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Abstract
Vascular injury is the main change the pathogenesis of SSc and occurs earlier, before the appearance of fibrosis. 
The new scleroderma 2013 criteria increased diagnostic sensitivity and specificity, by including capillaroscopic 
changes, besides the clinical picture and serological disease. Peripheral microvascular changes in capillaroscopy 
correlate with the severity of the skin damage but also with systemic involvement. The objective of this paper is 
to review and describe the current knowledge on nailfold capillaroscopy, as an easy, non-invasive and low cost 
technique for evaluating the vascular microangiopathy.

Keywords: nailfold capillaroscopy, scleroderma pattern, systemic sclerosis, 
megacapillary, giant capillary

Correspondence address:
Ananu Florentin Vreju, Lecturer, MD, PhD, MSc, Department of Rheumatology, University of Medicine and Pharmacy Craiova, 
2-4 Petru Rares Street, Craiova
E-mail: fl orin_vreju@yahoo.com

INTRODUCTION
Systemic sclerosis (SSc) is a chronic, multisys-

tem disabling connective tissue disorder character-
ized by endothelial and fibroblast dysfunction and 
accumulation of extracellular matrix on the blood 
vessels, skin and viscera.

Vascular injury is “primum movens” in the patho-
genesis of SSc and occurs earlier, before the appear-
ance the fibrosis and its histopathological evidence 
can be identified both in the affected and non-affect-
ed skin (1). The first change is represented by vascu-
lar intima thickening, in small and medium arteries, 
due to increased proliferation and myointimal cell 
migration and accumulation of collagen (2).

Vascular basal lamina is thickened, alteration of 
fibrinolysis occurs, levels of von Willebrand factor 
increase. Endothelial cell injury is a consequence of 
continuous platelet aggregation with platelet-derived 
growth factor (PDGF) and endothelin-1 (ET-1) re-
lease, followed by endothelial cell apoptosis (3,4). 
Other factors with role in pathogenesis include auto-
antibodies against endothelial cells, vascular tropic 
viruses or inflammatory cytokines. Lesions vasculi-

tis-like with deposition of immune complexes are 
uncommon.

In advanced stages of the disease, extensive fi-
brin deposition and perivascular fibrosis cause pro-
gressive occlusion of the arterial lumen with marked 
reduction in the number of small vessels and chronic 
hypoxia in damaged tissues (5).

 Vascular injury leads to activation and endothe-
lial cell dysfunction, with increased expression of 
cell adhesion molecule 1 and endothelial leukocyte 
adhesion molecule 1, modifying vasoactive media-
tors’ secretion and platelet activation and fibrinoly-
sis pathway (6,7). Thus, activated platelets release 
thromboxane A2, PDGF and TGF-β, which initiates 
vasoconstriction and contributes to the activation of 
fibroblasts and myofibroblasts differentiation. It also 
increases the number of pericytes expressing surface 
markers Thy 1 (CD90) and PDGF receptors (8,9). 

Endothelial cell response to vasodilators factors 
(prostacyclin, nitric oxide) are ineffective, the gain 
of vascular injury being aggravated by alteration of 
vasodilation/vasoconstriction balance and episodes 
of ischemia/reperfusion. The consequences are: in-
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creased capillary permeability and leukocytes mi-
gration, platelet and fibrinolysis pathway activation 
with the occurrence of thrombosis. 

The activated endothelial cells release ET-1, the 
most powerful vasoconstrictor that promotes leuko-
cyte and vascular smooth muscle cells adhesion, fol-
lowed by activation of fibroblasts.

Hypertrophy of the intima and the medium layer 
of the wall of small vessels and adventitia fibrosis 
causes progressive narrowing of the lumen, which, 
associated with endothelial cell apoptosis, leads to 
reduction of number of blood vessels (10), tissue 
chronic hypoxia and increased expression of VEGF 
and its receptors in damaged tissues (11-13). It has 
been showed that serum concentrations of endostatin 
inhibitor of angiogenesis is elevated and a degrada-
tion product of collagen type XVIII is often found in 
SSc patients (14).

Microvascular injury is characterized by a de-
crease in capillary number and structure change, 
leading to a decrease in blood flow and tissue isch-
emia, the end state being the avascular areas and for-
mation of giant capillaries, in an attempt to support 
tissue nutrition. All these changes can be assessed by 
morphological vascular capillaroscopy.

Nailfold capillaroscopy is a non-invasive method 
for the assessment of capillaries number and mor-
phology, by examining the nail fold. Capillaroscopy 
is an important imaging tool used for microvascular 
study with an important benefit in early assessment 
of systemic sclerosis and in the same time.

Brief history of capillaroscopy

The first visualization of capillaries was made in 
1661 by Marcello Malpighi. Italian physician 
Giovanni Rasori (1766-1837), described a relation-
ship between conjunctive tissue inflammation and 
the presence of “knots of capillary loops”, visible 
through a magnifying glass (15). After this descrip-
tion, in the early twentieth century, Sir Jonathan 
Hutchinson differentiated primary from secondary 
Raynaud’s phenomenon (16).

In 1912, Lombard examined nail fold capillaries 
using a microscope by applying a drop of oil. In 
1918, Weiss has perfected the capillaroscopy tech-
nique and took images using a camera. In 1922, Ot-
fried Müller published the first color atlas of changes 
in the capillaries viewed in the nail fold. In 1925, 
Brown and O’Leary demonstrated microvascular 
changes in Raynaud’s phenomenon in scleroderma 

using capillaroscopic analysis. After these observa-
tions, capillaroscopy has been neglected for several 
decades, until the second half of the twentieth cen-
tury, when Hildegard Maricq, considered a pioneer 
of modern capillaroscopy, along with LeRoy Car-
wile described capillaroscopic patterns in SSc. 
Fagrell studied capillaries in foot of patients with 
chronic venous insufficiency and in 1979 – Bol-
linger (Zürich) introduced fluorescent tracers tech-
nique using a solution of 20% Na – fluorescein in 
bolus injections, in the antecubital veins, thus 
achieving transcapillary and interstitial diffusion. 

In 2001 capillaroscopy abnormalities were in-
cluded in defining systemic sclerosis subsets by Le-
Roy and it was suggested their importance in its 
early diagnosis (17). 

Nailfold capillary microscopy can be made with 
several kinds of optical instruments, such as the oph-
thalmoscope, conventional optical microscope, ste-
reo microscope, videocapillaroscope. 

Normal and pathological capillaroscopy items 

In capillaroscopic assessment two parameters 
must be followed: morphological (static) and func-
tional (dynamic) changes.

For the morphological criteria there have been 
considered the following factors: visibility, capillary 
loops morphology, size (diameter) of capillary loops, 
loops length and their distribution, capillary density 
and microbleeds. Functional criteria evaluate the 
type of flow, as continuous or normal, granular as-
pect, microaggregates, flashing or “goals”, with or 
without interruptions.

Capillaroscopy also offers data about quality of 
extracellular matrix (transparent, color, presence of 
edema, hemosiderin deposits, bleeding areas). 

Visibility depends on cutaneous transparency and 
skin thickness varying with sex, age and profession. 
The decrease of skin transparency diminishes the 
visibility of the capillary network and this is due, in 
early stages of the disease, to interstitial oedema, and 
in more advanced stages to extracellular matrix ex-
cess. In 30% of the healthy subjects, venous plexus 
is more visible in the 4th and 5th finger. In certain 
conditions it may be irregular, enlarged and twisted. 

The morphology of normal capillary loops shows 
a “U” or hairpin aspect, parallel to the skin surface of 
cuticle. Morphology loops can vary depending on 
the subject’s age, physiological abnormalities being 
often present: tortuosity, with one or more crossings, 
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in the shape of “8”, “corkscrew” Branched capillar-
ies (“clover”, “cactus”, “fern”) and “bush-like” ones, 
or ectasia loops, regular or irregular, diffuse or cir-
cumscribed, apical or lateral are more frequently 
pathological.

Very closely correlated with these changes is 
loops size. The normal diameter loops varies be-
tween 5-15 μm, the arterial branch is usually thinner 
than the venous one. The apical side has a diameter 
between 8-14 μm. If the arterial limb is larger than 
15 μm or the venous one is wider than 20 μm, we can 
consider that an abnormal, dilated capillary. Homo-
geneously dilated loops can reach a diameter of > 50 
micrometers – giant capillaries, or can reach a di-
ameter of 100-200 μm, and are called megacapillar-
ies. Microbleeding occurs very often near megacap-
illaries and along with other changes define 
scleroderma patterns.

Capillary length is a parameter harder objecti-
fied, depending on skin transparency, generally 
ranging between 200-500 μm. 

Microhaemorrhages can occur as a consequence 
of the disruption of the vessel wall, being viewed 
most frequently in the last row of the capillaries. Mi-
crohaemorrhage may be recent, not very well de-
fined, appearing as a red spot near the top bleeding 
capillary loop, or near the branches (bleeding side), 
or older, deeper, darker and more distant of loop ori-
gin, that can turn brown in time into a hemosiderin 
deposit along the edge of the skin. Microhaemor-
rhages are a pathognomonic scleroderma element, 
especially along with megacapillaries.

Capillary density is determined by the number of 
capillary loops per linear millimetre. Normally, the 
density varies between 10 to 15 capillaries/mm, each 
dermal papilla containing a capillary loop. The de-
crease of capillary density network is frequently 
seen in SSc spectrum diseases, as a consequence of 
microvascular disease. The disappearance of a loop 
(drop-out) may expand, forming avascular areas 
with absence of capillaries on area > 500 μm and 
“desert-like” aspect. It is important to differentiate 
those avascular areas from those with just poor visi-
bility because of diffuse cutaneous oedema. Neovas-
cularization, with formation of giant capillaries, 
compensates for the decreasing number of loops. 
Losing the capillary loops is associated with active 
forms of the disease and with a poor prognosis (18).

Finally, capillaroscopy can differentiate by the 
dynamic parameter, a flow feature, between the reg-
ular and normal flow through the loops and the gran-

ular one, with the presence of microaggregates in-
side the loop, with intermittent, discontinuous aspect 
and low flow. A typical change scleroderma capil-
lary flow is the so-called phenomenon “sludge”, 
“plasma penetration”.

Capillaroscopy pattern in scleroderma

Raynaud’s phenomenon is the most common 
claim that requires microcirculation analysis, capil-
laroscopy being able to help distinguish between pri-
mary and secondary disease. Changes in SSc periph-
eral microvasculature are characterized by the 
presence of structural capillaries changes (megacap-
illaries and haemorrhage), with a progressive de-
crease in the number of capillary loops.

The changes were first described by HR Maricq 
as a combination of very dilated capillaries, avascu-
lar areas and bleeding, with disorganization of the 
normal architecture of the nailfold capillaries (19). 
Subsequently, he defined two types of scleroderma 
patterns: active – which associated megacapillaries 
with decreased density loops and it correlated with 
diffuse cutaneous scleroderma and slow pattern, 
with giant capillaries, but keeping the capillary 
loops, associated with limited cutaneous scleroder-
ma and better prognosis (20).

Alterations in microvascular nailfold of SSc were 
described and classified by Maurizio Cutolo, based 
on capillaroscopic vessels appearance and depend-
ing on the progression of the disease, in three pat-
terns: early, active and late. This classification re-
flects the evolution of the SSc microangiopathy and 
the recognition of three capillaroscopic models 
(Fig. 1) could help on staging and assessment of dis-
ease activity:

1. “Early pattern” is characterized by the ap-
pearance of several dilated capillaries/mega-
capillaries, some bleeding, without loss of 
capillary loops.

2. “Active pattern” shows frequent bleeding 
megacapillaries, moderate loss of capillaries, 
moderate disorganization of the capillary ar-
chitecture, rare/absent branching capillaries.

3. “Late pattern” defined by severe loss of capil-
laries, neovascularization by megacapillaries, 
no hemorrhages and massive avascular areas.

Capillaroscopy in modern era

The new 2013 ACR and EULAR criteria (21) for 
the classification of scleroderma, increased diagnos-
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tic sensitivity (91%) and specificity (92%), by in-
cluding capillaroscopic changes, besides the clinical 
picture and serological disease and thus, demonstrat-
ing once again the importance of this method in 
evaluating and early diagnosis of the disease. How-
ever, in clinical practice, the new criteria are mostly 
used in clinical trials and are not considered diagno-
sis criteria; patients with Raynaud’s phenomenon, 
autoantibodies or capillaroscopic changes, can be 
diagnosed with SSc, without meeting the new ACR/
EULAR criteria (22).

Despite some controversial results, an important 
number of studies have demonstrated that peripheral 
microvascular changes in capillaroscopy correlate 
with the severity of the skin damage but also with 
systemic involvement; thus since 1976, Maricq et al. 
revealed a correlation between the number of in-
volved organs and capillaroscopic abnormalities (23).

Microvascular changes such as those assessed by 
nailfold capillaroscopy are seen in all involved or-
gans (lung, heart, kidneys and gastrointestinal tract) 
(24).

The most severe complication and the leading 
cause of mortality in patients with SSc, pulmonary 

arterial hypertension (PAH), is a disease of the pul-
monary arterioles, characterized by proliferation and 
vascular remodeling, followed by progressively in-
creasing pulmonary vascular resistance (PVR), with 
right ventricular failure (passing successively 
through the stages of hypertrophy and dilatation) 
and finally, possibly exitus. An Asian study, from 
1998, demonstrated a correlation between the reduc-
tion in capillary density, presence of dilated capillar-
ies, branched and structural disorganization in SSc 
patients and PAH, demonstrating the importance of 
capillaroscopy in the management of the disease 
(26). 

Digital ulcers are a frequent complication of SSc, 
with an important impact on the quality of life. The 
importance of capillaroscopic findings in predicting 
digital ulcers, was demonstrated by Sebastiani et al. 
by calculating the capillaroscopic skin ulceration 
risk index (CSURI) DxM/N2 (D- diameter of the 
largest giant loop, M- number of giant loops, N- 
number of all loops) (27).

Capillaroscopic patterns were associated with 
different subsets of SSc. Severity of vascular, skin, 
heart or lungs involvement, increases progressively 

FIGURE 1. A. Normal pattern; B. Early pattern – several dilated capillaries, no loss of capillary loops; C. Active pattern – 
bleeding capillaries, moderate disorganization of the capillary architecture; D. Late pattern – loss of capillaries, neovas-
cularization by megacapillaries, no hemorrhages
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from being “early” to “active” and then to “late”, pa-
tients with the latter pattern, having an increased risk 
of severe active disease (28, 29) and cardiac and pul-
monary involvement (26). Also, renal involvement 
was correlated with a capillaroscopic pattern which 
is characterized by avascular areas and architectural 
disorganization (30-32).

CONCLUSIONS
Systemic sclerosis is an autoimmune disorder 

characterized by early impairment of microvascular 

system. The best method to evaluate the vascular mi-
croangiopathy is the nailfold videocapillaroscopy – 
an easy, safe, non-invasive and low cost technique 
for diagnosing pathologies of the peripheral micro-
circulation and it is a valuable tool in the rheuma-
tologists’ daily practice.
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