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Abstract

Objectives. Nailfold videocapillaroscopy (NVC) plays a well-established role in differentiating primary from second-

ary RP due to SSc. However, the association of NVC with novel severe organ involvement/progression in SSc has

never been evaluated in a multicentre, multinational study, which we now perform for the first time.

Methods. Follow-up data from 334 SSc patients [265 women; 18 limited SSc (lSSc)/203 lcSSc/113 dcSSc] regis-

tered between November 2008 and January 2016 by seven tertiary centres in the EUSTAR-database, were ana-

lysed. Novel severe organ involvement/progression was defined as new/progressive involvement of the peripheral

vasculature, lungs, heart, skin, gastrointestinal tract, kidneys, musculoskeletal system, or death, at the 12- or 24-

month follow-up. NVC images at enrolment were quantitatively and qualitatively evaluated according to the standar-

dized definitions of the EULAR Study Group on Microcirculation in Rheumatic Diseases. Uni- and multivariable lo-

gistic regression modelling (ULR, MLR) was performed.

Results. Of the 334 included SSc patients, 257 (76.9%) developed novel overall severe organ involvement/pro-

gression. Following MLR, normal capillary density was associated with less-frequent novel overall severe organ in-

volvement/progression [odds ratio (OR)¼0.77, P<0.001] and novel peripheral vascular involvement (OR¼0.79,

P¼0.043); microhaemorrhages were associated with less novel pulmonary hypertension (OR¼ 0.47, P¼0.029); and

a ‘severe’ (active/late) NVC pattern was associated with novel overall severe organ involvement/progression

(OR¼ 2.14, P¼0.002) and skin progression (OR¼ 1.70, P¼0.049).

Conclusions. Our results suggest that NVC may be a promising biomarker in SSc, certainly warranting further in-

vestigation. Despite the participation of tertiary centres, which follow their patients in a standardized way, we were

underpowered to detect associations with infrequent severe organ involvement/progression.
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Introduction

SSc is a rare CTD, hallmarked by a triad of microvascu-

lar damage, complex autoimmune dysfunction, and

chronic progressive fibrosis of the skin and internal

organs. These mechanisms synergistically lead to a het-

erogeneous phenotype of this orphan disease, with

some patients exhibiting an indolent disease course, but

others developing severe organ dysfunction, resulting in

a major burden of severe morbidity and mortality [1–3].

Despite an increasing understanding of its pathogenesis,

SSc remains a devastating disease with a high disease-

related mortality [2, 3]. Today, pulmonary complications,

such as interstitial lung disease (ILD) and pulmonary ar-

terial hypertension (PAH), are both prevalent and the

leading causes of SSc-related mortality, with up to 60%

of disease-related deaths in clinically overt SSc (i.e.

lcSSc and dcSSc) [2–5]. However, during the disease

course, it is not only the lungs that may be severely

affected, but also several other organ systems, including

the peripheral vasculature, heart, gastrointestinal tract,

kidneys and musculoskeletal system [1, 6–8]. Although

there is currently no definitive treatment that can stop

the natural progression of the disease, patients at risk of

developing life-threatening organ involvement should be

identified as early as possible so that they can benefit

from close monitoring and optimized organ-specific

treatment [9]. The hunt for biomarkers that can identify

at an early stage, preferably non-invasively, those

patients who are at highest risk of developing severe

organ complications remains a topic of great interest in

SSc research [6, 7, 10–14].

Over the last decade, nailfold videocapillaroscopy

(NVC) has often been proposed as an ideal biomarker

[4, 6, 13, 15–21]. This safe and easy-to-handle instru-

ment allows non-invasive evaluation of the peripheral

microcirculation at the nailfold, using optical instruments

[14, 15, 17, 22–26]. By reliably detecting structural

microvascular alterations already present in the preclin-

ical stages of SSc (i.e. the presence of a ‘scleroderma

pattern’), NVC is able to distinguish primary from sec-

ondary RP due to SSc [14, 15, 17, 25]. This pivotal role

of NVC in the diagnosis of the disease is reflected by its

inclusion in the 2013 ACR/EULAR criteria for SSc [27].

In addition to its well-established diagnostic ability, the

prognostic role of NVC has been investigated in several

studies [4, 6, 11–13, 15–20, 28]. As such, two cross-

sectional pilot studies independently demonstrated a

predictive role of baseline qualitative NVC assessment

(i.e. presence of a ‘scleroderma pattern’) for the future

occurrence of peripheral vascular involvement, which

was recently confirmed by both a French national study

and a pan-European multicentre study [6, 10, 20, 28].

Moreover, the latter study also examined quantitative

NVC parameters, with capillary density (i.e. loss of capil-

laries) proving to be the most promising NVC predictor

of new digital ulcers [20]. Associations between serial

NVC examinations and future severe organ dysfunction

have also been the subject of some longitudinal mono-

centre studies, in which progressive capillary loss and

progression to a more ‘severe’ (i.e. active or late) NVC

pattern have been identified as potential biomarkers of

disease progression [16, 18, 19]. Finally, two systematic

reviews devoted to this subject have corroborated these

findings [11, 12].

However, as the association between NVC and future

severe organ involvement and/or progression has never

been thoroughly evaluated in a multicentre, multinational

study, we set up such a study for the first time in a joint

collaboration of the European Scleroderma Trials and

Research Group (EUSTAR) and the EULAR Study Group

on Microcirculation in Rheumatic Diseases.

Materials and methods

Study population and design

Seven EUSTAR centres (Ghent University Hospital, Ghent,

Belgium; University of Genoa, Genova, Italy; Sapienza

University of Rome, Rome, Italy; University (Hospital)

Zurich, Zurich, Switzerland; University Cochin Hospital,

Paris, France; University Hospital of Lille, Lille, France; and

Instituto Gaetano Pini, Milan, Italy) participated in this

study, entitled ‘EUSTAR Clinical Project 61’ (EUSTAR

Rheumatology key messages

. This is the first multicentre/multinational SSc study investigating associations between NVC and severe organ
involvement/progression.

. Additional evidence is provided for NVC’s future integration as a predictive biomarker of high-risk SSc subgroups.

. Further research in longitudinal inception cohorts, with uniform, standardized and long-term follow-up is
recommended.
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CP61)/‘EULAR Study Group on Microcirculation in

Rheumatic Diseases Project 9’ (Supplementary Table S1,

available at Rheumatology online). The study was

approved by the local Ethical Committee of each partici-

pating centre and by the EUSTAR Clinical Research

Committee (EC 2008/385, Supplementary Table S1, avail-

able at Rheumatology online). The study was conducted in

accordance with the Declaration of Helsinki. Written

informed consent was obtained from each patient before

registration in the EUSTAR-database.

Data were collected over a 24-month follow-up period

on consecutive SSc patients (excluding overlapping syn-

dromes), classified according to the 1980 ACR or 2013

ACR/EULAR criteria for SSc, and stratified into subsets

according to LeRoy and Medsger [limited systemic

sclerosis (lSSc), lcSSc and dcSSc], prospectively regis-

tered in the EUSTAR-database between November 2008

and January 2016 [27, 29, 30]. Patients eligible for this

study were adult SSc patients, regardless of disease

duration, in whom NVC had been performed on their

first date of registration in the EUSTAR-database (con-

sidered the baseline). Data on demographics and

disease-specific investigations (i.e. clinical, serological

and diagnostic data) at baseline and at dates closest to

the 12- and 24-month follow-up were included for ana-

lysis. A detailed report on the structure, minimum essen-

tial data and inclusion criteria of the EUSTAR-database

has been previously published [8, 31].

Nailfold videocapillaroscopy

Collection and blinding of NVC images

NVC examination, using a videocapillaroscopic probe

equipped with a contact lens of �200 magnification,

was performed at each participating centre upon enrol-

ment. In particular, the nailfolds of the 2nd–5th fingers

were examined bilaterally in each patient. Two consecu-

tive fields in the middle of the nailfold extending over

1 mm and corresponding to the distal row of capillaries

were captured per finger, resulting in 16 images per pa-

tient [14, 17, 25]. The investigators were asked to place

a 1 mm grid on each image. Subsequently, the acquired

NVC images were anonymized and sent for central read-

ing at the Ghent University Hospital through a website

specially designed for this study (www.eustarcp61.

ugent.be).

Assessment of NVC images

The collected NVC images were randomly analysed by a

blinded single trained assessor (K.M.), supervised by a

microcirculation and capillaroscopy expert (V.S.). NVC

assessment was performed in a standardized manner

by applying the capillaroscopic definitions consented by

the EULAR Study Group on Microcirculation in

Rheumatic Diseases [17].

The quantitative assessment consisted of examining

the following NVC parameters per linear millimetre, per

image: ‘capillary density’ (i.e. number of distal row capil-

laries, considered normal if n�7), ‘capillary dimension’

(more specifically number of giant capillaries, i.e. with

apical limb width >50mm), ‘capillary morphology’ [i.e.

number of abnormally shaped capillaries not meeting

the following definition of normal: hairpin shaped, (once

or twice) crossing or tortuous shape, provided that the

tip of the capillary is convex] and presence of ‘micro-

haemorrhages’ (i.e. red or brownish hemosiderin depos-

its in the pericapillary and/or periungual area) [17, 24–

26].

The qualitative assessment was performed by first

determining the overall capillary pattern for each patient,

by categorizing the images into a ‘(non-)scleroderma

pattern’, according to the standardized Fast Track

Algorithm [17, 25]. Then, the ‘scleroderma patterns’

were further subcategorized according to Cutolo et al.

based on the most dominant/worst pattern as ‘early’,

‘active’ or ‘late’ [17, 23]. ‘Active’ and ‘late’ NVC patterns

were considered ‘severe’ NVC patterns.

Visibility of the images was scored at the image level.

A capillaroscopic parameter was coded as ‘non-evalu-

able’ if the assessor was unable to evaluate it. If all NVC

parameters in an image were evaluable, the visibility of

that image was considered ‘good’. Patients with less

than four ‘good’ images were considered to have ‘poor

overall visibility’ and were excluded from further

analysis.

Definitions of novel severe organ involvement/
progression

Novel involvement

The occurrence of novel future severe organ involve-

ment was defined as new involvement of one of the fol-

lowing organ systems at a future visit (i.e. at 12 or

24 months) that did not exist at enrolment, or at the prior

visit: peripheral vascular system, lungs, heart, gastro-

intestinal tract, kidneys or musculoskeletal system.

Novel peripheral vascular involvement was defined as

the presentation of a new episode of a pitting scar, is-

chaemic digital ulcer or gangrene [18, 20]. Pulmonary in-

volvement was subdivided into ILD and lung vascular

involvement. Novel ILD was defined as the new pres-

ence of interstitial abnormalities on high-resolution CT

(pulmonary fibrosis, ground-glass opacities or honey-

combing) [5, 7, 32, 33]. Novel lung vascular involvement

was further subdivided into novel pulmonary hyperten-

sion (PH) and novel PAH. Novel PH was defined as a

new finding of systolic pulmonary arterial pressure

�35 mmHg on transthoracic echocardiography (TTE).

Novel PAH was defined as a new finding of mean pul-

monary arterial pressure �25 mmHg combined with a

pulmonary capillary wedge pressure �15, on right heart

catheterization [34]. Novel heart involvement was estab-

lished when there was new left heart failure, defined as

a left ventricular ejection fraction <50%, or new pericar-

dial effusion, on TTE [18]. Novel gastrointestinal tract in-

volvement was defined as the new occurrence of

intestinal obstruction or malabsorption syndrome. Novel

renal involvement was defined as a new episode of

scleroderma renal crisis [18]. Novel musculoskeletal in-

volvement was defined as a new elevation of creatinine
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kinase or new onset of joint arthritis or muscle weak-

ness. Finally, the date and causes of death were also

recorded [3].

Novel progression

Progression of known ILD was defined as deterioration

of lung function tests (�10% relative decline in forced

vital capacity expressed as percentage of predicted nor-

mal values (FVC%pred), or �5% to <10% relative de-

cline in FVC%pred combined with �15% relative

decline in diffusing capacity for carbon monoxide

expressed as percentage of predicted normal values

(DLCO%pred)) [5, 32, 35]. Progression of skin involve-

ment was defined as worsening of the modified Rodnan

skin score (mRSS) by �25% and �5 points or new

presence of scleredema [18].

Statistics

Handling missing data

A detailed description of the missing data is provided in

Supplementary Data S1a, available at Rheumatology

online.

Statistical analysis

Uni- and multivariable logistic regression modelling (ULR

and MLR) was performed to assess independent associ-

ations between the occurrence of novel severe organ in-

volvement and/or progression (‘outcome measure’) and

candidate risk factors (‘covariables’). Model selection

was based on a backward elimination method, to pro-

gressively exclude those independent covariables that

had only minor associations with the outcome measure

when combined in one model. This method implies

starting with a model that includes all candidate covari-

ables, assessing the quality of the model using the

Akaike Information Criterion (AIC), and subsequently

deleting the covariable that least deteriorates the model,

taking into account the complexity of the model [36].

This process was repeated until no further simplification

was possible (i.e. lowest possible AIC). Nevertheless,

NVC parameters were always retained in the model

since they were the main subject of our research ques-

tion. In order to be as inclusive as possible, and not to

miss a key covariable independently associated with

each organ involvement, covariables for the backward

elimination MLR were selected based on data from pub-

lished literature and upon consensus among the

authors. Finally, the MLR was adjusted for gender, age,

disease duration, SSc-related antibodies, dcSSc subset,

immunomodulatory medication (i.e. MTX, MMF, CYC,

rituximab, AZA and autologous stem cell transplantation)

and the NVC parameter of interest. Specifically, for per-

ipheral vascular involvement, the MLR was additionally

adjusted for vasodilator medication (i.e. prostacyclin,

calcium antagonists, endothelin receptor antagonists

and phosphodiesterase type 5 inhibitors) and history of

peripheral vascular lesions; and for PH, the MLR was

additionally adjusted for vasodilator medication and

dyspnoea (Supplementary Tables S2 and S3, available

at Rheumatology online).

The strength of associations was summarized as

odds ratios (ORs) and 95% CIs. Firth logistic regression

was used in case of (quasi-)complete separation [37].

The risk of overfitting was assessed using the 1-in-10

rule of thumb (Supplementary Data S1b, available at

Rheumatology online) [38].

For descriptive statistics, data for categorical variables

are presented as absolute numbers and percentages,

and for continuous variables as means with S.D., unless

otherwise stated. Significance was defined as a P-

value < 0.05. All statistical analyses were performed

using IBM SPSS statistics Version 26 (IBM SPSS Inc.,

Chicago, Illinois, USA), extension ‘STATS FIRHTLOG’.

Results

Study population

Data from 361 consecutive SSc patients were collected.

Of these, 4 patients were excluded because their NVC

images were ‘non-evaluable’, and 23 others had no

follow-up data available. Thus, a total of 334 SSc

patients was finally retained for analysis (Table 1).

Baseline NVC evaluation

Ninety-two patients (27.5%) had a ‘non-scleroderma

pattern’ and 242 (72.5%) a ‘scleroderma pattern’. Of the

latter, 53/242 (21.9%) were subclassified as an ‘early’,

170/242 (70.2%) as an ‘active’, and 19/242 (7.9%) as a

‘late’ pattern (Table 1).

Novel overall severe organ involvement and/or
progression

During the 24-month follow-up period, 257/334 (76.9%)

unique patients were diagnosed with novel overall se-

vere organ involvement and/or progression (Table 2).

Among these patients, 199/257 (77.4%) were women,

159/257 (61.6%) were classified as having lcSSc and

90/257 (35.0%) as having dcSSc. Their median (IQR)

disease duration was 5 (1–12) years. The proportion of

patients with a ‘scleroderma pattern’ was similar in the

patients with vs those without novel overall severe organ

involvement and/or progression (72.8% vs 71.4%,

P¼0.818). The proportion of patients with ‘severe’ NVC

patterns was significantly higher in the patients who

developed novel overall severe organ involvement and/

or progression than in those without (61.4% vs 42.9%,

P¼0.004).

Quantitative NVC assessment

Normal capillary density was associated with less likeli-

hood of future overall development of novel severe

organ involvement and/or progression in ULR

(OR¼ 0.76, 95% CI: 0.65, 0.88, P< 0.001) (Table 3).

MLR adjusted for gender and immunomodulatory medi-

cation gave similar findings (OR¼ 0.77, 95% CI: 0.66,

0.89, P< 0.001) (Fig. 1, Supplementary Table S2a,

NVC and organ involvement/progression in SSc
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TABLE 1 Baseline characteristics of the study population (n¼334)57.9 (13.6)

Baseline characteristics All patients ‘Non-scleroderma
pattern’

‘Scleroderma
pattern’

‘Early’ ‘Active’ ‘Late’

(n 5 334) (n 5 92) (n 5 242) (n 5 53) (n 5 170) (n 5 19)

Age, mean (S.D.), years 59.03 (12.9) 57.4 (13.9) 56.2 (14.2) 57.2 (14.0) 62.7 (10.9)

Gender
male, n (%) 69 (20.7) 17 (18.5) 52 (21.5) 7 (13.2) 40 (23.5) 5 (26.3)
female, n (%) 265 (79.3) 75 (81.5) 190 (78.5) 46 (86.6) 130 (76.5) 14 (73.7)

Disease duration (years), median
(IQR)

5 (1–12) 5 (2–14) 5 (1–11) 4 (0–9) 5 (1–13) 9 (2–13)

SSc classification criteria
ACR criteria, n (%) 277 (82.9) 76 (82.6) 201 (83.1) 39 (73.6) 145 (85.3) 17 (89.5)

2013 ACR/EULAR criteria, n
(%)

302 (90.4) 78 (84.8) 224 (92.6) 47 (88.7) 158 (92.9) 19 (100.0)

LeRoy subset
lSSc, n (%) 18 (5.4) 6 (6.5) 12 (5.0) 7 (13.2) 5 (2.9) 0 (0.0)

lcSSc, n (%) 203 (60.8) 51 (55.4) 152 (62.8) 33 (62.3) 111 (65.3) 8 (42.1)
dcSSc, n (%) 113 (33.8) 35 (38.0) 78 (32.2) 13 (24.5) 54 (31.8) 11 (57.9)

SSc-specific antibodies 231 (69.2) 65 (70.7) 166 (68.6) 33 (62.3) 120 (70.6) 13 (68.4)
ACA, n (%) 115 (34.4) 28 (30.4) 87 (36.0) 19 (35.8) 64 (37.6) 4 (21.1)
Anti-topo-1 (Scl-70) antibodies,
n (%)

99 (29.6) 28 (30.4) 171 (29.3) 11 (20.8) 52 (30.6) 8 (42.1)

Anti-RNA polymerase III anti-
bodies, n (%)

17 (5.1) 9 (9.8) 8 (3.3) 3 (5.7) 54 (2.4) 1 (5.3)

NVC parameters
Quantitative assessment

Capillary density

mean number of capilla-
ries/mm, mean (s.d.)

5.4 (1.6) 6.4 (1.7) 5.1 (1.3) 6.9 (0.8) 4.6 (0.9) 4.0 (1.2)

Capillary dimension
number of patients with
giant capillaries, n (%)

223 (66.8) 0 (0.0) 223 (92.1) 53 (100.0) 170 (100.0) 0 (0.0)

mean number of giant
capillaries/mm, mean (s.d.)

0.4 (0.5) 0.0 (0.0) 0.5 (0.5) 0.4 (0.4) 0.6 (0.5) 0.0 (0.0)

Capillary morphology

number of patients with
abnormally shaped capilla-
ries, n (%)

311 (93.1) 83 (90.2) 228 (94.2) 51 (96.2) 158 (92.9) 19 (100.0)

mean number of abnormal-
ly shaped capillaries/mm,
mean (s.d.)

0.9 (0.7) 0.9 (0.7) 0.9 (0.7) 0.7 (0.5) 0.8 (0.7) 1.9 (0.6)

Microhaemorrhages
number of patients with
microhaemorrhages, n (%)

197 (59.0) 31 (33.7) 166 (68.6) 37 (69.8) 121 (71.2) 8 (42.1)

mean number of microhae-
morrhages/mm, mean
(s.d.)

0.2 (0.2) 0.1 (0.1) 0.2 (0.2) 0.2 (0.2) 0.2 (0.2) 0.1 (0.1)

Qualitative assessment
‘Non-scleroderma pattern’ 92 (27.5) 92 (100.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

‘Scleroderma pattern’ 242 (72.5) 0 (0.0) 242 (100.0) 53 (100.0) 170 (100.0) 19 (100.0)
Early NVC pattern 53 (21.9) 0 (0.0) 53 (21.9) 53 (100.0) 0 (0.0) 0 (0.0)

Active NVC pattern 170 (70.2) 0 (0.0) 170 (70.2) 0 (0.0) 170 (100.0) 0 (0.0)
Late NVC pattern 19 (7.9) 0 (0.0) 19 (7.9) 0 (0.0) 0 (0.0) 19 (100.0)
Severe NVC patterna 189 (78.1) 0 (0.0) 189 (78.1) 0 (0.0) 170 (90.0) 19 (10.0)

Peripheral vascular
involvement

160 (47.9) 35 (38.0) 125 (51.7) 22 (41.5) 92 (54.1) 11 (57.9)

History 129 (38.6) 29 (31.5) 100 (41.3) 16 (30.2) 76 (44.7) 8 (42.1)
History of digital ulcers, n (%) 112 (33.5) 26 (28.3) 86 (35.5) 12 (22.6) 66 (38.8) 8 (42.1)

History of gangrene, n (%) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
History of pitting scars, n (%) 28 (8.4) 7 (7.6) 7 (7.6) 4 (7.5) 17 (10.0) 0 (0.0)

Active 130 (38.9) 27 (29.3) 103 (42.6) 17 (32.1) 76 (44.7) 10 (52.6)
Active digital ulcers, n (%) 75 (22.5) 18 (19.6) 57 (23.6) 11 (20.8) 38 (22.4) 8 (42.1)
Active gangrene, n (%) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Active pitting scars, n (%) 63 (18.9) 12 (13.0) 51 (21.1) 7 (13.2) 42 (24.7) 2 (10.5)

(continued)
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available at Rheumatology online). No association could

be established for the other quantitative NVC parame-

ters (Table 3).

Qualitative NVC assessment

ULR showed that ‘severe’ NVC patterns were associ-

ated with future overall development of novel severe

organ involvement and/or progression during follow-up

(OR¼ 2.14, 95% CI: 1.33, 3.44, P¼ 0.002) (Table 3).

MLR adjusted for gender and immunomodulatory medi-

cation gave similar findings (OR¼ 2.14, 95% CI: 1.33,

3.48, P¼0.002) (Fig. 1, Supplementary Table S3a, avail-

able at Rheumatology online).

Novel severe organ involvement and/or progression,
by organ system (Table 2)

Quantitative NVC assessment

Normal capillary density was associated with a lower

development of novel peripheral vascular involvement,

both in ULR (OR¼ 0.68, 95% CI: 0.57, 0.80, P< 0.001)

and MLR, adjusted for dcSSc and history of peripheral

vascular lesions (OR¼0.79, 95% CI: 0.61, 0.99,

P¼0.043) (Fig. 1, Table 3, Supplementary Table S2b,

available at Rheumatology online). Microhaemorrhages

were less associated with novel PH in ULR analysis

(OR¼ 0.42, 95% CI: 0.22, 0.80, P¼ 0.008) and MLR,

TABLE 1 Continued

Baseline characteristics All patients ‘Non-scleroderma
pattern’

‘Scleroderma
pattern’

‘Early’ ‘Active’ ‘Late’

(n 5 334) (n 5 92) (n 5 242) (n 5 53) (n 5 170) (n 5 19)

Pulmonary involvement
ILD, n (%) 149 (44.6) 43 (46.7) 106 (43.8) 22 (41.5) 75 (44.1) 9 (47.4)
Vascular lung involvement

PH, n (%) 62 (18.6) 16 (17.4) 46 (19.0) 4 (7.5) 36 (21.2) 6 (31.6)
PAH, n (%) 2 (0.6) 1 (1.1) 1 (0.4) 0 (0.0) 1 (0.6) 0 (0.0)

Skin
mRSS, mean (s.d.) 8.8 (6.3) 8.9 (6.7) 8.7 (6.2) 6.9 (4.7) 8.9 (5.9) 11.3 (10.3)
Scleredema, n (%) 103 (30.8) 23 (25.0) 80 (33.1) 18 (34.0) 59 (34.7) 3 (15.8)

Heart 12 (3.6) 4 (4.3) 8 (3.3) 1 (1.9) 5 (2.9) 2 (10.5)
LVEF<50%, n (%) 2 (0.6) 1 (1.1) 1 (0.4) 0 (0.0) 1 (0.6) 0 (0.0)
Pericardial effusion, n (%) 10 (3.0) 3 (3.3) 7 (2.9) 1 (1.9) 4 (2.4) 2 (10.5)

Gastrointestinal tract 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
Intestinal obstruction, n (%) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
Malabsorption, n (%) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

SRC, n (%) 2 (0.6) 1 (1.1) 1 (0.4) 0 (0.0) 1 (0.6) 0 (0.0)
Musculoskeletal involvement 68 (20.4) 19 (20.7) 49 (20.2) 7 (13.2) 35 (20.6) 7 (36.8)

Synovitis, n (%) 37 (11.1) 13 (14.1) 24 (9.9) 1 (1.9) 18 (10.6) 5 (26.3)
Muscle weakness, n (%) 27 (8.1) 8 (8.7) 19 (7.9) 4 (7.5) 14 (8.2) 1 (5.3)
CK elevation, n (%) 23 (6.9) 7 (7.6) 16 (6.6) 4 (7.5) 11 (6.5) 1 (5.3)

Medication
Vasodilator therapy, n (%) 232 (69.5) 58 (63.0) 174 (71.9) 34 (64.2) 126 (74.1) 14 (73.7)

Prostacyclin, n (%) 86 (25.7) 18 (19.6) 68 (28.1) 10 (18.9) 54 (31.8) 4 (21.1)
Calcium antagonists, n (%) 192 (57.5) 49 (53.3) 143 (59.4) 29 (54.7) 101 (59.4) 13 (68.4)
Endothelin receptor antago-
nists, n (%)

47 (14.1) 13 (14.1) 34 (14.0) 4 (7.5) 28 (16.5) 2 (10.5)

Phosphodiesterase type 5
inhibitor, n (%)

14 (4.2) 2 (2.2) 12 (5.0) 1 (1.9) 9 (5.3) 2 (10.5)

Immunosuppressive therapy 104 (31.1) 34 (37.0) 70 (28.9) 15 (28.3) 46 (27.1) 9 (47.4)
MTX, n (%) 60 (18.0) 20 (21.7) 40 (16.5) 8 (15.1) 27 (15.9) 5 (26.3)
MMF, n (%) 20 (6.0) 7 (7.6) 13 (5.4) 3 (5.7) 9 (5.3) 1 (5.3)

CYC, n (%) 4 (1.2) 3 (3.3) 1 (0.4) 0 (0.0) 0 (0.0) 1 (5.3)
Rituximab, n (%) 16 (4.8) 6 (6.5) 10 (4.1) 1 (1.9) 5 (2.9) 4 (21.1)

AZA, n (%) 13 (3.9) 3 (3.3) 10 (4.1) 3 (5.7) 7 (4.1) 0 (0.0)
Autologous stem cell trans-
plantation, n (%)

2 (0.6) 0 (0.0) 2 (0.8) 0 (0.0) 2 (1.2) 0 (0.0)

Renal therapy, n (%) 41 (12.3) 12 (13.0) 29 (12.0) 4 (7.5) 21 (12.4) 4 (21.1)
ACE-inhibitor, n (%) 41 (12.3) 12 (13.0) 29 (12.0) 4 (7.5) 21 (12.4) 4 (21.1)
Dialysis, n (%) 1 (0.3) 0 (0.0) 1 (0.4) 0 (0.0) 1 (0.6) 0 (0.0)

a‘Active’ and ‘late’ NVC patterns were considered ‘severe’ NVC patterns. ACE: angiotensin-converting enzyme; ILD: inter-
stitial lung disease; IQR: interquartile range; lSSc: limited SSc; LVEF: left ventricular ejection fraction; mRSS: modified

Rodnan skin score; NVC: nailfold videocapillaroscopy; PAH: pulmonary arterial hypertension; PH: pulmonary hypertension;
SRC: scleroderma renal crisis.
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adjusted for age and dyspnoea (OR¼0.47, 95% CI:

0.23, 0.93, P¼0.029) (Fig. 1, Table 3, Supplementary

Table S2c, available at Rheumatology online). No asso-

ciations could be established for capillary dimension or

capillary morphology (Table 3).

Qualitative NVC assessment

ULR showed that patients with ‘severe’ NVC patterns

were more likely to develop peripheral vascular involve-

ment (OR¼ 1.82, 95% CI: 1.12, 2.98, P¼0.015) and

skin progression (OR¼1.71, 95% CI: 1.02, 2.87,

P¼0.042) (Table 3). MLR adjusted for gender and

dcSSc, yielded similar findings only for the latter

(OR¼ 1.70, 95% CI: 1.00, 2.89, P¼ 0.049) (Fig. 1,

Supplementary Table S3b and c, available at

Rheumatology online).

Discussion

We evaluated for the first time in a multicentre, multi-

national setting (i.e. in a joint collaboration of EUSTAR

and the EULAR Study Group on Microcirculation in

Rheumatic Diseases), associations between NVC

(using internationally agreed upon definitions) and novel

severe organ involvement and/or progression in SSc

[17].

Concerning quantitative NVC parameters, encouraging

results were generated. For instance, fewer patients

with normal capillary density were found to develop

novel overall severe organ involvement/progression and

peripheral vascular involvement. This observation is con-

sistent with what has been previously demonstrated [6,

10, 18, 20]. More specifically, both the cross-sectional

mono- and bi-centre pilot studies by Smith et al., the

monocentre longitudinal study by Avouac et al. and the

large multicentre ‘CAP’ study by Cutolo et al. have high-

lighted capillary density as the most robust predictor for

identifying SSc patients who will develop severe disease

[6, 10, 13, 20]. Moreover, capillary density is considered

representative of advanced disease and has been

shown to be the most (inter-rater) reliable quantitative

capillaroscopic parameter [22]. Our data further point to-

wards a promising role for this capillaroscopic param-

eter, supporting its future prognostic use in daily SSc

practice.

Another finding was that, although the literature has

shown microhaemorrhages to be good indicators of SSc

disease activity, their presence in our multicentre study

was associated with fewer novel PH events [39–41].

Future studies will be needed to further elucidate their

role.

Examining qualitative NVC parameters, we found that

patients with ‘severe’ NVC patterns had a significantly

higher relative risk of developing novel overall severe

TABLE 2 Occurrence of novel severe organ involvement and/or progression during follow-up

Novel severe organ
involvement and/or
progressiona

Follow-up period

0–12 months 12–24 months Entire follow-up 0–24 months

(n 5 320) (n 5 301) (n 5 334)

Novel peripheral vascular
involvement, n (%)

65 (20.3) 50 (16.6) 111 (33.2)

Novel pulmonary
involvement

Structural
New ILD, n (%) 10 (3.1) 9 (3.0) 19 (5.7)

Progression of known
ILD, n (%)

36 (11.3) 42 (14.0) 67 (20.1)

Vascular
New PH, n (%) 24 (7.5) 21 (7.0) 45 (13.5)

New PAH, n (%) 1 (0.3) 4 (1.3) 5 (1.5)
Skin progression, n (%) 75 (23.4) 72 (23.9) 140 (41.9)

Death, n (%) 1 (0.3) 4 (1.3) 5 (1.5)
Novel heart involvement,

n (%)
9 (2.8) 9 (3.0) 18 (5.4)

Novel gastrointestinal
tract involvement, n (%)

4 (1.3) 1 (0.3) 5 (1.5)

Novel SRC, n (%) 2 (0.6) 3 (1.0) 5 (1.5)

Novel musculoskeletal
involvement, n (%)

33 (10.3) 29 (9.6) 59 (17.7)

aNovel severe organ involvement and/or progression is defined as new involvement of any organ system at a future visit

(i.e. 12 or 24 months) that did not exist at enrolment or at the prior visit. Of 334 unique SSc patients, 257 (76.9%) had
novel severe organ involvement and/or progression. ILD: interstitial lung disease; PAH: pulmonary arterial hypertension; PH:
pulmonary hypertension; SRC: scleroderma renal crisis.
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TABLE 3 Associations between NVC and novel severe organ involvement/progression during follow-up (0–24 months)—univariable logistic regression

Novel severe organ in-
volvement and/or pro-
gression (0–24 months)

QUANTITATIVE ASSESSMENT QUALITATIVE ASSESSMENT

Capillary density Capillary dimension Capillary morphology Micro-haemorrhages Presence of sclero-
derma pattern

Presence of ‘severe’
NVC patternsa

OR P-
value

OR P-
value

OR P-
value

OR P-
value

OR P-
value

OR P-
value

(95% CI) (95% CI) (95% CI) (95% CI) (95% CI) (95% CI)

Overall future organ in-
volvement, (n¼257)

0.76 (0.65, 0.88) <0.001 1.25 (0.77, 2.01) 0.372 1.33 (0.52, 3.13) 0.533 1.01 (0.63, 1.62) 0.955 1.34 (0.81, 2.21) 0.251 2.136 (1.33, 3.44) 0.002

Peripheral vascular,
(n¼111)

0.68 (0.57, 0.80) <0.001 1.15 (0.70, 1.92) 0.585 0.58 (0.22, 1.54) 0.271 0.72 (0.44, 1.16) 0.170 1.26 (0.74, 2.18) 0.399 1.82 (1.12, 2.98) 0.015

Pulmonary

Structural
New ILD, (n¼19) 0.78 (0.56, 1.06) 0.110 0.41 (0.16, 1.06) 0.065 2.86 (0.37, 368.71) 0.393 0.92 (0.36, 2.44) 0.865 0.48 (0.19, 1.27) 0.135 0.65 (0.25, 1.65) 0.355
Progression of known
ILD, (n¼67)

0.85 (0.70, 1.02) 0.084 0.85 (0.48, 1.53) 0.586 2.75 (0.76, 17.70) 0.136 0.74 (0.42, 1.30) 0.295 0.84 (0.46, 1.57) 0.578 0.81 (0.47, 1.43) 0.470

Vascular
New PH, (n¼45) 0.87 (0.70, 1.07) 0.201 0.60 (0.31, 1.15) 0.122 1.54 (0.42, 9.94) 0.552 0.42 (0.22, 0.80) 0.008 0.88 (0.45, 1.83) 0.728 1.46 (0.76, 2.93) 0.260
New PAH, (n¼5) 0.82 (0.44, 1.46) 0.521 1.90 (0.28, 37.34) 0.547 0.77 (0.08, 102.11) 0.864 0.95 (0.16, 7.33) 0.959 2.26 (0.04, 22.71) 0.365 3.01 (0.44, 59.17) 0.283

Skin progression,
(n¼140)

0.97 (0.83, 1.14) 0.729 1.46 (0.86, 2.47) 0.165 1.00 (0.232, 2.97) 1.000 1.31 (0.78, 2.20) 0.308 1.63 (0.93, 2.85) 0.087 1.71 (1.02, 2.87) 0.042

Death, (n¼5) 0.82 (0.43, 1.44) 0.501 0.71 (0.12, 5.48) 0.718 0.28 (0.04, 5.64) 0.327 0.44 (0.06, 2.66) 0.359 1.50 (0.22, 29.60) 0.707 6.86 (0.72, 912.33) 0.104
Heart, (n¼18) 0.98 (0.72, 1.33) 0.917 0.818 (0.31, 2.30) 0.692 0.50 (0.12, 3.36) 0.417 1.31 (0.49, 3.89) 0.595 1.02 (0.38, 3.12) 0.969 1.01 (0.39, 2.75) 0.977

Gastrointestinal tract,
(n¼5)

1.56 (0.91, 2.72) 0.106 1.92 (0.28, 37.75) 0.540 0.76 (0.08, 101.70) 0.862 0.45 (0.07, 2.36) 0.339 1.49 (0.22, 29.33) 0.714 0.18 (0.01, 1.26) 0.088

SRC, (n¼5) 0.98 (0.54, 1.69) 0.944 1.94 (0.28, 38.16) 0.533 0.76 (0.08, 101.29) 0.860 0.90 (0.17, 5.44) 0.894 1.51 (0.22, 29.71) 0.705 2.29 (0.42, 23.08) 0.355
Musculoskeletal,

(n¼59)
0.98 (0.82, 1.18) 0.866 0.84 (0.47, 1.53) 0.560 4.50 (0.90, 81.92) 0.072 0.84 (0.47, 1.51) 0.552 1.02 (0.55, 1.98) 0.948 1.12 (0.63, 2.02) 0.705

Underlined text: Firth log used. Bold text: Statistically significant finding (P<0.05). a‘Active’ and ‘late’ NVC patterns were considered ‘severe’ NVC patterns. ILD: interstitial
lung disease; NVC: nailfold videocapillaroscopy; OR: odds ratio; PAH: pulmonary arterial hypertension; PH: pulmonary hypertension; SRC: scleroderma renal crisis.
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.organ involvement/progression, peripheral vascular in-

volvement, and skin progression. These data confirm the

findings of previous reports, which showed that more ‘se-

vere’ NVC patterns were predictive of severe organ dys-

function, and particularly vascular damage [6, 10, 20, 28].

Given that progressive worsening of NVC patterns repre-

sents the gradual progression of microvasculopathy in

SSc, this finding is not surprising [17]. However, new to

our study is that it provides robust evidence for an associ-

ation between NVC and skin progression, even after MLR.

This is particularly important, as skin fibrosis is not only a

prominent debilitating clinical manifestation of SSc but is

also of prognostic importance, as the rate and degree of

progression appear to correlate with organ involvement

and mortality [1, 2, 32, 42–45].

Other than for the peripheral vasculature and skin, no

other significant associations were revealed between

NVC and the individual organ systems, which is

probably due to the small number of events in these

categories.

Somewhat surprisingly, we were unable to confirm the

hypothesis suggested by recent systematic reviews stat-

ing that NVC might be a promising biomarker for severe

pulmonary complications [11, 12]. Against this back-

ground, an important caveat for our study is that, al-

though a large sample size was examined, an

unexpectedly low proportion of patients developed novel

pulmonary involvement (1.4% PAH and 5.3% ILD) during

follow-up. One would have expected an incidence of

10% and 50% for novel PAH and ILD, respectively [34,

46, 47]. Our observed low incidence could be partly

explained by the already relatively long disease duration

of our patients and partly by an insufficient follow-up

time [46–50]. Another explanation could be that there

was a flaw in pulmonary involvement reporting inherent

in the data collection for the EUSTAR-database.

FIG. 1 Significant associations between NVC and novel severe organ involvement/progression in SSc, after MLR.

aCross-sectional association. b‘Active’ and ‘late’ NVC patterns were considered ‘severe’ NVC patterns. ILD: interstitial

lung disease; MLR: multivariable logistic regression analysis; NVC: nailfold video capillaroscopy; OR: odds ratio;

P(A)H: pulmonary (arterial) hypertension. (Image created with BioRender.com). This figure illustrates the main study

findings, as found after multivariable logistic regression analysis: normal capillary density is associated with a lower

incidence of novel overall organ involvement/progression (i.e. new involvement of any organ system at a future visit

[i.e. 12 or 24 months] that did not exist at enrolment or at the prior visit) and a lower incidence of novel peripheral

vascular involvement; microhaemorrhages are associated with a lower incidence of novel pulmonary hypertension;

and ‘severe’ NVC patterns are associated with a higher incidence of novel overall organ involvement/progression and

a higher incidence of novel skin progression. Note that capillary density is cross-sectionally associated with the pres-

ence of ILD. For capillaroscopic image acquisition, a nailfold videocapillaroscope with a �200 magnification was

used. Each centre was asked to place a 1-mm grid on each image, using centre-dependent image analysis. Images

were evaluated quantitatively (i.e. capillary density, capillary dimension, capillary morphology and presence of micro-

haemorrhages) and qualitatively [i.e. presence/absence of a scleroderma pattern (early, active or late)] according to

the standardized definitions of the EULAR Study Group on Microcirculation in Rheumatic Diseases, by a single

trained assessor (K.M.) who was blinded to the clinical data [17].
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Therefore, one can assume that the predictive power of

NVC for future pulmonary involvement is underestimated

in this study. Hence, to circumvent bias and investigate

cross-sectional associations between NVC and pre-

existing ILD at enrolment, a post hoc ULR and MLR

analysis was performed. Interestingly, lower capillary

density was significantly associated with ILD, confirming

previous findings (Fig. 1, Supplementary Data S2, avail-

able at Rheumatology online) [11, 17].

Our study had several strengths. First, data quality

was ensured by the participation of highly specialized

tertiary centres accustomed to the daily care of SSc

patients according to the available clinical practice

guidelines [7]. Second, heterogeneity regarding NVC

image analysis was avoided by having one independent

trained assessor rating the images, and by following re-

cently published consensus recommendations [17, 25].

Third, to minimize the inherent subjectivity of capillaro-

scopic assessment, NVC images were centrally rated by

one trained assessor, who was blinded to the clinical

data.

A first limitation of this study was that the patient

population consisted of many patients with already clin-

ically overt disease (as evidenced by subset, disease

duration, and frequency of organ involvement at enrol-

ment), which may have led to an underestimation of the

frequency of novel severe organ involvement/progres-

sion. It is likely that studies with a larger number of

patients with early disease (i.e. within 2 years of diagno-

sis) could avoid this bias and thus demonstrate robust

associations with NVC. Second, we are well aware that

the definitions used are very stringent for some catego-

ries of novel severe organ involvement and/or progres-

sion (e.g. gastrointestinal involvement); this was inherent

in the design of the EUSTAR-database. Consequently,

events in these groups may be infrequent, and our study

may be underpowered. Although not within the aims of

our study, future studies may overcome this limitation

by examining associations with more frequent, and

therefore less severe, SSc-related organ involvement.

Third, because NVC was performed only once, at the

time of enrolment, we may have overlooked associa-

tions with the microvascular alterations that usually

occur during the natural course of the disease.

Moreover, the statistical analysis only considered the ef-

fect of the covariables that were present at the time of

enrolment, thus excluding possible changes that may

have occurred during follow-up. Another limitation was

the missingness of data inherent an an observational

dataset, such as the EUSTAR-database, which forced

us to perform several imputations (i.e. assumptions),

creating a risk of bias. Finally, it should not be over-

looked that NVC is currently not widely used outside

academic centres in Europe, nor in most centres in the

USA, thus limiting its potential feasibility as a biomarker

(at this time).

This study provides additional evidence for a future

shift towards the use of NVC as an optional indicator of

more severe disease in SSc, with important clinical

implications for its overall management. Longitudinal

studies, conducted in inception cohorts, with uniform

and long-term follow-up, using standardized micro-

vascular techniques, are warranted to further elucidate

and confirm the predictive role of NVC in SSc. The gen-

eration of consistent high-quality research in this area

may lead to the integration of NVC as a predictive bio-

marker into daily SSc clinical practice, to enable timely

initiation and/or escalation of treatment in specific high-

risk subgroups.

Conclusion

Our results suggest that NVC may be a promising bio-

marker in SSc. Despite the participation of tertiary

centres, which assess and follow their patients in a

standardized way, we were underpowered to detect

associations with infrequent severe organ involvement

and/or progression.
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