DLCO (p=0.001,
r=-0.499) and FEV1 (p<0.001, r=-0.311),
joint contractures (p=0.022, r=0.342), higher
HAQ scores (p=0.008, r=0.406), Rodnan
scores (p=0.019, r=0.349), activity scores (p=
0.033,r=0.318), and severity scores (p=0.00T,
r=0.461).

The mortality was 3 times higher then the
rest of the group (14.28% vs 4.58%). Medium
life expectancy after PAH diagnosis was 47.53
months.

Diastolic dysfunction was identified in 14
cases (31.1%) and it was not related to disease
subset (p=0.07). Arterial hypertension (p=
0.044, r=0.301) and higher severity scores (p=
0.042, r=0.303) were correlated with diastolic
dysfunction.

Global systolic dysfunction was identified in
5 patients (9.8%). Patients with altered systolic
function had significantly lower lung volumes,
higher Rodnan scores, higher sPAP inflamma-
tory syndrome and higher mortality rate. There
was a strong correlation between diffuse form,
DLCO, severity scores and mortality rate with
systolic dysfunction (Table 1).

Rhythm and conduction disturbances
were frequent (19.6%) and associated with
specific disease features as: joint crepitus (p=
0.006, r=0.377), elevated CK (p=0.016, r=
0.335), Medsger score (p=0.047, r=0.279)
and lower lung volumes (FVC p=0.026, r=-
0.336 and FEV p=0.031, r= - 0.325).
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Diffuse/Limited
ESR/CRPT

Rodnan

sPAP (mmHg)
Medsger
Obesity
Mortality

DLCO(%predicted)
Pulmonary fibrosis

100% 47.82%
100% 50%
37.18 (19.96) 65.41(16.71)
100% 36.95%
12.12 (4.3) 9.8 (3.6)

43 (15.24) 32.21(13.05)
10.6 (2.96) 6.43 (2.41)
40% 8.69%
40% 6.52%

0.026 p=0.02, r=-0.311
0.033 p=0.033,r=0.299
0.001 p=0.006, r=-0.406
0.007 p=0.006, r=0.579
0.055

0.051 p=0.051,r=0.292
0.004 p=0.009, r=0.363
0.039 p=0.016, r=0.335
0.017 p=0.016, r=0.335

TABLE 1. Differences between patients with and without systolic dysfunction. Data are presented as
mean values (standard deviation) or percentages for each parameter, p values for differences, r -
Pearson’s bivariate correlation/ Spearman’s rank correlation coefficient for the association between
evaluated variable.

ESR-erythrocytes sedimentation rate, CRP-C reactive protein, DLCO-diffusing capacity for carbon monoxide,
sPAP- systolic pulmonary artery pressure.

338 Macdica

Scleroderma renal crisis was identified in
2 patients, both males with diffuse skin disease.
Both of them had higher activity (p=0.005)
and severity scores (p=0.008).

Cardiovascular risk factors: the studied
group included 4 patients with type Il diabetes
mellitus, 5 smokers, 9 patients with dyslipid-
emia, 8 with arterial hypertension and 6 obese
patients. Both diabetes and smoking was cor-
related with increased incidence of digital ul-
cers (p=0.013 for diabetes, p=0.005 for smok-
ing) and for scleroderma renal crisis (p=0.025
for diabetes, p=0.051 for smoking). Patients
with dyslipidemia and obesity associated in a
higher percentage lung fibrosis (p=0.021 for
dyslipidemia, p=0.034 for obesity). A negative
correlation was identified between lung vol-
umes and the level of dyslipidemia (FVC -
p=0.032, r=-0.324, FEV1 - p=0.026, r=-
0.282). Patients with dyslipidemia developed
more often cardiac rhythm and conduction
distubances (p=0.039).

Reported macrovascular events were:
stroke-1 case, peripheral vascular disease-10
cases, and stable coronary heart disease-6 cas-
es. Scleroderma patients with coronary heart
disease had higher activity and severity scores
then the others (p=0.027, respectively 0.046).
Patients with peripheral vascular disease used
more frequently corticosteroids (p=0.04). O

DISCUSSION

Digital ulcers are a frequent complication
of systemic sclerosis, between 8 and 31%
(7), with an important impact on the quality of
life, especially due to pain and esthetic prob-
lems (8). In our group they are an early disease
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complication (first 5 years), although there was
no correlation between digital ulcers and dis-
ease duration, pointing to the fact that ulcers
are related not only to primary endothelial dys-
function in the earlier stages of disease but also
to fibrosis and vascular remodeling. Due to
high incidence, recurrence, possible evolution
to severe ischemia, higher pain and disease ac-
tivity scales they have an important morbidity
impact. Their appearance is independent of
the immunological prohyle (p=0.07) and dis-
ease subset (p=0.06), as most of the registries
report (8,9).

The pathogenesis of digital ulcers is com-
plex: vascular dysfunction, skin atrophy and
tethering, calcinosis, digital contractures, local
microtrauma (10). For patients with active digi-
tal ulcers correlations with cutaneous thinning
scores (p=0.031) digital contractures p=
0.012).

The incidence of cardiac disease in SSc is
hard to estimate due to late and polymorph
clinical symptoms, lack of specificity of the usu-
al evaluation procedures (ECG, echocardiogra-
phy) (11).

The reported frequency of systolic dysfunc-
tion of 5.4%9, but up to 30% of the patients
can have one or multiple hypokinetic regions
(12). Advanced age, male sex, diffuse skin in-
volvement, long disease duration, prevalent
digital ulcers, renal, pulmonary and muscular
involvement have been associated with left
ventricular dysfunction (13). In our group,
global systolic dysfunction seems to be more
frequent than registries data. It was associated
with the diffuse subset (p=0.026, r=-0.311)
and had a correlation trend with the Rodnan
score (p=0.055). It can be considered a nega-



tive prognostic factor due to higher incidence
of concomitant severe visceral involvement
(lung fibrosis, pulmonary hypertension), higher
severity scores and mortality rates (Table 2).

Diastolic dysfunction is common in sclero-
derma patients, up to 52% of the patients (13).
The causes are complex: decreased coronary
reserve related to coronary microcirculation
abnormalities, fibrotic remodeling, ischemia-
reperfusion lesions (13,14). For our group, the
incidence of diastolic dysfunction is lower
(31.1%) possibly related to the lack of accessi-
bility to Tissue Doppler, with higher sensitivity
and specificity in early detection. Though dia-
stolic dysfunction is frequently related to dif-
fuse forms (14), in our group there was no dif-
ference when comparing the two subsets
(p=0.84). The close relationship between dia-
stolic dysfunction and age is well known. Even
using common diagnostic techniques, we could
correlate diastolic dysfunction with Medsger
score, sPAP (p=0.06, r=0.283) and disease
duration (p=0.059, r=-0.269), One recent re-
view of myocardial involvement in systemic
sclerosis states that diastolic dysfunction is re-
lated to disease duration and is an indepen-
dent predictor of death (15).

Rhythm and conduction disturbances
were associated with lower respiratory vol-
umes, dyslipidemia and coronary heart disease
suggesting that primary myocardial involve-
ment was not their cause. Correlations with
specific features of disease as joint crepitus
(p=0.006, r=0.377) and elevated CK (p=
0.016, r=0.335) support the idea that are se-
condary to excitoconductor tissue fibrosis (16).

The prevalence of pulmonary hyperten-
sion in our group was a little higher compared
to registries (17.45% compared to 8-12) (17),
possibly related to the limited access to right
heart catheterization, while echocardiography
usually overestimates the values sPAP. We have
also to consider the bias related to the evalua-
tion of the patients in a reference center. Al-
though there is no correlation with disease du-
ration, PAH seems to be a late complication
(66.66% of the diffuse forms, 55.55% of the
limited forms develop PAH after first 5 years).

PAH was not correlated with the disease du-
ration (p=0.9) but with the age of the patients
(p=0.019, r=0.366). Advanced age at diagno-
sis was associated with early onset of PAH dur-
ing scleroderma evolution, poor hemodynam-
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FIGURE 1. Correlation between sPAP (systolic pulmonary artery
pressure) and DLCO (diffusing capacity for carbon monoxide)
(p=0.001, r=-0.499).
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FIGURE 2. Diabetes mellitus and smoking are associated with
increased risk of scleroderma renal crisis (p=0.025, respectively
p=0.051).

ic, worse prognosis, higher mortality rate,
probably related to comorbidities (18).

Literature reports that scleroderma PAH is
associated with myocardial fibrosis (19), heart
failure with normal outflow (20), unlike idio-
pathic PAH. PAH in our group also was associ-
ated with higher prevalence of diastolic dys-
function, rhythm and conduction disturbances.

Although the incidence of pulmonary fibro-
sis was not different for patients with PAH and
for those without, the DLCO was significantly
lower for patients with PAH. (p=0.001) with a
negative correlation between the two parame-
ters (p=0.014, r=-0.385), confirming the prog-
nostic value of decreased TLCO (below 55%)
(21).
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FIGURE 3. Incidence of pulmonary hypertension in relation with

disease duration.

Patients with PAH had more frequently as-
sociated articular involvement: muscle weak-
ness (p=0.01) and digital contractures
(p=0.022). The impact of musculoskeletal
problems on scleroderma PAH is not well es-
tablished, but it could be an important impedi-
ment for the validation of 5 minutes walking
tests for PAH associated with SSc (22).

Dynamic follow-up of nail fold capilarosco-
py can be predictive for PAH, capillaroscopy
score>1 being considered a risk factor for PAH
(23). Most of the studied patients with PAH had
a late capillaroscopy pattern (p<0.001).

Due to multivisceral involvement associat-
ed, higher HAQ scores we can consider PAH
an element of disease severity with important
morbidity and mortality.

Classic cardiovascular risk factors can wors-
en endothelial dysfunction for scleroderma pa-
tients. Diabetic and smoking patients devel-
oped more frequent digital ulcers (p=0.013,
respectively p=0.005) and scleroderma renal
crisis (p=0.007, respectively p=0.024). Smok-
ing has been associated with tripling the risk for
digital ulcers in scleroderma (24). The predic-
tive value is so high that smoking has been in-
cluded together with disease duration, digital
contractures and early onset in a composite
score for digital ulcers prediction (24). Micro
and macrovascular involvement in diabetes
mellitus explains the increased risk for digital
ulcers for scleroderma patients with preexisting
endothelial dysfunction.

Dyslipidemia and obesity have been associ-
ated with significantly lower lung volumes
(p=0.021, respective p=0.034). A recent study
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reports also association of dyslipidemia and the
android and ginoid obesity rate with FVC no
matter of sex, age and disease duration, sug-
gesting that further studies are needed to estab-
lish if loosing weight would improve lung pa-
rameters (25).

Macrovascular involvement in systemic
sclerosis is still a matter of debate. A recent
metanalysis (26) concludes that scleroderma
patients have high atherosclerotic risk. Most of
the studies report increased incidence of pe-
ripheral vascular disease in upper and lower
limbs, but no difference regarding coronary
and cerebral involvement (26-28). Our group
had also increased incidence of peripheral vas-
cular disease of lower limbs (19.6%) which was
associated with corticosteroids use (p=0.028)
and disease severity (p=0.046), rather then tra-
ditional cardiovascular risk factors. Patients
with coronary heart disease had higher activity
scores (p=0.027).

The incidence of scleroderma renal crisis
was 3.92%, lower then that reported in regis-
tries 10% (29). No precipitating factors could
be identified except cold exposure. Rapid cu-
taneous involvement had been identified to be
an important risk factor for renal crisis (30).
Still, this association has not been identified for
our patients (p=0.07), as the design of the
study did not monitor the dynamic changes of
Rodnan score. Male sex and history of digital
ulcers were correlated with scleroderma renal
crisis  (p=0.007, r=0.378, respectively
p=0.088, r=0.241). O

CONCLUSION

Vascular complications dominate the clinical
picture in scleroderma. They are not spe-
cific to a certain period of disease evolution,
most of them being independent of disease
subset and immunologic abnormalities. They
often are associated with other severe visceral
involvement with high morbidity and mortality.
Some of them have a long subclinical evolu-
tion, so screening is needed for early detection.
Classic cardiovascular risk factors, especially
diabetes and smoking can worsen endothelial
dysfunction.
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