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Abstract

The usefulness of capillaroscopy in the follow-up of scleroderma patients and the possible prognostic role for the
appearance of visceral involvement is suggested by many authors but still under debate.The aim of this study was
to assess the role of monitoring capillaroscopic abnormalities (qualitative and semiquantitative) in relation with
parameters of interstitial lung involvement and pulmonary arterial hypertension(PAH).

A strong correlation was identified between initial capillaroscopy scores and FVC (r=-.47, p=0.002), DLCO (r=-
.51, p< 0.001) and sPAP (r=0.34, p<0.001). Active and late capillaroscopic pattern were correlated with diag-
nosis of lung fibrosis (x2=14, p=0.007) and PAH at follow-up examinations (x2=14,2, p=0.007). Progression of
capillaroscopic pattern at follow-up evaluations was not correlated with significant worsening of lung volumes,
DLCO, sPAP. Instead, progression of microangiopathy evolution score (>1) was asociated with worsening of FVC
(r=0.32,p<0.001), DLCO(r=0.21,p=0.02) and new diagnosis of lung fibrosis on HRCT (r=0,19,p=0.035).
Semiquantitative scoring, rather then qualitative capillaroscopic assessment can have a predictive role for new in-
volvement or worsening of previous lung involvement (especially interstitial lung disease) in scleroderma patients,
confirming the putative role of capillaroscopy as biomarker in SSc.
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INTRODUCTION

Microvascular damage and dysfunction represent
the earliest morphological and functional markers of
systemic sclerosis(SSc). Nailfold videocapillarosco-
py (NVC) is a safe and non-invasive tool to evaluate
the morphology of the microcirculation (1). For now,
there is no treatment that has proved to halt the natu-
ral progression of the clinical recognisable disease.
Consequently, eyes are geared to diagnose the dis-
ease ‘early’ before the clinical disease has set in, so
effort is being put into the investigation of possible
biomarkers. Capillaroscopy is a candidate possible
biomarker (2).

In 2000, Cutolo et al classified the progressive
microangiopathic changes as assessed by NVC of
patients with SSc into the scleroderma patterns (ear-
ly, active and late) (3). Since 2013 the NVC patterns

are included in the European League Against Rheu-
matism and American College of Rheumatology cri-
teria of SSc (4). The ‘Early’ SSc pattern is character-
ized by few enlarged and giant capillaries, few
capillary microhaemorrhages, no evident capillary
loss and a relatively well preserved capillary distri-
bution.The ‘Active’ SSc pattern is characterized by
frequent giant capillaries, frequent capillary micro-
haemorrhages, moderate capillary loss, absent or
mild ramified capillaries and a mild disorganization
of the capillary architecture. In the ‘Late’ SSc pat-
tern, although giant capillaries and microhaemor-
rhages are almost absent, there is irregular enlarge-
ment of the capillaries, severe capillary loss with
extensive avascular areas, ramified or bushy capil-
laries and a severe disorganization of the capillary
array (5).
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The capillaroscopic parameters can also be evaluat-
ed by a semi-quantitative scale, consisting of diagnostic
parameters (irregularly enlarged capillaries, giant capil-
laries, micro-haemorrhages) and progression parame-
ters (reduced capillary number, capillary ramifications
and capillary architectural disorganization). Score 0-3
is adopted: score 0: no changes; score 1: <33% of cap-
illary changes; score 2: 33%-66% of capillary changes;
score 3: >66% of capillary changes). The mean score
value for each parameter is calculated from the analysis
of at least two linear millimetres in the middle area of
the nailfold bed; the score values from the eight fingers
are added together, and the final value divided for eight
fingers. The “microangiopathy evolution score” (MES,
sum of scores of progression parameters; score 0-9) is
used to assess the vascular damage progression, as sig-
nificantly increase during the evolution of the SSc mi-
croangiopathy (6).

NVC analysis allows the detection of microvas-
cular markers of severity and progression in SSc.
The ,,late” scleroderma pattern was significantly as-
sociated with a higher risk to develop severe periph-
eral vascular, skin, joint, muscle, gastrointestinal,
lung and heart involvement(6-8). Capillary deletion,
severe deformity were correlated with the presence
of interstitial lung disease (ILD). The patients with
less giant capillaries had more severe ILD involve-
ment. The patients with ILD had significantly higher
loss of capillaries score, avascular area score and
ramified/bushy capillaries score compared with
those without ILD. Moreover, ramified/bushy capil-
laries score together with diffused SSc were inde-
pendent risk factors for the presence of ILD (9). Pa-
tients with significant loss of capillary density
showed worst values of FVC and DLCO(10). The
group of Reyes-Reuda also found positive associa-
tion between abnormal capillaroscopy and intersti-
tial lung disease but no correlation with PAH (11).
On the other hand, the group of Ricieri found signif-
icant correlations between medium pulmonary arte-
rial pressure (mPAP) values and the NVC score and
with the avascular areas score (12).

The purpose of our study was to test on a romani-
an cohort of SSc patients if more severe NVC abnor-
malities should lead to strict cardiopulmonary sur-
veillance and a if a complete NVC study is indicated
from initial patient evaluation.

METHODS

We conducted a longitudinal prospective study
that included 118 SSc patients monitored between
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2013-2017. All patients were diagnosed according to
EULAR/ACR 2013 criteria (4). All patients, after
giving informed consent, had a demographic,clini-
cal, laboratory and instrumental assessment accord-
ing to MEDS evaluation sheets (online database for
the collection of the Minimal Essential Data Set, the
longitudinal anonymized collection of essential clin-
ical data of EUSTAR SSc patients): age, sex, disease
duration (defined as Raynaud onset), extend of cuta-
neous involvement, modified Rodnan skin score
(mRSS), digital ulcers/pitting scars, joint/muscle/
gastrointestinal/lung/heart/renal involvement, spe-
cific autoantibodies and specific treatment. The or-
gan involvement was defined as previously de-
scribed (13). Valentini disease activity index was
also calculated (14). ILD was diagnosed if any of the
following criteria were identified: a) restrictive pul-
monary pattern with forced vital capacity (FVC) be-
low 70% of expected value, b) pulmonary interstitial
pattern evidenced by chest radiograph or high-reso-
lution computed tomography scan, or c¢) alveolitis
confirmed by bronchoalveolar lavage (defined as
neutrophilia of >3%, eosinophilia of >2%, or lym-
phocytosis >15%). PAH was diagnosed when systol-
ic pulmonary arterial pressure (SPAP) was estimated
to be >35 mm Hg by Doppler echocardiogram or
when mean PAP was equal or higher than 25 mm Hg
at rest by right-sided heart catheterization (RHC)
(13). Lung involvement worsening was defined as
decrease of FVC >15%, DLCO>10%, new diagno-
sis of alveolitis on high resolution computerized to-
mography or new diagnosis of PAH. PAH worsening
was defined as as new diagnosis of PAH or increase of
sPAP with 10mmHg. Worsening of MES score was
defined as increase of the baseline score with 1 point.

Nailfold videocapillaroscopy

NVC was performed by a trained rheumatologist
using a videocapillaroscope with a X200 magnifica-
tion probe according to the standard method (3).
First, patients were distributed into a proper NVC
pattern: early, active, late or nonspecific (3). A semi-
quantitative rating scale to score the altered micro-
vascular parameters was used as described in the
literature (score 0-3) (6). The ,,microangiopathy evo-
lution score™ (MES) was selected to assess the pro-
gression of the vascular damage (6).

Statistical analysis

Student t-test/Mann-Whitney test, chi-square test
were used to evaluate differences across subgroups.
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Pearson’s bivariate correlation/Spearman’s rank cor-
relation coefficient were used to evaluate the associ-
ation between variables. P values < 0.05 were con-
sidered statistically significant.

RESULTS

The study group included 118 patients, 103 fe-
males (87,29%), 63(53,39%) had a diffuse extend of
skin involvement, mean age was 50.58(12,71) years,
mean disease duration at first NVC evaluation
2,81(4,2) years. The whole group had a second eval-
uation, including a complete NVC study, after a
mean interval of 2,26(1,12) years. 17 (14,40%) pa-
tients died during the follow-up, 24 (20,33%) were
lost to follow-up. The demographics of the patients
are presented in table 1.

TABLE 1. Demographics, clinical and immunological
characteristcs of the study group

Baseline
Number pf patients 118
Sex ratio F/M 103/15
Age (years), mean(SD) 50.58 (12,71)
Disease duration (years), mean(SD) 2,81 (4,3)
Disease subset dSSc/ISSc 63/55
Autoantibodies (%)
antiSCL70+ 57,63
anticentromer+ 31,36
both+ 1,69
both- 9,32
mRSS, mean(SD) 10,02 (5,99)
Digital ulcers (%) 41,53
Musculoarticular involvement (%) 45,76
Gastrointestinal involvement (%) 77,96
Renal involvement (%) 5,08
ILD (%) 33,89
PAH (%) 18,64
ILD+PAH (%) 9,32
FVC (%predicted), mean(SD) 78,08 (14)
DLCO (%predicted), mean(SD) 65,57 (18,69)
sPAP mmHg, mean(SD) 30,18 (10,97)
Dyastolic disfunction (%) 33,89
Systolic disfunction (%) 10,17
Rhythm and condunction disturbances 27,11
(%)
NVC pattern (%)
Early 12,72
Active 46,61
Late 2,54
NVC scoring, mean(SD) 4,76 (1,43)

Abbreviations:
ILD — interstitial lung disease, PAH-pulmonary arterial hypertension,
FVC —forced vital capacity, DLCO — diffusing capacity for carbon monox-
ide, sPAP — systolic pulmonary arterial pressure, NVC — nailfold video-
capillaroscopy
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Results at baseline evaluation

43,22% of the patients had lung involvement at the
first evaluation: 33,89% had ILD, 18,64% had PAH.
9,32% of the patients had both ILD and PAH. 87,5%
of the patients with ILD had a diffuse SSc, 54,54%
among those with PAH had limited form of the dis-
ease. 87,5% of the ILD patients tested positive for an-
tiSCL70 antibodies. 54,54% among those with PAH
tested positive for anticentromer antibodies. Mean
FVC was 78,08 (14)%, mean DLCO was 65,57
(18,69)%, mean sPAP was 30,18 (10,97) mmHg.

12,71% of the patients had an early NVC pattern,
46,61% had an active pattern and 37,29% had a late
pattern. Mean MES was 4,76 (1,43).

Patients with ILD had higher MES than patiens
without ILD [5,58 (1,35) vs 4,35 (1,28), p<0,001].
Patients with PAH at first evaluation had higher
MES than those without PAH [5,64(1,09) vs 4,56
(1,42), p<0,001].

Active and late pattern were correlated with the
diagnosis of ILD [ ¥2(4) =9.62, p = 0.047] and PAH
[ x2(4) = 15,632, p=0.004]. Patients with a late cap-
illaroscopic pattern had lower FVC [74,2(15,98)%)],
lower DLCO [54,75(20,92)%] and higher sPAP
[44(14,83)%]. Correlations were identified between
baseline MES and FVC (r=-.47, p=0.002), FEV
(r=-0.45, p=0.003), DLCO (r=-0.51, p< 0.001) and
sPAP (r=0.34, p<0.001).

Figure 1 representation of the correlation be-
tween NVC pattern and FVC values (r=-0,276,
p=0,002) (A), DLCO values (r=-0,343, p<0,001) (B)
and sPAP (r=0,326, p<0,001) (C).

Results at the follow-up evaluation

10 more patients (8,47%) had new lung involve-
ment at the second evaluation : 42,37% ILD, 24,42%
PAH; 15,25% of the patients had both ILD and PAH.

Mean FVC was 73,83(15,9)%, the regression
rate for patients with ILD was 7,6 (6,73)%; mean
DLCO was 60,82 (20,35)% and the mean regression
rate for patients with ILD was 8(9,15)%. Mean sPAP
was 32,49 (15,79)mmHg with a mean progression of
12,57 (15,11) mmHg.

Lung involvement (ILD plus PAH) was the main
cause of death (88,23%).

23 patients had an increase of one step of the
NVC pattern, 2 patients with 2 steps. Distribution of
the NVC pattern at the second evaluation was as fol-
lows: 5,93% had an early pattern, 38,41% active pat-
tern and 54,24% late pattern. Mean MES was



20

5,88(1,74). The mean increase of MES was
1,19(0,95).

Patients with ILD had higher MES scores than
those without ILD [6,68 (1,53) vs 5,29 (1,65),
p<0,001]. Patients with PAH had higher MES than
those without PAH [7(1,5) vs 5,591,65), p<0,001].

Active and late pattern were correlated with ILD
[x2(4) =14.00, p=0.007] and PAH [y2(4) =14.20,
p=0.007]. Patients with a late capillaroscopic pattern
had lower FVC [68,33 (16,38)% ], lower DLCO
[52,95 (20,31)%] and higher sPAP [37 mmHg
(17,00)%]. A strong correlation was identified between
follow-up MES and FVC (= -0,592, p<0,01), DLCO
(=-0,592, p<0.01) and sPAP (= 0,369, p<0.01).

Worsening of the NVC pattern at follow-up was
not correlated with lung tests or sPAP. Instead, MES
worsening was correlated with ILD worsening: sig-
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FIGURE 1.

nificant decrease of FVC (r =0.325, p <0.001) or of
TLCO (r =-0.215, p=0,02) or new diagnosis of lung
fibrosis (r=0,194,p=0.035). No correlations were
identify between MES worsening and PAH worsen-
ing (r =0,081, p=0,38).

DISCUSSIONS

NVC is a useful examination for evaluating mi-
crovascular changes in the peripheral circulation,
thus it has a relevant role for the diagnosis of SS (5).
NVC also seems to be helpful in identifying those
SSc patients at risk for visceral involvement (7-8).
The present study demonstrates an association be-
tween baseline and follow-up NVC parameters and
severe pulmonary involvement.

Several previous studies found correlations be-
tween baseline scleroderma pattern and future se-
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TABLE 2. Nailfold capillaroscopy characteristics of patients with interstitial
lung disease and pulmonary hypertension

% of study Early Active Late MES
group pattern | pattern | pattern
ILD baseline 33,89 12,17 46,61 37,29 |5,58(1,35)
follow up 42,37 0,47 4,7 76,59 |6,68(1,53)
PAH baseline 18,64 5,93 38,41 54,24 |5,64 (1,09)
follow-up 24,42 0 17,24 82,75 7 (1,5)

ILD — interstitial lung disease, PAH-oulmonary hypertension, MES-microangiopathic

evolution score

TABLE 3. Characteristics of lung function tests and pulmonary arterial pressure according
to nailfold capillaroscopy pattern

Early pattern | Active pattern | Late pattern | P value
FVC, mean(SD) %predicted |baseline 88,8(7,43) | 77,96 (12,67) | 74,2 (15,98) 0,01
follow-up 90 (8,64) 78,56 (12,68) | 68,33 (16,38) | <0,01
DLCO, mean(SD) %predicted | baseline 81,13 (6,65) | 66,87 (16,15) | 57,4 (20,92) | <0,01
follow-up | 84,57 (6,39) | 67,38 (16,09) | 52,95 (20,31) | <0,01
sPAP, mean(SD) mmHg baseline 24,27 (3,03) | 27,73 (6,39) 44 (14,83) 0,01
follow-up | 22,57 (1,51) | 27,84 (13,26) | 47(17,23) | <0,01

FVC - forced vital capacity, FVC — forced vital capacity, DLCO — diffusing capacity for carbon monoxide,

sPAP — systolic pulmonary arterial pressure

vere lung involvement. The odds rise according to
worsening scleroderma patterns. The group of V.
Smith in a single/multiple regression analysis found
that the odds to develop future severe lung disease
were 2.54/2.33 for the early versus the normal pat-
tern, 6.43/5.44 for the active versus the normal pat-
tern and 16.30/12.68 for the late versus the normal
pattern. In particular, the most severe microangiopa-
thy pattern on capillaroscopy, namely the late sclero-
derma pattern, had the highest risk: 16.07 for future
severe peripheral vascular disease and 12.68 for fu-
ture severe lung disease (7).

In our cohort, the number of patients having se-
vere pulmonary involvement significantly differed
according to baseline NVC pattern. None of patients
with normal baseline NVC pattern, while
2,5%/52,5%/45% of patients with early/active/late
scleroderma pattern had lung involvement. Also, the
number of patients having future severe lung in-
volvement significantly differed according to base-
line NVC patterns: 0% of patients with normal base-
line NVC pattern, while 0%/20%/80% with early/
active/late scleroderma pattern had future severe
lung disease. Patients with active and late pattern
had significantly lower FVC and DLCO volumes
compared to early and normal pattern (Table 2, 3).
Moreover, the late capillaroscopic pattern and higher
MES are related to lower percentage FVC, DLCO
and SPAP values independently of other baseline or
follow-up characteristics. Worsening of the capil-

laroscopic pattern at the follow-up evaluation was
not correlated in our study with lung tests (FVC or
DLCO). Instead, MES worsening was correlated
with significant decrease of FVC or of TLCO or new
diagnosis of lung fibrosis. Prior publications have
found correlations between baseline specific quanti-
tative NVC studies and lung function test or sPAP.
The group of Guillén-Del-Castillo identified that the
number of capillaries with neoangiogenesis, male
gender and the presence of ILD on HRCT were fac-
tors independently associated with lower FVC val-
ues (15). SSc patients with ILD had a lower capillary
density and a higher number of capillaries with neo-
angiogenesis. Avouac et al. also identified higher
mean avascular scores in patients with ground-glass
opacities (16). A progressive loss of capillaries from
baseline predicted overall disease progression, new
DU, lung vascular progression defined as new onset
of precapillary PAH, skin fibrosis and worsening in
the Medsger severity score. Similarly, Castellvi et al.
(10) described an association between low capillary
density and lower FVC and DLCO percentages us-
ing a semi-quantitative NVC.

In our study, correlations were also identified be-
tween baseline and follow up late NVC pattern and
PAH (Table 2, 3). Among patients with PAH at base-
line 72,72% a late pattern, all patients with PAH
worsening at follow-up had a late NVC pattern. Ac-
tive and late capillaroscopic pattern and MES were
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related to sPAP value at baseline and follow-up. But
we could not identify an association between MES
worsening and PAH worsening. These might be re-
lated to some limitations of the study. In our cohort,
the prevalence of PAH was 18.64% at baseline, a lit-
tle bit higher then previous reports, related to longer
disease duration until the patients were first evaluat-
ed in our reference center. However, PAH was esti-
mated by indirect measurements, in few patients was
confirmed by RHC.

Hofstee et al. found that capillary density was in-
versely correlated with the mPAP in both SSc-PAH
and idiopathic PAH patients (17). Interestingly, Ric-
cieri (12) demonstrated that higher NVC scores and
avascular areas scores were correlated with mPAP.
Corrado et al.(18) observed a reduced capillary den-
sity and an increased mean capillary width and mean
number of capillaries with neoangiogenesis in SSc-
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