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Introduction

Systemic sclerosis (SSc) is a complex disease character-
ized by early microvascular abnormalities, immune dys-
regulation and chronic inflammation, with subsequent 
progressive fibrosis of the skin and internal organs.1 
Scleroderma microangiopathy is characterized by struc-
tural and functional capillary alterations, including dilated 
and giant capillaries, microhaemorrhages, a progressive 
reduction in the number of capillaries, branched capillaries 
(expression of angiogenesis), resulting in microvascular 
architecture alteration.2–4

The history of the capillaroscopic analysis in SSc dates 
back to more or less 40 years ago when Maricq et al. made 
the first interpretation of these microvascular alterations 
using a wide-field microscopy technique. They described 
these microvascular alterations as having a ‘scleroderma-
type’ capillaroscopic pattern.5,6

These ‘scleroderma-type’ abnormalities make it possi-
ble to distinguish the wide spectrum of scleroderma  
diseases (e.g. SSc, mixed connective tissue disease, 

dermatopolymyositis and, at times, specific overlapping 
subsets of systemic lupus erythematosus) from healthy 
controls or other diseases.2,4,7–9 At first, the capillaroscopic 
aspects of the vascular damage observed in SSc were 
placed into one of two major microangiopathy patterns, 
named ‘Active’ and ‘Slow’.6,10

This classification was revised in 2000, when  
Cutolo et al. introduced a new concept, based on selected 
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morphological characterization of the microangiopathy 
progression. The microvascular lesions detected by nail-
fold videocapillaroscopy (NVC) in SSc patients have been 
classified into three distinct patterns. These patterns are 
clearly distinguishable from a normal pattern and reflect 
various capillary alteration phases, showing an evolutive 
trend from the ‘Early’ stage pattern, to the ‘Active’ one, up 
to the ‘Late’ pattern3,4,11,12 (Figure 1). Each microangiopa-
thy pattern is characterized by specific capillaroscopic 
abnormalities and correlates with disease duration, serum 
autoantibody profile and several clinical aspects of the  
disease.3,4,13 A very recent survey assessed the reproduci-
bility of these patterns.12

This report reviews the studies that have investigated 
the progressive improvement in capillaroscopic analysis 
and the correlations between scleroderma NVC patterns 
and several SSc clinical aspects.

Normal and scleroderma nailfold 
capillary patters

The detection of the early microvascular damage seems to 
be the best approach to evidence the early development of 
SSc and is usually evident many years before other signs 
and symptoms. The alterations in the microvessel structure 
are easily detected by nailfold capillaroscopy, particularly 

in their early stages. This has high differential diagnostic 
value, even in the presence of isolated Raynaud’s phenom-
enon (RP).2,14,15

More than 90% of SSc patients have the characteristic 
capillaroscopic abnormalities of scleroderma microangi-
opathy and although nailfold capillary morphology has a 
wide inter- and intra-individual variability, the sclero-
derma pattern is almost easily distinguishable from that of 
normal subjects.16,17

The most important characteristics of a normal nailfold 
capillaroscopy are as follows: the ‘U’ or ‘hairpin’ shape 
capillary morphology; the morphological homogeneity of 
capillary diameters (the diameters of capillary branches 
are <20 μm, and the afferent/efferent limb ratio is 2:1); the 
homogeneous capillary distribution with at least 9 capillar-
ies/mm counted at the distal capillary row; one capillary 
inside each dermal papilla; the main capillary axis perpen-
dicular to the distal row; and the high level of skin trans-
parency with good capillary visibility (Figure 1(a)).17–19

Really, ‘isolated’ either variations or abnormalities in 
morphology, distribution and/or orientation of the capillar-
ies (due to individual variability, manicures, onychophagia, 
localized traumas and contact with chemical substances) 
may be observed in healthy subjects.17,18 The most fre-
quently described variations in the normal framework in 
healthy subjects are tortuosity and capillary crossing.20 

Figure 1.  Nailfold videocapillaroscopy images (×200) in (a) a healthy subject, (b) ‘Early’, (c) ‘Active’ and (d) ‘Late’ patterns of 
scleroderma microangiopathy.
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Moreover, non-specific abnormalities like homogeneous 
enlarged loops, capillary neoformation or micro-bleeding 
have a low prevalence in only a few fingers in disease-free 
subjects.16,17 Conversely, non-homogeneous enlarged loops 
may be observed in connective tissue diseases, even in a 
pre-clinic stage.21 A normal capillary pattern is character-
ized by the absence of either capillary loss or giant 
capillaries.17,18,21–23

The NVC pattern in primary RP is one of regular capil-
lary loops along the nailfold bed without abnormal enlarge-
ments or capillary loss. A clear understanding of the range 
of variability of ‘normal’ nailfold capillary patterns is a 
must if a normal pattern is to be distinguished from a scle-
roderma pattern.17,20 Of note, enlarged loops may be 
observed in SSc patients also in a pre-clinical stage, while 
the progression to secondary RP is unlikely in subjects 
affected by isolated RP in the presence of a mean capillary 
diameter <30 μm.21

On the contrary, the observation of giant capillaries 
(diameter > 50 μm) and microhaemorrhages at NVC suf-
fices to identify the ‘Early’ scleroderma pattern of micro-
angiopathy. With the progression of the microvascular 
damage, the more advanced ‘Active’ pattern is character-
ized by an increase in giant capillaries and microhaemor-
rhages and furthers capillary loss. Finally, typical features 
of the ‘Late’ pattern of microangiopathy are the absence of 
giant capillaries and the presence of abnormal-shaped and 
dilated capillaries, neoangiogenesis and capillary ‘deserti-
fication’2–4,24–28 (Figure 1).

The ‘Early’ NVC scleroderma pattern is fundamental 
for an early SSc diagnosis and that of other diseases of the 
scleroderma spectrum, and it has been defined as having a 
combination of a few enlarged/giant capillaries, a few cap-
illary microhaemorrhages, a relatively well-preserved cap-
illary distribution and no evident capillary loss3,4 (Figure 
1(b)). Noteworthy is the fact that a recent report has evi-
denced that the ‘Early’ scleroderma NVC pattern is also 
the predominant pattern in VEDOSS (very early diagnosis 
of systemic sclerosis) patients.15

As mentioned above, the ‘Active’ NVC scleroderma 
pattern indicates disease progression, and it is character-
ized by frequent giant capillaries, frequent capillary 
microhaemorrhages, a moderate capillary loss, mild  
disorganization of the capillary architecture and absent or 
mild ramified capillaries3,4,27 (Figure 1(c)). Finally, the 
‘Late’ scleroderma NVC pattern includes all the aspects 
of a severe capillary loss, tissue fibrosis and neoangio-
genesis3,4,27 (Figure 1(d)).

The ‘scleroderma-like’ pattern has been defined as a 
capillary pattern that contains a mixture of the microvascu-
lar markers for the various scleroderma patterns that do not 
fully fit into any single definition as such, for example, 
‘Early’, ‘Active’ or ‘Late’ scleroderma patterns.2–4,11,22 
This ‘mixture’ of microvascular changes may be observed, 
for example, either in patients with dermatomyositis and 

mixed connective tissue disease or in SSc patients under 
treatment.29,30

Practically, the scleroderma-spectrum disease category 
is defined as having an ‘Early’, ‘Active’ or ‘Late’ sclero-
derma pattern or a ‘scleroderma-like’ pattern.2–4,11

In 2008, the Genova School proposed that the NVC 
parameters belonging to the scleroderma pattern (enlarged 
capillaries, giant capillaries, microhaemorrhages, capillary 
loss, disorganization of the microvascular array and capil-
lary ramifications) should be assessed in a quantitative 
manner.31 Therefore, a semiquantitative rating scale was 
adopted to score these microvascular parameters, which 
was validated and published by a two-center study.16,31

Currently, the same group headed by Cutolo et al. has 
set up and presented an automatic system able to count the 
nailfold capillaries by analysing the capillaroscopic 
images.32 This is an important practical achievement, as it 
has been established that the most indicative parameter for 
the evaluation of progressive microvascular damage in 
scleroderma is the simple capillaries count.32,33

Sulli et al. proposed the evaluation of the vascular dam-
age be based on an ‘microangiopathy evolution score’ 
(MES). This score is a sum of the score given to the three 
parameters, that is, capillary loss, disorganization of the 
microvascular array and capillary ramifications.31 Indeed, 
the proposed MES showed statistically significant changes 
throughout the follow-up period, confirming its efficacy in 
quantifying and monitoring SSc microvascular damage 
over time31 (Table 1).

Correlations between scleroderma 
patterns and internal organ 
involvement

Recently, several studies have demonstrated that SSc 
microangiopathy correlates with disease subsets and 
their severity. Furthermore, some authors have shown 
cross-sectional and predictive associations between 
progressive capillaroscopic changes and the impairment 
of internal organ function, that is, lung disease, skin 
fibrosis and digital ulcers.33–44 It has now become clear 
that SSc patients with a ‘Late’ NVC pattern have an 
increased risk of a complex disease and moderate to 
severe skin or visceral involvement, compared to 
patients with an ‘Early’ and ‘Active’ NVC pattern33,37–41 
(Tables 1 and 2).

Correlations between scleroderma 
patterns and pulmonary arterial 
hypertension

Interestingly, cross-sectional and predictive associa-
tions between progressive capillaroscopic changes 
(detecting microvascular damage) and pulmonary 
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arterial hypertension (PAH) in SSc have been described 
in the last few years and confirmed very recently.42 One 
early study reported that reduced nailfold capillary den-
sity in SSc patients with established PAH might have 
had a pathogenic significance and could allow for the 
early identification of a subset of patients with this 
severe disease.43

Another study demonstrated that healthy subjects 
have a statistically higher number of capillaries than 
SSc patients without PAH, SSc patients with PAH and 
patients with idiopathic PAH.45 Interestingly, capillary 
density was negatively and significantly correlated with 
the average pulmonary arterial pressure at rest in 
patients with SSc and PAH and in patients with idio-
pathic PAH.45

In summary, a reduction in nailfold capillary density 
(‘Late’ SSc pattern) appears to be correlated with the 
severity of PAH in both SSc and idiopathic PAH.45 
Recently, these aforementioned results have been sup-
ported by studies from two different groups. Smith et al. 
described the role NVC plays in the prediction of organ 
involvement, in particular PAH, as well as Ricceri et  al. 
who showed that NVC damage is correlated with the grade 
of PAH39,41 (Table 2).

Correlations between scleroderma 
patterns and digital ulcers

Skin ulcers are a common vascular complication of pro-
gressive scleroderma, can occur in association with all the 
NVC scleroderma patterns and are characterized by avas-
cular areas, indicative of, or consistent to, tissue necrosis 
(Figure 1(d)).46–48 An association between trophic lesions 
of the skin and capillary loss, as assessed by semiquantita-
tive scoring, has also been reported in a wide study.33 
Indeed, capillary loss may be important in tissue hypoxia, 
and the observation of rapidly progressive capillary loss at 
capillaroscopy may represent the first signs of severe SSc 
complication, that is, digital ulcers.23,33

As mentioned above, a recent international multicenter 
study (the CAP Study), that linked the NVC parameters to 
the progression of digital ulcers in SSc (700 patients, 14 
countries, 59 centres), has confirmed the value of NVC 
analysis as a predictive tool.33 Again the number of capil-
laries was the most statistically significant datum or even 
the only parameter associated with the risk of new digital 
ulcers in established SSc patients. Other studies also attest 
the predictive role of capillaroscopy for digital trophic 
lesions in SSc.39,49 Several indices have been proposed to 
evaluate the predictive role of NVC in the development of 
skin ulcers in SSc patients. One such study proposed a risk 
index that might be able to predict new digital ulcers 
through NVC analysis in SSc patients.50 Although this 
index has been recently validated, it seems to be quite 
complex for routine use, as it is not able to asses SSc 
patients with the ‘Late’ microangiopathy.50,51 Another 
study reported that capillary dimensions and capillary loss 
are strongly associated with digital ulceration.52

Noteworthy is the fact that a routine prognostic index, 
based exclusively on the capillary count, was used in SSc 
day hospital care in consecutive patients for the prediction 
of digital trophic lesions. Based on receiver operating 
characteristic curve (ROC) analysis, a cut-off value of 
1.67 was found for the prognostic index (mean score of 
capillary loss as calculated over eight fingers), with a sen-
sitivity of 72.22/70.00, specificity of 70.59/69.77, posi-
tive likelihood ratio of 2.46/2.32 and a negative likelihood 
ratio of 0.39/0.43, respectively, for present/future digital 
trophic lesions49 (Table 2).

Correlations between scleroderma 
patterns and dermal thikness

A very recent study has demonstrated a correlation 
between the morphological and functional aspect of 
peripheral microangiopathy and skin involvement, 
another important and typical aspect of SSc53 (Table 2). 
The modified Rodnan skin score (mRSS) is the validated 

Table 1.  Important milestones in the study of microcirculatory damage by nailfold videocapillaroscopy in systemic sclerosis 
patients and healthy subjects.

Study Milestones in the study of microvascular damage analysed by nailfold capillaroscopy

Maricq and LeRoy5

Maricq6
Description of a ‘scleroderma-type’ capillaroscopic pattern
Two major patterns of microangiopathy: ‘Active’ and ‘Slow’

Cutolo et al.4 Definition of ‘scleroderma capillaroscopic pattern’
Three patterns of microangiopathy: ‘Early’, ‘Active’ and ‘Late’

Sulli et al.31 Definition of semiquantitative rating scale to score altered microvascular parameters 
and ‘microangiopathy evolution score’ (MES)

Smith et al.16 Reliability of the qualitative and semiquantitative nailfold videocapillaroscopy assessment
Ingegnoli et al.17 Nailfold capillaroscpic patterns in healthy subjects: a real issue in capillaroscopy
Smith et al.20 EULAR Study Group definition on reliability of simple capillaroscopic definitions to 

describe capillary morphology

EULAR: European League Against Rheumatism.
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method used to assess the severity of the skin damage in 
SSc.54 However, recently, several studies have reported 
that skin high frequency ultrasound (HF-US) is able to 
detect earlier skin impairment.55–57

In one study carried out with the use of both HF-US and 
the mRSS, the authors reported that SSc patients with a 
‘Late’ NVC pattern of microangiopathy and/or a high 
MES score had a propensity for a higher dermal thickness 
(DT) than patients with ‘Active’ or ‘Early’ SSc patterns.53,55 
Moreover, a statistically significant positive correlation 
between MES and DT was demonstrated, as was the fact 
that patients with limited cutaneous systemic sclerosis 
(lcSSc) had lower DT and MES than those with diffuse 
cutaneous SSc.55,56

Some skin areas that were deemed normal on the basis 
of a negative mRSS were shown to be already involved by 
an early stage fibrotic process at HF-US analysis.57 This 

finding has important implications, as it could be also a 
sign of disease progression in patients with an ‘Early’ 
NVC pattern of microangiopathy.56,57 The study also dem-
onstrated that the sum of the DTs measured by HF-US in 
the 17 areas usually evaluated by mRSS was significantly 
higher in the lcSSc patients who had an NVC ‘Late’ micro-
angiopathy pattern and an elevated MES score.57 These 
results confirm the importance of evaluating microvascu-
lar damage, as it mirrors numerous clinical aspects of SSc, 
like skin involvement, both at disease onset and during 
follow-up.55–57 

Correlations between scleroderma 
patterns and skin blood perfusion

Although NVC is not able to measure blood perfusion 
under standard conditions, in some cases it may show the 

Table 2.  The most important relationship between nailfold capillaroscopy and organ involvements in systemic sclerosis (SSc) 
patients.

Study The relationship between nailfold capillaroscopy and organ involvement in SSc

NVC links 
with global SSc 
impairment

Caramaschi et al.34 Nailfold videocapillaroscopic patterns are associated with disease subset and severity
Smith et al.38,39 Nailfold capillaroscopy for the prediction of novel future severe organ involvement in 

systemic sclerosis
Ingegnoli et al.40 Higher number of SSc clinical manifestations in patients with progressively worsening of 

microangiopathy pattern
Avouac et al.36 Sequential nailfold videocapillaroscopy examinations detect organ progression in 

systemic sclerosis
NVC links with 
PAH

Ong et al.43 A reduction in nailfold capillary density (‘Late’ SSc pattern) is correlated with the PAH 
severity

Hofstee et al.45 Nailfold capillary density is associated with the presence and severity of PAH
Riccieri et al.41 Microangiopathy severity is correlated with PAH
Corrado et al.42 Patients with IPAH have significantly lower capillary density compared to healthy 

subjects
NVC links with 
DUs

Sebastiani et al.50,51 Capillaroscopic DUs risk index
Smith et al.49 NVC may provide a clinical prognostic index for DUs
Silva et al.46 NVC patterns as predictors of DUs
Cutolo et al.33 NVC feature risk factors for DUs

NVC links with 
DT

Sulli et al.55 NVC correlates with DT evaluated by mRSS and US at the level of the periungual region
Sulli et al.57 NVC correlates with total DT (by mRSS and US)
Ruaro et al.53 NVC correlates with DT (by mRSS and US) at the level of the fingers

NVC links with 
PBF

Murray et al.59 NVC, LDI and thermal imaging independently provide good discrimination between SSc, 
primary RP and healthy controls
NVC being the most suitable technique to classify patients

Cutolo et al.47,81 Peripheral blood perfusion, evaluated by LDF, correlates with microvascular 
abnormalities studied by NVC

Rosato et al.62 LDPI and PPG can provide useful information to distinguish patients with PRP from 
those with SSc but NVC is the best method to analyse microvascular damage

Ruaro et al.63,61 NVC patterns of microangiopathy and MES is negatively correlated with skin blood 
perfusion, as evaluated by LASCA

Della Rossa et al.64 PORH peak flow, assessed by LASCA, decreases on the basis of the NVC pattern
Ingegnoli et al.93 NVC is the best method to analyse microvascular damage in rheumatic diseases

NVC: nailfold videocapillaroscopy; PAH: pulmonary arterial hypertension; IPAH: idiopathic pulmonary arterial hypertension; DUs: digital ulcers; DT: 
dermal thickness; PBF: peripheral blood flow; LDF: laser Doppler flowmetry; LDI: laser Doppler imaging; RP: Raynaud’s phenomenon; LDPI: laser 
Doppler perfusion imaging; PPG: photoplethysmography; PRP: primary Raynaud’s phenomenon; mRSS: modified Rodnan skin score; US: ultrasound; 
MES: microangiopathy evolution score; LASCA: laser speckle contrast analysis; PORH: post-occlusive reactive hyperaemia.



Ruaro et al.	 127

blood flow intensity58 (Table 2). However, there are various 
techniques capable of making a direct/indirect assessment 
of blood flow/perfusion in SSc, including laser techniques, 
thermography or photoplethysmography.59–68 Yet, another 
breakthrough in the field of microvascular dynamics in SSc 
has been demonstrated in several studies, that is, the micro-
vascular involvement (assessed either qualitatively by 
NVC patterns of microangiopathy or quantitatively by 
NVC scoring) is negatively correlated with skin blood per-
fusion.47,63,66 Indeed, studies that evaluated skin blood per-
fusion in a single point (laser Doppler flowmetry) or over a 
large area (laser Doppler imaging or laser speckle contrast 
analysis (LASCA)) have demonstrated that SSc patients 
with a ‘Late’ NVC pattern had a lower blood flow than 
those with an ‘Active’ or ‘Early’ NVC pattern.47,63

Recent studies reported that when blood perfusion was 
assessed by the LASCA technique, it was significantly 
lower in SSc patients than in healthy subjects at the finger-
tip level, in the periungual areas and the palm of the 
hands.53,63,68 Moreover, there was a statistically significant 
negative correlation between the extent of the nailfold 
microangiopathy and blood perfusion values at the level of 
the same skin areas.53,63,68

Other studies observed that the combination of 
NVC, with other techniques that provide dynamic 
information on microvascular involvement, for exam-
ple, Laser Doppler imaging, thermal imaging or photo-
plethysmography, improve SSc patient classification 
and provide useful information to distinguish patients 
with primary RP from SSc patients.59 A very recent sur-
vey, together with previous studies, confirmed that 
NVC is used by at least 72% of capillaroscopy users, 
and that NVC is the best method to investigate and 
classify an SSc patient.59,62

Another technique to evaluate functional vascular 
damage in SSc patients is power Doppler ultrasonogra-
phy (PDUS).69,70 Recently, some authors reported that 
macrovascular features such as ulnar artery occlusion, 
assessed by PDUS, and microvascular damage, evalu-
ated by nailfold capillaroscopy, are associated with the 
most common digital manifestations of SSc, such as 
digital ulcers.69,70

Microangiopathy follow-up during  
SSc treatment

Although various treatment options are available for the 
management of RP, these approaches at most are able to 
reduce the severity of the symptoms but do not resolve the 
clinical situation.71–74 Microangiopathy evaluated by NVC 
(alone or with functional techniques) has also been used to 
evaluate the response to specific therapies in SSc  
patients.75–84 Interestingly, some studies used NVC to 
detect the microvascular changes in terms of likely 
response markers to immunosuppressive/anti-fibrosing 

treatment and most of these studies considered endotelin-1 
receptor antagonists effective therapeutical agents.75–83

Early studies on the effect of cyclosporin have shown a 
moderate improvement in clinical symptoms and SSc nail-
fold microangiopathy, after a 12-month treatment cycle.76,77 
Similarly, cyclophosphamide was reported to have a posi-
tive significant association with an improvement in micro-
vascular damage and regression of the capillaroscopic 
pattern severity.78

Recently, a study reported no progression of the micro-
vascular damage (i.e. no further capillary loss), during the 
12-month follow-up in patients on Rituximab with early 
SSc and diffuse skin involvement.79

Other studies reported morphologic modifications in 
the scleroderma microangiopathy following vasoactive 
therapy. The development of nailfold microvasculariza-
tion, characterized by an increase in the loop number and a 
reduction in avascular areas, was described in four patients 
with SSc after being on iloprost for 3 years.85 Various stud-
ies used NVC to assess the results in SSc patients treated 
with a combination of intravenous prostanoids and 
endothelin-1 receptor blockers and reported a significant 
reduction in capillary loss.80–83 Interestingly, autologus 
haemopoietic stem cell transplants in patients with severe 
diffuse SSc has recently been reported and were demon-
strated to have improved microangiopathy to the point 
where the NVC pattern changed from ‘Late’ to ‘Active’.84

In conclusion, the possibility of using NVC to make a 
detailed analysis of the microvascular damage may well 
represent a promising, safe and inexpensive tool for the 
early monitoring of the efficacy of a therapeutic interven-
tion in SSc and its clinical complications.

Microangiopathy as a criteria for  
SSc classification

In 2001, nailfold microangiopathy was included as a 
parameter in the LeRoy criteria for the classification of 
early SSc.86 Furthermore, another study reported that the 
1980 American College of Rheumatology (ACR) criteria 
for the identification of patients with a limited SSc had a 
statistically higher sensitivity, that is, from 34% to 89%, 
when nailfold capillary abnormalities and evaluation of 
the presence of visible telangiectasia were also taken into 
consideration.86,87

In 2007, the NVC evaluation was proposed by Cutolo 
and Matucci-Cerinic to be introduced in the classification 
criteria of SSc and more recently in the VEDOSS criteria 
for very early SSc diagnosis and later on included after a 
Delphi consensus in 2011.88,89 Finally, in 2013, the evalua-
tion of nailfold microangiopathy was included in the new 
European League Against Rheumatism (EULAR) and 
ACR criteria for SSc.90 Furthermore, the use of capillaros-
copy by physicians in their routine clinical practice was 
encouraged by the same authors.90
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In addition, in 2014, the NVC evaluation was included 
in the diagnostic criteria for primary RP91 (Table 3).

Conclusion

The correlations between microvascular damage as 
detectable by different non-invasive methods (in primis 
NVC) and clinical progression of SSc have currently 
been well established. The information provided by the 
morphological and functional analysis of the microvas-
cular bed are not only able to provide valuable informa-
tion for the assessment of early SSc diagnosis and 
prognosis but may also reflect the efficacy of therapy in 
SSc patients.

One of the aims set by the EULAR study group on 
microcirculation in Rheumatic Diseases is of further dis-
seminating and standardizing the use of capillaroscopy 
and of investigating new aspects of its putative roles in 
SSc and other rheumatic diseases.92,93
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