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Abstract
Background: To determine whether lung involvement is related to microvascular perturbations, nailfold
videocapillaroscopy (NVC) was performed in patients with systemic sclerosis (SSc).
Methods: A cross-sectional study was consecutively accomplished in 152 SSc patients. NVC, a pulmonary function
test and echocardiography were undergone within a 3-month period. Finally, 134 patients with at least eight NVC
(200× magnification) images were selected for quantitative and qualitative examinations.
Results: Patients with interstitial lung disease presented lower median capillary density (4.86/mm vs 5.88/mm, p = 0.005)
and higher median of neoangiogenesis (0.56/mm vs 0.31/mm, p = 0.005). A higher quantity of neoangiogenesis capillaries
was found in patients with pulmonary arterial hypertension (0.70/mm vs 0.33/mm, p = 0.008). Multivariate linear regression
analysis established a correlation between neoangiogenesis and decreased forced vital capacity (FVC) (p < 0.001): for each
capillary with neoangiogenesis visualized on average per 1 mm, FVC was 7.3% reduced. In qualitative NVC, a late pattern as
defined by Cutolo was also associated with lower FVC (p = 0.018). The number of giant capillaries was associated with
reduced diffusion capacity of the lung for carbon monoxide (DLCO) (p = 0.016); for each giant capillary per 1 mm, DLCO was
11.8% diminished.
Conclusions: A good correlation was observed between distinctive quantitative and qualitative NVC features with lung
functional parameters such as FVC and DLCO. It is suggested that vasculopathy could play a role in SSc lung involvement.
Keywords: Interstitial lung disease, Nailfold videocapillaroscopy, Pulmonary hypertension, Scleroderma, Systemic sclerosis

Background
Systemic sclerosis (SSc) is a connective tissue disease
characterized by microvascular damage. It seems that
endothelial activation induces the release of inflammatory mediators, platelet activation and inflammatory cell
recruitment [1–3]. Subsequently, intimal and smooth
muscle vessel wall proliferation ensues, causing luminal
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obstruction and activation of myofibroblasts that results
in architectural alterations due to an excessive extracellular matrix deposition, reduction in the number of capillaries, tissue hypoxia and dysfunction of vascular
regeneration [4].
The lung is one of the most frequently jeopardized organs in SSc; thus interstitial lung disease (ILD) affects
around 55–65% of patients subjected to high-resolution
computed tomography (HRCT) [5, 6], and pulmonary
arterial hypertension (PAH) diagnosed by right heart
catheterization (RHC) involves approximately 10% of
this population [7, 8]. As a result of its high prevalence

© The Author(s). 2018 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to
the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

Guillén-Del-Castillo et al. Arthritis Research & Therapy

(2018) 20:281

and poor prognosis, pulmonary involvement is nowadays
the major cause of SSc-related deaths [9–11]. An exhaustive study of the relation between capillaroscopy
features and lung manifestations would facilitate comprehension of the pulmonary pathophysiology.
Capillary microscopy was initially used as a qualitative
technique to describe microvascular abnormalities in
SSc and other autoimmune-related diseases. Maricq et
al. [12] defined the scleroderma pattern as a group of
capillaroscopy findings with potential diagnostic value in
this disease. Later, these were detailed into active and
slow capillaroscopy patterns [13]. More recently, using
nailfold videocapillaroscopy (NVC), Cutolo et al. [14] defined a new classification of qualitative capillaroscopy
abnormalities into early, active and late scleroderma patterns. The late pattern was related to lower levels of circulating endothelial progenitor cells and higher vascular
endothelial growth factor (VEGF), demonstrating that an
impairment of vasculogenesis mediates the loss of capillaries [15]. Recently, a sequential quantitative NVC study
relating the presence of new incident capillaroscopy features to disease progression has been reported [16].
Nevertheless, no prior studies were focused on extensive
quantitative NVC analysis and its correlation with objective lung parameters.
The hypothesis of the present study was that microcirculation damage leads the pathogenesis of the main
manifestations in SSc such as ILD and PAH. The main
aim of the work was to analyse NVC alterations using a
quantitative method and to investigate their correlation
with the pulmonary function test (PFT).
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Studies in Epidemiology
cross-sectional studies [19].

(STROBE)

checklist

for

Clinical manifestations

Cutaneous subsets were defined as previously [20], according to the extent of skin thickening: limited cutaneous SSc (lcSSc), if skin sclerosis was distal to the elbows
and knees or the face; diffuse cutaneous SSc (dcSSc), if
skin sclerosis was extended proximally to the elbows or
knees; and sine scleroderma SSc (ssSSc), if there was no
skin involvement. Manifestations collected included RP,
telangiectasias, past or current digital ulcers (DU), calcinosis and past history of scleroderma renal crisis (SRC).
Interstitial lung disease was defined as radiologic evidence of interstitial findings on HRCT examined by an
expert thorax radiologist [21]. PAH was defined as mean
pulmonary arterial pressure (mPAP) ≥ 25 mmHg with
pulmonary artery wedge pressure (PAWP) ≤ 15 mmHg,
and pulmonary vascular resistance (PVR) > 3 Wood
units in right heart catheterization (RHC) [22, 23]. Cardiac involvement was defined as past or current pericardial effusion, left ventricular ejection fraction (LVEF) <
50%, macrovascular or microvascular ischemic heart disease with no cardiovascular risk factor (CVRF), conduction abnormalities, diastolic dysfunction with no CVRF
or mitral regurgitation with no CVRF [24].
Musculoskeletal disease included arthritis, tendon fiction rubs, joint contractures and myositis. Gastrointestinal SSc disease was established if any of the following
were present: oesophageal dysmotility, gastric antral vascular ectasia, gastric or bowel dysmotility, intestinal bacterial overgrowth, intestinal pseudo-obstruction or anal
sphincter dysfunction.

Methods
Patients

Immunology features

A cross-sectional study was carried out on SSc patients
from the Vall d’Hebron Hospital cohort. All patients fulfilled LeRoy et al.’s SSc classification criteria [17], and
accomplishment of the 2013 ACR/EULAR classification
criteria was also assessed [18]. The study was approved
by the Ethics Committee for Clinical Research
(PG(AG)4/2015), and all patients provided written informed consent for their participation. NVC was consecutively conducted in 152 patients over a 12-month
period. PFTs and echocardiography were performed
within a 3-month period. Thirteen patients were excluded with fewer than eight explored nailfold fields,
and another five patients for being lung transplant recipients. Finally, 134 SSc patients were selected for the analyses. The disease onset was described as the date of first
symptom attributable to SSc including Raynaud’s
phenomenon (RP). All clinical or parameter data were
collected at the time of NVC. Study quality was assessed
by the Strengthening the Reporting of Observational

Antinuclear antibodies (ANA) were evaluated by indirect
immunofluorescence (IIF) assay using HEp-cell line 2.
Anticentromere antibodies (ACA) were described by IIF,
and anti-topoisomerase I antibodies were determined by
enzyme-linked immunosorbent assay. A commercial line
blot assay was performed to detect anticentromere proteins A and B, anti-RNA pol III and anti-PM/Scl antibodies (EUROLINE Systemic Sclerosis (Nucleoli) Profile
(IgG), Euroimmun, Germany) according to the manufacturer’s instructions.
Pulmonary function test and echocardiography

Complete PFTs including the percentage of the predicted forced vital capacity (FVC) and the percentage of
the predicted diffusion capacity of the lung for carbon
monoxide (DLCO) were accomplished using MasterLab
equipment (MasterLab, Jaegger, Germany), following the
ATS/ERS recommendations [25]. Echocardiography was
performed by an experienced echocardiographer using a
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Vivid E9 system (General Electric Vingmed, Horten,
Norway), according to the consensus guidelines [26].
Right ventricular systolic pressure (RVSP), tricuspid regurgitation velocity (TRV) and the presence of other
echo pulmonary hypertension (PH) signs were measured. In order to avoid loss of data information about
patients with no measurable TRV, the variable ‘TRV ≥
2.9 m/s or other echo PH signs’ was created [23].
Nailfold videocapillaroscopy

Nailfolds were examined using an Optilia Digital Videocapillaroscope (Optilia Instruments AB, Sollentuna,
Sweden) with 200× lens magnification and an LED lamp
by the same operator (AS-O) who was blinded to clinical
patients’ conditions. Each patient was acclimatized for at
least 20 min at room temperature of 20–24 °C before the
examination. NVC was conducted with a contact
adapter and immersion oil dropper, studying the middle
nailfold from the second to fifth fingers of both hands.
Optipix Lite software (Optilia Instruments AB) was used
for visualization of consecutive 1-mm-wide images of
first-line capillaries. Two images were taken on each finger, although when a finger was not possible to evaluate
additional pictures were taken on other fingers. Patients
with fewer than eight images were excluded from the
study. Quantitative and qualitative analyses of the images were performed blind to clinical data by investigator AS-O. Inter-observer reliability and intra-observer
reliability were also explored with a calculated sample
size of 45 patients. This sample was randomly selected
and blindly assessed once by investigator AG-DC to calculate the inter-observer reproducibility. Afterwards, to
estimate the intra-observer repeatability, a second round
was independently performed by investigators AS-O and
AG-DC with a minimal time interval of 2 weeks between
both measurements.
Quantitative NVC was carried out according to previous definitions as follows: capillary density, number of
capillaries measured in the distal row following the 90°
method [27]; enlarged capillary, an increase in capillary
diameter > 20 μm; giant capillary, a capillary dilatation >
50 μm; microhaemorrhage, distal haemosiderin deposits;
tortuous, curled capillaries with no cross; and neoangiogenesis, branching, bizarre, bushy, disorganized, ramified
or arborized capillaries (Fig. 1) [14, 28, 29].
The mean of each capillaroscopic feature was calculated
from the sum of consecutive images for each digit. Subsequently, the average values from eight fingers were added
together and divided by the number of studied digits. The
resulting value indicated the number of this capillaroscopic feature adjusted by each millimetre of the nailfold.
Qualitative NVC analysis of images was performed following capillaroscopy patterns described by Cutolo et al.
(normal, early, active and late) [14].
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Statistical analysis

For the descriptive statistics, qualitative data were
expressed as the mean and standard deviation (SD) after
approving the normal distribution test; and non-normal
qualitative variables were described as the median and
interquartile range (IQR). Normal distribution was
assessed using the Kolmogorov–Smirnov test. To assess
whether there were statistically significant differences
between groups of patients, the Mann–Whitney U test
was used. Bonferroni correction was applied in multiple
comparisons. Associations between NVC and clinical
features, PFTs and echocardiography variables were analysed using Spearman’s correlation.
In order to analyse inter-observer and intra-observer
reliability, a sample size of 45 patients was calculated,
based on two observers (AS-O and AG-DC), with a
power of 80% to detect that an intra-class coefficient
(ICC) of 0.7 was significantly higher than 0.45 [30, 31].
The value of 0.45 was arbitrarily selected as the lowest
acceptable limit of reliability. Quantitative NVC features
were evaluated as the number per millimetre and determined by the ICC, whereas qualitative NVC features
were assessed by Cohen’s kappa coefficient. The measurement of observer agreement was defined as described
in the literature: < 0.00 = poor; 0.00–0.20 = slight; 0.21–
0.40 = fair; 0.41–0.60 = moderate; 0.61–0.80 = substantial;
and 0.81–1.00 = almost perfect [32].
Multiple linear regression tests were performed to determine the association with FVC and DLCO. The
multivariate models for FVC included NVC features, age
at NVC, time elapsed from first symptom to NVC,
dcSSc subset, gender, interstitial findings on HRCT, different autoantibodies and DU. For DLCO models, FVC,
PAH confirmed by RHC, TRV ≥ 2.9 m/s or other echo
PH signs also were introduced. p < 0.05 was considered
significant. Statistical analysis was conducted with SPSS
20.0 for Windows (SPSS Inc., Chicago, IL, USA).

Results
Population characteristics

Demographic characteristics of the 134 SSc patients are
presented in Table 1. The participants were mainly female
(n = 113, 84.3%) and in the lcSSc subset (n = 88, 65.7%).
More than 90% of the population fulfilled the 2013 ACR/
EULAR classification criteria. ACA were the most common antibodies in 49 (36.6%) patients, followed by
anti-topoisomerase I antibodies in 31 (23.1%) patients.
Considering major organ involvement, digestive involvement was present in 110 (82.1%) patients, cardiac disease
in 103 (76.9%) patients, ILD in 58 (43.3%) patients, musculoskeletal involvement in 40 (29.9%) patients and PAH
in 11 (8.2%) patients.
The distribution of different cardiac manifestations
was 76.9% of patients presenting cardiac conduction
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Fig. 1 Quantitative nailfold videocapillaroscopy: a normal capillaries; b enlarged capillaries (solid arrows) and microhaemorrhage (dashed arrow); c
giant capillaries (solid arrows) and microhaemorrhages (dashed arrows); d tortuous capillaries (solid arrows); e capillaries with neoangiogenesis as
ramified capillaries (solid arrows); f capillaries with neoangiogenesis as disorganized capillaries (solid arrows)

Cutaneous subsets, dcSSc/lcSSc/ssSSc

28 (20.9)/88 (65.7)/18
(13.4)

Time elapsed from first symptom to
NVC (years)

16.0 (± 12.6)

abnormalities, 57.5% mitral regurgitation (with no
CVRF), 47% diastolic dysfunction (with no CVRF),
13.4% pericardial effusion, 8.2% microvascular ischemic
heart disease (with no CVRF), 3.7% LVEF < 50% and 3%
of patients macrovascular ischemic heart disease (with
no CVRF). Among all patients, there were 19 (14.1%)
with overlap features as follows: nine (6.7%) patients had
dermatomyositis, seven (5.2%) patients had Sjögren syndrome and the other three (2.2%) patients had rheumatoid arthritis.

Time elapsed from first non-RP symptom
to NVC (years)

10.9 (± 9.9)

Pulmonary assessments

2013 ACR/EULAR SSc classification criteria
fulfilment

121 (90.2)

Table 1 Demographic, clinical and immunological
characteristics of the patients with SSc (n = 134, 100%)
Variable

Result

Age at SSc onset (years)

38.5 (± 15.7)

Age at NVC (years)

54.7 (± 14.4)

ACA/ATA/anti-RNA pol III/anti-PM/Scl

49 (36.6)/31 (23.1)/14
(10.4)/11 (8.2)

Raynaud’s phenomenon

132 (98.5)

Telangiectasias

97 (72.4)

Digital ulcers

62 (46.3)

Calcinosis

29 (21.6)

Scleroderma renal crisis

2 (1.5)

Interstitial lung disease

58 (43.3)

Pulmonary arterial hypertension

11 (8.2)

Cardiac involvement

103 (76.9)

Musculoskeletal disease

40 (29.9)

Gastrointestinal involvement

110 (82.1)

Overlap features

19 (14.1)

Data presented as mean (± standard deviation) for continuous variables and
as number (%) for categorical variables
SSc systemic sclerosis, NVC nailfold videocapillaroscopy, dcSSc diffuse
cutaneous systemic sclerosis, lcSSc limited cutaneous systemic sclerosis, ssSSc
sine scleroderma systemic sclerosis, RP Raynaud’s phenomenon, ACR American
College of Rheumatology, EULAR European League Against Rheumatism, ACA
anticentromere antibodies, ATA anti-topoisomerase I

PFTs and echocardiography findings are presented in
Table 2. The mean predicted FVC (± SD) was 80.8% (±
20.1), with a mean predicted DLCO of 66.2% (± 23.7).
Regarding echocardiography, the TRV could be measured in 96 patients with a mean of 2.8 m/s (± 0.3), and
no other signs of PH were found in the remaining 38 patients. Among 14 (10.4%) subjects with TRV higher than
2.9 m/s and/or with other echo PH signs, seven patients
had been previously diagnosed with PAH by RHC. On
the other hand, only 4 out of 120 patients with TRV
lower than 2.9 m/s and no other echo PH signs had been
formerly diagnosed with PAH by RHC.
NVC characteristics

A total of 2186 images were analysed from 134 patients,
with a mean of 16.3 (± 5.0) images per subject and the
median (IQR) of images for each finger was 2 (1–3). The
median (IQR) of capillary density adjusted by each millimetre of nailfold was 5.44/mm (4.33–6.74) (Table 3).
NVC findings according to the presence of ILD were
compared. Median capillary density in ILD patients was
4.86/mm, significantly lower than patients with no ILD
whose density was 5.88/mm (p = 0.005). Moreover, the
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Table 2 Pulmonary function test and echocardiography within
a 3-month period of nailfold videocapillaroscopy
N

Result

134

80.8 (± 20.1)

DLCO, % predicted

134

66.2 (± 23.7)

FVC%/DLCO%

134

1.5 (± 0.4)

96

30.7 (± 12.0)

TRV (m/s)

96

2.8 (± 0.3)

TRV ≥ 2.9 m/s or other echo PH signs

134

14 (10.4)

Variable
Pulmonary function test
FVC, % predicted

Echocardiography
RVSP (mmHg)

Data presented as mean (± standard deviation) for continuous variables and
as number (%) for categorical variables
FVC forced vital capacity, DLCO diffusion capacity of the lung for carbon
monoxide, RVSP right ventricular systolic pressure, TRV tricuspid regurgitation
velocity, PH pulmonary hypertension

number of capillaries with neoangiogenesis was higher
in ILD patients (0.56/mm vs 0.31/mm, p = 0.005). Focusing on PAH, patients with this manifestation also
showed greater frequency of capillaries with neoangiogenesis compared with patients with no PAH (0.70/mm
vs 0.33/mm, p = 0.007). All prior comparisons remained
statistically significant after Bonferroni correction (p <
0.008).
Concerning qualitative NVC analysis, a late pattern
(27.6%) was more prevalent in patients with ILD (p =
0.006). In addition, a late pattern showed lower FVC and
DLCO values compared with normal, early and active
patterns (Table 4).
Clinical and NVC correlations

Age at NVC was inversely correlated with the number of
enlarged capillaries (ρ = − 0.20, p = 0.01) and the quantity
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of microhaemorrhages (ρ = − 0.25, p = 0.003). The time
elapsed from first symptom to NVC was negatively associated with the number of microhaemorrhages (ρ = −
0.25, p = 0.003) and positively with the number of capillaries with neoangiogenesis (ρ = 0.18, p = 0.03). Higher
capillary density was positively correlated with the %
DLCO (ρ = 0.26, p = 0.003) and negatively with the RVSP
(ρ = − 0.21, p = 0.03). The number of capillaries with
neoangiogenesis was inversely associated with % FVC (ρ
= − 0.24, p = 0.004) and % DLCO (ρ = − 0.26, p = 0.002)
and was positively associated with RVSP (ρ = 0.20, p =
0.04).
Inter-observer and intra-observer reliability

The inter-observer reproducibility for all quantitative
NVC features was almost perfect with an ICC higher
than 0.80 (Table 5), except for the number of capillaries
with neoangiogenesis which displayed a substantial reproducibility (95% CI) of 0.77 (0.58–0.88). Qualitative
Cutolo’s patterns also showed almost perfect reproducibility with Cohen’s κ of 0.83 (0.66–1.0), even when each
pattern was analysed separately, with the only exception
of an early pattern which had a substantial reproducibility with Cohen’s κ of 0.73 (0.42–1.0).
Regarding intra-observer repeatability, similar results
were obtained for quantitative and qualitative variables,
with an increment of neoangiogenesis repeatability up to
0.81 (0.56–0.90).
Multivariate analysis

Quantitative NVC studies To elucidate which NVC
findings were more strongly associated with pulmonary
parameters, a multivariate analysis was conducted using

Table 3 Nailfold videocapillaroscopy characteristics and comparisons between groups of patients depending on pulmonary
involvement
ILD comparisons
ILD (n = 58)

No ILD (n = 76)

Capillary density (n) ª

4.86 (4.14–5.80)

5.88 (4.74–6.85)

Enlarged capillaries (n) ª

0.84 (0.31–1.53)

0.85 (0.39–1.58)

Giant capillaries (n) ª

0.26 (0.00–0.64)

Microhaemorrhages (n) ª

0.12 (0.00–0.38)

Tortuous capillaries (n) ª

0.45 (0.19–1.31)

Neoangiogenesis (n) ª

0.56 (0.23–1.28)

8 (13.8)/23 (39.7)/23
(39.7)

p value

PAH comparisons

p value

PAH (n = 11)

No PAH (n = 123)

0.005*

5.47 (5.00–5.83)

5.42 (4.31–6.74)

0.997

0.738

0.56 (0.25–0.93)

0.91 (0.40–1.61)

0.128

0.30 (0.04–1.07)

0.362

0.06 (0.00–0.40)

0.29 (0.03–1.02)

0.167

0.13 (0.00–0.42)

0.735

0.06 (0.00–0.22)

0.14 (0.00–0.40)

0.101

0.72 (0.28–1.49)

0.216

0.63 (0.25–1.71)

0.59 (0.23–1.43)

0.773

0.31 (0.12–0.62)

0.005*

0.70 (0.47–1.80)

0.33 (0.12–0.78)

0.007*

15 (19.7)/36 (47.4)/14
(18.4)

0.366/0.373/
0.006*

1 (9.1)/4 (36.4)/6
(54.5)

21 (17.9)/52 (44.4)/29
(24.8)

0.688/0.755/
0.069

Quantitative NVC features

Qualitative NVC features
Cutolo’s pattern, early/
active/late

Data presented as median (interquartile range) for continuous variables and as number (%) for categorical variables
ILD interstitial lung disease, PAH pulmonary arterial hypertension, NVC nailfold videocapillaroscopy
ªAdjusted by each millimetre of the nailfold
*Statistically significant comparison after Bonferroni correction (p < 0.008)
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Table 4 Association between qualitative nailfold videocapillaroscopy and pulmonary function tests
Cutolo’s pattern
Normal (n = 15)

Early (n = 23)

Active (n = 59)

Late (n = 37)

p value

89.1 (± 20.3)

82.3 (± 17.2)

85.3 (± 18.3)

69.6 (± 20.7)*,**

0.001

68.6 (± 20.4)

,†,‡

0.002

FVC, % predicted
DLCO, % predicted

77.3 (± 20.8)

71.4 (± 27.5)

54.2 (± 23.3)*

Data presented as mean (± standard deviation) for continuous variables
FVC forced vital capacity, DLCO diffusion capacity of the lung for carbon monoxide
*p < 0.01, late versus normal
**p = 0.001, late versus active
†
p < 0.05, late versus early
‡
p < 0.05, late versus active

% FVC as a dependent variable. Table 6 presents variables with statistical significance or a tendency to be significant. The number of capillaries with neoangiogenesis
in NVC, male gender and ILD on HRCT were associated
with a lower % FVC, whereas ACA positivity was identified as a protective factor. The analysis estimated that
for each capillary with neoangiogenesis visualized on
average per 1-mm nailfold, the FVC would be reduced
7.3%.
A lower % DLCO value was associated with a reduced
number of enlarged capillaries and an increased number
of giant capillaries, along with ILD on HRCT, lower %
FVC, PAH confirmed by RHC, TRV ≥ 2.9 m/s or other
echo PH signs on echocardiography. In this way, for
each enlarged capillary on average per 1 mm the DLCO
would be 7.8% higher; however, for each giant capillary
it would be diminished 11.8%.
Qualitative NVC studies Multivariate analysis showed
an association between late pattern and lower % FVC
values. FVC would be diminished 14.3% in a patient with
late NVC pattern features (Table 7). None of the NVC
patterns were related to DLCO values.
Table 5 Inter-observer and intra-observer reliability
Inter-observer (95% CI)

Intra-observer (95% CI)

ICC for quantitative NVC features
Capillary density

0.96 (0.93–0.98)

0.97 (0.93–0.98)

Enlarged capillaries

0.87 (0.77–0.93)

0.93 (0.83–0.97)

Giant capillaries

0.91 (0.83–0.95)

0.95 (0.90–0.97)

Discussion
This cross-sectional study in an SSc population indicated that the presence of capillaries with neoangiogenesis in NVC was related to lower percentage FVC values
independently of other baseline characteristics. According to our results, a patient with one capillary with
neoangiogenesis per millimetre on average in NVC
would have 7.3% lower FVC percentage regardless of
other clinical or capillaroscopic conditions. Concerning
qualitative NVC assessments, a late pattern was also associated with lower FVC. We also found a substantial or
almost perfect inter-observer and intra-observer reliability of all NVC features.
The median capillary density was similar to that reported previously, but our study included a higher significant number of evaluated images per patient [33, 34].
Prior publications have mainly focused on qualitative
NVC, finding correlations between NVC patterns and
different variables such as ILD, FVC, DLCO, RVSP, DU
Table 6 Multiple regression analysis according to quantitative
nailfold videocapillaroscopy
B

95% CI

p value

FVC as dependent variable
Male gender

−11.0

−19.2 to −2.9

0.008

Interstitial findings on HRCT

−14.8

−21.1 to −8.4

< 0.001

ACA positivity

7.2

0.1 to 14.3

0.045

Neoangiogenesis/mm

−7.3

−11.0 to −3.6

< 0.001

Digital ulcers

−6.7

−13.6 to 0.1

0.056

DLCO as dependent variable

Microhaemorrhages

0.97 (0.94–0.98)

0.99 (0.98–0.99)

Interstitial findings on HRCT

−9.4

−16.4 to −2.5

0.008

Tortuous capillaries

0.92 (0.85–0.95)

0.91 (0.69–0.96)

FVC

0.5

0.3 to 0.7

<0.001

Neoangiogenesis

0.77 (0.58–0.88)

0.81 (0.56–0.90)

−14.3

−26.9 to −1.6

0.027

TRV ≥ 2.9 m/s or other echo PH signs −16.4 − 28.3 to −4.6

0.007

Cohen’s κ coefficient for qualitative NVC features

PAH confirmed by RHC

Cutolo’s patterns

0.83 (0.66–1.0)

0.81 (0.64–0.97)

Enlarged capillaries

Normal pattern

0.92 (0.75–1.0)

0.83 (0.55–1.0)

Giant capillaries

Early pattern

0.73 (0.42–1.0)

0.66 (0.33–0.99)

Active pattern

0.82 (0.65–0.99)

0.87 (0.71–1.0)

Late pattern

0.87 (0.69–1.0)

0.81 (0.59–10)

CI confidence interval, ICC intra-class coefficient, NVC
nailfold videocapillaroscopy

7.8

1.1 to 14.4

0.021

−11.8

−21.4 to −2.2

0.016

Only variables with statistical significance or tendency to be significant
are presented
B regression coefficient, CI confidence interval, FVC forced vital capacity, HRCT
high resolution computed tomography, ACA anticentromere antibodies, DLCO
diffusion capacity of the lung for carbon monoxide, PAH pulmonary arterial
hypertension, RHC right heart catheterization, TRV tricuspid regurgitation
velocity, PH pulmonary hypertension
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Table 7 Multiple regression analysis according to Cutolo’s
patterns
B

95% CI

p value

FVC as dependent variable
Male gender

−12.3 −21.0 to −3.5

Interstitial findings on HRCT

−13.5 −20.2 to −6.7 < 0.001

0.006

−0.1 to 17.4

0.051

−14.3 −26.1 to −2.5

0.018

Digital ulcers

−8.3

−14.8 to −1.8

0.013

Interstitial findings on HRCT

−9.8

−16.8 to −2.8

0.006

0.5

0.3 to 0.7

< 0.001

ACA positivity
Cutolo’s late pattern

8.6

DLCO as dependent variable

FVC

−14.1 −26.8 to −1.5

0.028

TRV ≥ 2.9 m/s or other echo PH signs − 14.9 −26.8 to −3.0

0.014

PH confirmed by RHC

Only variables with statistical significance or tendency to be significant
are presented
B regression coefficient, CI confidence interval, FVC forced vital capacity, HRCT
high resolution computed tomography, ACA anticentromere antibodies, DLCO
diffusion capacity of the lung for carbon monoxide, PAH pulmonary arterial
hypertension, PH pulmonary hypertension, RHC right heart catheterization, TRV
tricuspid regurgitation velocity

or even risk of developing new DU [35–38]. On the
other hand, quantitative NVC studies proposed capillaroscopic prognostic tools for the development of new
DU or even the progression to SSc [34, 39–41]. We
achieved equal or superior intra-observer and
inter-observer reliability to previous quantitative NVC
studies [27], probably because our work compared the
mean of NVC features analysing all images of each patient instead of a single image per patient, which reflects
real-life capillaroscopy more. Moreover, qualitative NVC
features as Cutolo’s patterns were assessed with almost
perfect reliability. However, few research projects have
concentrated on extensive quantitative analysis and its
correlation with clinical variables, specifically with lung
parameters.
We found that SSc patients with ILD had a lower capillary density and a higher number of capillaries with
neoangiogenesis. These findings support the prior
semi-quantitative NVC study, which identified higher
mean avascular scores in patients with ground-glass
opacities [42]. Similarly, Castellvi et al. [43] described an
association between low capillary density defined as < 7
capillaries/mm and lower FVC and DLCO percentages
using a semi-quantitative NVC. Smith et al. [37] also
found a strong association between NVC patterns and
future severe lung involvement at 18–24 months, defined
as a punctuation ≥ 2 in lung evaluation on the Medsger
severity scale. Nevertheless, the risk of severe ILD or PH
was not specified separately [37, 44].
Recently, Avouac et al. [16] published a sequential
quantitative NVC study with multivariate Cox analysis
revealing that an incident or increased number of giant
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capillaries during the follow-up was protective of new
DU. Progressive loss of capillaries from baseline predicted overall disease progression, new DU, lung vascular progression defined as new onset of precapillary PH
on RHC, skin fibrosis and worsening in the Medsger severity score. Baseline angiogenesis predicted only lung
vascular progression. The present study performs a
multivariate analysis including clinical, immunological
and quantitative/qualitative NVC findings for the investigation of lung parameters at baseline conditions. We
identified that the number of capillaries with neoangiogenesis, male gender and the presence of ILD on HRCT
were factors independently associated with lower FVC
values, while ACA positivity was found to be a protector,
which supports Avouac et al.’s work.
Furthermore, regarding qualitative NVC studies, the
progression from normal/early/active to a late pattern was
related to the development of new DU, lung vascular progression, progression of skin fibrosis and worsening on
the Medsger severity scale [16]. According to these findings, the greatest destructive NVC features, as the late pattern, were associated with lower FVC values.
Consequently, it appears that endothelial damage mediates
both lung fibrosis and peripheral microvascular changes visualized in NVC. SSc patients with more extensive ILD may
also show higher nailfold capillary perturbations, ineffective
angiogenesis and vasculogenesis, which reflects a higher frequency of bushy or bizarre capillaries which are denominated as neoangiogenesis [45]. In fact, ILD has already been
linked in a multivariate analysis with peripheral vasculopathy
in the form of prior/current DU [20].
Recently, a qualitative NVC study has noted the predictive role of NVC and specific autoantibodies in cardiopulmonary involvement [35]. Specifically, active and late
NVC patterns were associated with ILD, DLCO < 70% of
predicted, reduced maximum oxygen uptake, higher NT
pro-BNP and increased systolic pulmonary artery pressure
values. However, PH was estimated by indirect measurements and was not confirmed by RHC. In our cohort, the
prevalence of PAH confirmed by RHC was 8.2%, similar
to previous reports [7, 8]. Surprisingly, we found enlarged
capillaries being associated with higher % DLCO values,
and giant capillaries were independently correlated with
lower DLCO percentage. These findings contrast with a
prior publication where new giant or increased giant capillaries during follow-up tended to be protective of lung
vascular progression or overall disease progression [16].
This paradoxical association between enlarged capillaries
and higher DLCO values could be explained as an adaptive phenomenon. When enlarged capillaries turn into
giant capillaries, which means a failure in microvascular
adaptation and consequently a severe capillary dysfunction, an impairment of DLCO values occurs. The formation of extremely large capillaries may contribute to gas
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exchange disturbance in all tissues including the lung,
which might result in DLCO decline.
Hofstee et al. [46] found that capillary density was inversely correlated with the mPAP in both SSc-PAH and
idiopathic PAH patients. Interestingly, Riccieri et al. [47]
demonstrated the existence of greater avascular areas
and severe active/late NVC patterns in a group of 12
SSc-PAH patients, and that higher NVC scores and
avascular areas scores were correlated with mPAP. Corrado et al. [48] observed capillaroscopic abnormalities in
38.1% of idiopathic PAH patients, with lower capillary
density and higher loop width compared to healthy subjects. Furthermore, the authors confirmed a reduced capillary density, and an increased mean capillary width
and mean number of capillaries with neoangiogenesis in
SSc-PAH patients compared to SSc patients without
PAH evidence. Although we also identified a negative
correlation of higher capillary density and number of
neoangiogenesis capillaries with RVSP values, we did not
found an association between those NVC features and
PAH defined by RHC in the multivariate analysis, which
may be due to the small group of PAH patients.
Limitations of this study included the cross-sectional
study, with no follow-up data, which did not allow us to
infer whether capillaroscopic findings were linked to a
specific outcome of pulmonary disease. However, although an association was observed between microvascular features and functional respiratory parameters,
this fact does not prove a causal relationship between
them. We cannot exclude that both phenomena would
be influenced by an unknown parameter that may lead a
parallel change in the first two. Notwithstanding, the
present study also had strengths, because all patients
had undergone echocardiography and PFTs close to the
NVC examination. The images were analysed blind of
clinical data by the researchers. For the statistical analysis, patients were excluded with fewer than eight explored fields, either due to technical difficulties or digital
amputations. NVC explorations after autologous stem
cell transplantation had demonstrated an improvement
in vascular damage [49]. Consequently, five lung transplant patients under high immunosuppressive treatment
were additionally removed from the study.

Conclusions
This study describes a lower capillary density and a
higher number of capillaries with neoangiogenesis in patients with ILD, and demonstrates a quantitative and
qualitative relation between specific NVC abnormalities
and lung function tests (both % FVC and % DLCO parameters). It seems that NVC findings are linked to a
wide spectrum of clinical variables in SSc, which emphasizes the crucial role of microcirculation damage in this
medical condition, especially within the lung.
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