
Nailfold videocapillaroscopy
Short history

Capillaroscopy is an old but actual inexpensive im-
aging technique, used to examine, non-invasively and
safely, the morphology of nailfold dermal papillary cap-
illaries. In the nailfold distal capillary row the dermal
papillae run parallel to the surface of the nail, subse-
quently the capillaries of the distal row are visible in
their whole length and appear as red, hairpinshaped
loops. First Johan Christophorus Kolhaus, in 1663, had
the idea to observe small vessels around the nails using
a rudimentary microscope and about a hundred years
later Giovanni Rasori (1766-1873), described the inex-
tricable knot of capillary loops observed with a magni-
fying glass in inflamed conjunctives. After almost other
hundred years, Maurice Raynaud (1834-1881), with his
studies on local ischemic damage, validated and pro-
moted capillaroscopy as a fundamental imaging tech-
nique for the study of microcirculation.1

In 1973, Maricq et al.2 published the first article in
Arthritis and Rheumatism, describing the specific cap-
illaroscopic patterns in systemic sclerosis (SSc), as
well as the modification of the capillary blood flow
during cold exposure, both in primary and secondary
Raynaud’s phenomenon (RP).2

In 2013 the power of the non-invasive nailfold
videocapillaroscopy (NVC) technique, has been rec-
ognized for the early diagnosis of the scleroderma
spectrum diseases, its predictivity and prognostic
value, as well as its role as a tool for the therapeutic
follow up. After more than 30 years of intensive in-
vestigation, capillaroscopy is now officially consid-
ered by the European League Against Rheumatism
(EULAR) and American College of Rheumatology
(ACR) guidelines as both an essential and mandatory
diagnostic tool for the classification criteria of sys-
temic sclerosis. ACR/EULAR stated in the 2013
guidelines for classification criteria of SSc: Capil-
laroscopy is now widely used, and considering the
value of magnified nailfold visualization in the diag-
nosis and management of SSc, these new criteria may
encourage acquisition of this skill by physicians car-
ing for SSc patients.1

Technique

Using light microscopy capillaroscopy it is possi-
ble to evaluate the architecture of the skin capillaries.
For this the nailfolds of the fingers, where the capil-
laries run parallel to the skin surface and can be eval-
uated in their entire architecture, are particularly
suitable.3

Capillaroscopy may be performed with a lens with
low (e.g., 20) and with high magnification (e.g., 200).
The instruments with low magnification allow a global
and a panoramic evaluation of the entire nailfold area
(wide-field capillaroscopy). These instruments allow
a panoramic vision of the whole nailfold microvascu-
lar network. One example of an optical instrument
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with low magnification is the stereomicroscope (e.g.,
magnification 14x).

Of note, with this technique the seminal descrip-
tive papers concerning the scleroderma pattern were
described by Maricq et al. in the last century (see
below). Alternative choices are the dermatoscope and
ophthalmoscope. 

The video-capillaroscope not only allows low
magnification, but also has the advantage of having
sequential high magnifications (e.g., magnifications
100, 200 and 600x), which enable detailed observa-
tions of separate capillaries. 

Many different techniques are adopted to perform
NVC, with similar results and have also been exposed
in a recent paper of Mazzotti et al.,4 which compares
conventional capillaroscopy, using the gold standard
method (conventional stereomicroscope nailfold cap-
illaroscopy), with polarized and non-polarized light
contact dermoscopy and his conclusions are that both
polarized and non-polarized dermoscopy are reliable
methods for evaluation of naifold capillaroscopy in
patients with SSc. They are easy to perform, with gold
rates of accuracy and results that are comparable with
traditional capillaroscopy. Another advantage of the
video-capillaroscope is that it consists of an optical
probe, which is moved to the finger of the patient and
allows direct contact with the nailfold. This facilitates
examination of patients with SSc and severe finger
flexion contractures.5

Usually the exam is applied to the naifold area of
the fingers, 8/10 fingers and the focus cover about 1
mm of cutaneous area. In some cases capillaroscopy
could be used to study other areas of the body, includ-
ing the lips, tongue, mouth and conjunctival mucosa.6

In order to avoid bias in exam naifold microtrau-
mas, onicophagia, smoking, nail, varnish should be
avoided and the room temperature should be constant
and over 21-22°C to reduce some possible RP attacks.
On the other hand, feet nailfold capillaroscopy is not
useful to detect scleroderma pattern for less sensibility
to detect avascular areas, microhemorrhages and giant
capillaries (topics of scleroderma pattern active),7

sometimes it is possible to detect a little difference in
arterial peripheral disease (see personal data). A criti-
cality to capillaroscopy was an intra-observer variabil-
ity in the determination of capillary density under
many different techniques; several subsequent studies
showed the assessment of capillary density with dif-
ferent methods as computed videocapillaroscopy,
stereo zoom microscopy or dermatoscopy showed
good agreement in detecting scleroderma pattern.8

The examination includes the assessment of mor-
pho-structural and functional parameters: transparency
of the skin, venous plexus, capillary orientation, den-
sity, length, diameter, presence of neoangiogenesis,
capillary morphology, micro-hemorrhages, character-

istics of blood flow. Each of these parameters is eval-
uated according to a semi-quantitative score validated
in a scale between 0 and 3 (alterations respectively in
33%, 33%-66%, >66% in NVC observation).9

Indications to perform a capillaroscopy

The main indication is investigation of a patient
with RP. This way it is possible to distinguish a RF
primitive from RF secondary to SSc, where pathog-
nomonic changes on capillaroscopy are present. In ad-
dition, patients with RP as the only presenting
symptom, but who will develop SSc in the future can
be detected years before the appearance of the disease
by a screening using the combination of capil-
laroscopy and serology autoimmunity. 

Normal pattern

Under physiological conditions the normal pattern
is characterized by: i) the orderly arrangement of the
capillaries to comb; ii) density of 9-13 mm (maximum
3 per dermal papilla); iii) 6-9 micron diameter afferent
branch, efferent branch 8-21 micron (>50 micron:
megacapillaries); iv) length 200-500 µ.

It should not be present, if not exceptionally, bleed-
ing, increased angiogensis, megacapillaries, the pres-
ence of which already indicates a pathological pattern.

Based on this analysis we could depict three major
normal morphologic capillaroscopic patterns: i) the
normal pattern mainly with 2 to 5 U-shaped loops/mm
and ≤2 tortuous loops/mm (cluster 1); ii) the perfect
normal pattern with ≥5 U-shaped loops/mm (cluster
2); iii) the unusual normal with at least 1 meandering
or bushy loop, or at least 1 microhemorrhage, or with
N4 crossed loops/mm (clusters 3-4-5-6)10 (Figure 1).

Nagy et al. reported the frequency of abnormal
capillaroscopy findings in 447 patients with collagen
disorders and Raynaud’s disease to be 87.5% in those
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Figure 1. Capillaroscopic normal pattern.
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with scleroderma, 26.4% in those with dermatomyosi-
tis/polymyositis and 8.5% in those with systemic
lupus erythematosus.11

Abnormal patterns/scleroderma pattern 

The interpretation of capillaroscopic examination
involves the analysis of the parameters listed above
and in particular the evaluation of orientation and dis-
tribution of the comb, the presence of megacapillaries,
accumulations of hemosiderin, thrombosis, neoangio-
genesis, presence of avascular areas. According to the
different proportions of these parameters (giants cap-
illaries, capillary loss, microhemorrhages, and ramifi-
cations) it was possible to establish a specific pattern
for diseases related to the scleroderma spectrum syn-
drome for which the sensitivity and specificity is very
high. Patognomonic capillaroscopic findings of scle-
roderma spectrum are: the presence of at least one cap-
illary giant (>70 µ) or two megacapillaries (>50 µ),
the presence of avascular areas (500 µ) or decreased
capillary density, the presence of microhemorrhages,
changes in neoangiogenesis, flou appearance of the
capillary bed12 (Figure 2).

Diagnostic role of capillaroscopy

Capillaroscopy is of outstanding importance in the
differential diagnosis of Raynaud’s syndrome with a
high negative predictive value in normal findings and
high specificity of the SSc pattern for the presence of
development of SSc. It is more important to stratify the
risk of development RF-II o SSc secondary to RF.13

This algorithm approved also by the Rheumato-
logic Scientific Societies stresses the importance of
early detection of capillaroscopic anomalies to im-
prove the diagnosis of scleroderma syndromes, impor-
tance stressed also by VEDOSS classification for
detection of very early SSc according to the European

Scleroderma Trials and Research group (EUSTAR)/
EULAR guidelines.14

Role of capillaroscopy in classification criteria
of systemic sclerosis 

After 2000 capillaroscopic markers of the sclero-
derma pattern were introduced in published classifica-
tion criteria and in 2001 a role of capillaroscopy was
established in differentiating a RPI from an RP due to
SSc, the presence of a scleroderma pattern on capil-
laroscopy and SSc-specific antibodies were stated to be
sufficient to diagnose early (preclinical) SSc.

In 2001 capillaroscopic scleroderma pattern in as-
sociation with RF, puffy swollen fingers turning into
sclerodactily, positive anti-centromere autoantibodies
(ACAs) and positive anti-topoisomerase antibodies
are definite gold standard for the very early diagnosis
of SSc (VEDOSS criteria).

In 2012 capillaroscopy has become one of the top
items useful for classification of SSc.15

Prognostic value

Recently, prognostic indices based on capil-
laroscopy were created and applied exclusively in the
diagnosis and confirmation of RP with the possibility
of progression to scleroderma. 

The main and validated are: i) PRINCE (prognos-
tic index for nailfold capillaroscopic examination);16

ii) CSURI (capillaroscopic skin ulcer risk index).15

The combination of the following 4 parameters:
megacapillaries, microhemorrhages number of capil-
laries/mm2, presence of ACA or Scl70, to which is as-
signed a score, permits to classify 3 risk classes (low,
intermediate, high) indicative of the evolution in sys-
temic sclerosis over 5 years.

PRINCE index is predictor of the occurrence of
new digital ulcers or non-healing of open sores, in pa-
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tients with scleroderma with a specificity of 81.4%, a
sensitivity of 92.3% and a predictive value of 84.3%.
The parameters used are: the presence of megacapil-
laries, the number and diameter of capillaries, the
presence of arborescent capillaries and the neoangio-
genesis. There are two problems: i) the absence of
megacapillaries does not allow a proper risk stratifi-
cation; ii) an increased estimate of false positives. 

A subsequent application of the score CSURI al-
lowed a correlation of the framework capillaroscopic
as a prognostic factor upgradeability of complications
in scleroderma.17

In addition, in the past years, some authors ob-
served, in SSc patients, an association between re-
duction of the capillary density, and the severity of
pulmonary arterial hypertension (PAH) (but not with
the capillary loop dimension), suggesting that either
systemic microvascular changes play a part in the de-
velopment of PAH or PAH itself contributes to the
systemic microvascular changes. Recently, Riccieri
et al.18 observed in 12 consecutive SSc patients, all
complicated by PAH, a significant correlation be-
tween pulmonary pressure values detected by right
heart catheterization and the NVC modifications. In
contrast, a low prevalence of NVC changes is de-
scribed in idiopathic PAH compared with SSc pa-
tients, substantially consistent with those of healthy
subjects.19,20

Kayser et al.18 observed that the avascular score
significantly correlated with the survival of SSc pa-
tients and the scleroderma patients with higher degree
of capillary loss (avascular score above 1.5) had a 2-
fold increase in mortality rates in comparison to those
with a reduced amount of avascular score.21

Other two studies evaluated the association of cap-
illaroscopic parameters and mortality with SSc and
showed that an active pattern, according to the classi-
fication of Maricq and a loose of capillaries on capil-
laroscopy, was associated with shorter survival.22,23

Sebastiani et al. recently observed that presumably,
capillaroscopy alone is unable to fully explore the com-
plex pathophysiology of scleroderma microangiopathy,
and other clinical, demographic, or serological param-
eters could be essential in the characterization of prog-
nostic value of the microvascular damage. Therefore,
the evaluation of large scleroderma population and
more complex predictive model, including capil-
laroscopy and other clinical/serological variables, could
reveal new significant associations with SSc manifes-
tations and prognosis.24

Recent data show in scleroderma patients a
strength correlation between angiogenic and angiosta-
tic levels factors (as vascular endothelial growth fac-
tor, angiopoietin 2, endothelin-1, endostatin) and
microangiopathy assessed by capillaroscopy.

On the other hand an association between capil-

laroscopic pattern, and antibody was demonstrated in
SSc. In fact antiendothelium antibodies serum levels
were recently found to be higher in patients with the
late NVC pattern compared with the early and active,
and the prevalence of anti-Scl70 antibodies is signifi-
cantly higher in the active and late versus the early
patterns, whereas the prevalence of ACA was highest
in patients with the early NVC pattern.15

Monitoring under therapies 

Capillaroscopy may be useful to monitor non-inva-
sively the remodeling of the microcirculation in various
therapies and thus to assess their effectiveness. Some
data on the effect of neo-angiogenic therapies with
prostanoids have been widely documented, neverthe-
less conducted on limited case studies25-27 (Figure 3).
Similarly, studies have detected a modification of cap-
illaroscopic pattern under combination of endothelin in-
hibitors with prostanoids showing a neoangiogenetic
greater effect of the combination of the two drugs,
rather than the administration of a single drug.28

Changes in the capillaroscopic pattern with im-
provement of some regressive parameters (capillary
density, flou effect, blood flow) were seen in only few
isolated cases of patients with RF-I phenomenon in
the course of treatment with aminaftone and other rhe-
ology drugs.29

Nailfold capillaroscopy pattern:
scleroderma spectrum

The term scleroderma spectrum diseases includes
connective tissue diseases characterized by mi-
crovascular alterations and often clinically associated
with RP and sometimes specific antibodies. The most
important are dermatomyositis/polymyositis
(DM/PM), mixed connective tissue (MTCD), con-
nective tissue undifferentiated syndromes overlap
(UTCD). The main anomalies are those already
known capillaroscopy scleroderma, often with dif-
ferent manifestation.

Mixed connective tissue disease

MTCD is characterized by various clinical mani-
festations and by the presence of the antibody ENA
U1RNP; capillaroscopic findings are frankly patho-
logical due to a scleroderma pattern active or ad-
vanced up to 60% of cases. The most frequent
anomalies are the presence of capillary ectasias wind-
ing loops and bushy capillars expression of angiogen-
esis, in 50% of cases there is also a fair number of
megacapillaries and avascular areas. These signs seem
to have a predictive role in the development of PAH30

(Figure 4).
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Undifferentiated connective tissue disease/overlaps
syndromes

In UTCD capillaroscopy is definitely a useful
tool to discern a possible upgradeability to paintings
more consistent with autoimmune diseases. In 40%
of patients there are non-specific abnormalities es-
pecially morphological abnormalities with capillary
ectasia and tortuosity. In 20% of them are present al-
terations consisting in the desertification of the
comb, ectasia, megacapillaries, bleeding compatible
with a scleroderma spectrum and which could also
be suggestive of an evolution of the disease in scle-
roderma.31

Dermatomyositis/polymiositis

A defined pattern has been reported in patients af-
fected by DM/PM. This pattern, often associated with
aspects of the SSc pattern, includes the presence of
two or more of the following findings in at least two
nailfolds: enlargement of capillary loops, loss of cap-
illaries, disorganization of the normal distribution of
capillaries, budding (bushy) capillaries, twisted en-
larged capillaries and capillary hemorrhages (ex-
travasates); the alterations are often not present in all
fingers. These aspects can mutate often in few days to
respond to therapy. The persistence of nailfold alter-
ations is a sign of poor prognosis32,33 (Figure 5).

Capillaroscopy in autoimmune non
scleroderma spectrum diseases

Systemic lupus erythematosus

The framework capillaroscopic in systemic lupus
erythematosus (SLE) is generally normal, in 30% of
cases it is possible to observe abnormalities in non-spe-
cific load of capillary loops, venular visibility and
sludging of bloodwidth variability of capillary loop
length. A nailfold scleroderma pattern with enlarged
loops and avascular areas is more frequent  in SLE pa-
tients in association to  anti-U1 ribonucleoproteins
(RNP) and anti-cardiolipin (aCL) antibodies, while in
association to antiphospholipids syndrome are frequent
blackberries apical hemorrhages.30

Antiphospholipids syndrome 

One study reported symmetrical microhemorrhages
at nailfold analysis, which were found particularly sig-
nificant in patients showing the presence of both serum
immunoglobulin (Ig) G and IgM aCL but these changes
could not be correlated to the impairment of functional
parameters34-37 (Appendix Figure 1).

Sjögren’s syndrome 

Capillaroscopic abnormalities in Sjögren’s syn-
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drome (SS) ranged from non-specific findings (crossed
capillaries) to more specific findings (confluent hem-
orrhages and pericapillary hemorrhages) or SSc-type
findings. SS patients with RP presented capillary ab-
normalities in higher frequency than patients without
RP. The majority of SS patients with ACA (80%) pre-
sented SSc-type findings38 (Appendix Figure 2).

Rheumatoid arthritis

The capillaroscopy pattern in patients with
rheumatoid arthritis (RA) does not demonstrate spe-
cific alterations in the microcirculation, and many
times the findings are similar to the normal subject. It
was reported in some cases the presence of thin pale-
sade loops and elongated with the venous plexus sub-
papillar, which is particularly visible and congested.
This pattern is present in about 40% of cases and ap-
pears above all aspecific, furthermore according to a
few authors it is correlated to the steroid therapy
which is often present in about the totality of the pa-
tients39,40 (Appendix Figure 3).

Psoriatic arthritis

The capillaroscopy in psoriatic arthritis patients, is
often aspecific, but sometimes a reduction of capillary
density is present as result of abhorrent neoangiogne-
nesis. On the other hand there are more frequently mi-
crohemorrhages, increased flou effect, small loops and
more bushy loops as expression of aberrant neoangio-
genesis. These findings are present also in the cuta-
neous psoriatic plaques where often an increased
density of capillaries40 is present (Appendix Figure 4).

Capillaroscopy in internal medicine
Primary biliary cirrhosis

Primary biliary cirrhosis (PBC) is frequently asso-

ciated with other autoimmune diseases, including SSc
which represents the most frequent autoimmune rheu-
matic disease associated with PBC, with a prevalence
ranging from 5% to 12%41,42 (Appendix Figure 5).

In a large cohort of PBC patients, 12.5% satisfied
diagnostic criteria for early SSc and 6.3% had defi-
nite SSc.43

In a recent study more PBC patients with abnormal
capillaroscopy findings were significantly positive for
anticentromere antibody than those with normal cap-
illaroscopy findings. 

The association between PBC, ACA and antimito-
chondrial antibodies in overlap PBC/SSc led some au-
thors to suggest a diagnostic algorithm in PBC in the
presence of naifold capillaroscopy.44

Buerger’s disease

Thromboangiitis obliterans (or Buerger’s disease)
is a rare inflammatory vasculitis that commonly in-
volves small and medium-sized arteries of the extrem-
ities of tobacco smokers between the ages of 25 and
50. Although the diagnosis is based on the clinical pic-
ture and angiographic findings, the capillaroscopic
findings show the presence of microhemorrhages tor-
tuosity, edema, derangement of capillaries, arrest of
capillary blood flow, and isolated mega-capillaries
similar to alteration seen in scleroderma pattern dis-
ease spectrum, therefore nailfold capillaroscopy could
be a useful tool to evaluate disease progression and
the response to treatment.45

Vasculitis

There are few studies on capillaroscopy in vasculi-
tis, Ander et al., studied 12 patients with granulomato-
sis with polyangiitis (GPA) and found capillaroscopic
alterations in 92% of them with avascular areas being
the characteristic finding in these patients. Capillary
dilatations were not observed.46
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Figure 4. Capillaroscopic pattern in mixed connective
tissue.

Figure 5. Capillaroscopic pattern in dermatomyositis/
polymiositis.
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In other series, we observed a higher frequency of
twisting capillaries, increased bleeding, decreased
capillary density and presence of avascular areas.
None of these findings in periungueal capillaroscopy
could be related to specific organ system involvement
and this leads us to believe that patients with GPA
present alterations in skin microcirculation.47

A prospective study of the capillaroscopy changes
in 15 patients afflicted with various vasculitis periun-
gual capillaroscopy showed isolated changes in 73%
of them. There were more changes in active disease
but there no correlation was observed with general-
ized affliction (nervous system, kidneys and/
or skin).48

Behçet’s disease 

Enlarged capillaries were reported to be a common
finding in patients with Behçet’s disease in association
with microhemorrhages and avascular areas, but none
of them presents a statistical correlation with clinical
manifestations.49

Mixed cyroglobulinemia

Until now pattern capillaroscopic specific to vas-
culitides has never been characterized. There are some
reports, not reconfirmed, on morphological abnormal-
ities and further slowing down of the flow in patients
with cryoglobulinemia, despite the Raynaud’s phe-
nomenon is absent50 (Appendix Figure 6).

Miscellaneous

Radioexposure

In radioexposure NVC shows slight alterations of
the microvascular blood flow and terminal blood. As-
pecific findings in vessels network in the radiologists
were found in reference to their length of service.51

Hypertension

Capillaroscopy has also been applied to assessing
endothelial function by measuring skin capillary den-
sity and recruitment and also red blood cell velocity
changes with post-occlusive reactive hyperaemia and
this approach has been reported in testing numerous
anti-hypertensive treatment. On the other hand a sig-
nificant reduction in capillary density is well known
to be present in hypertensive patients.52,53

Recently in the coronary slow flow phenomenon
(CSFP) (delayed opacification of coronary arteries in
the absence of significant stenosis) many nailfold cap-
illary abnormalities including dilatation, tortuosity and
microhemorrhages were observed in about 60% of pa-
tients suggesting the presence of inflammation and
anatomical anomalies that can lead to CSFP.54

Diabetes

Systematic vasculopathy is the most common
complication of diabetes mellitus (DM) and much of
its morbidity is attributable to the macrovascular and
microvascular complications related to the degree of
hyperglycemia and hypertension. Reported changes in
nailfold capillary morphology in DM include microa-
neurysms, apical dilatations, branching and hemor-
rhagic extravasations. However these features, with
the exception of microaneurysms, can also be found
in healthy subjects. A high frequency of dilatation at
the apex of loops may be the key feature in diabetes,
but these changes do not appear to be linked to disease
duration or disease sub-type (Appendix Figure 7).

Morphological and functional changes in capillary
microscopy have been reported in diabetic patients
with type 1 DM.

In DM 1 at NVC was reported spiral loops with
decreased density and capillary dilatation in 59% of
patients with microangiopathy versus only 13% in di-
abetic patients without microangiopathy, suggesting
the possibility of using NVC in monitoring the sever-
ity of vascular changes. 

In addition, other authors have reported the corre-
lation between microvascular changes in capil-
laroscopy and the occurrence of retinopathy and
plasma level of selectin and IL18 in 25 patients with
type 1 DM.55

Critical limb ischemia

The vessels of the microcirculation are not rou-
tinely assessed in clinical practice in the management
of critical limb ischemia.

In patients with mild disease, the capillary bed of
the forefoot does not seem to be markedly abnormal,
however, with the advent of moderate or severe occlu-
sion profound abnormalities of the skin capillaries
have been reported. Fagrell and Lundberg reported a
classification system for foot capillaries which was
predictive for the development of necrosis and was
much more sensitive than systolic blood pressure at
the toes. However it has enabled the mapping of a foot
to indicate areas at risk56-58 (Appendix Figure 8).

Oral capillaroscopy

Another area where the capillaries become visible
is the oral mucous, this additional facility of capil-
laroscopy is useful if the digital site is not practicable
(e.g., ulcers, amputations, etc.). Several studies have
been made in this regard comparing the two methods,
which differ substantially for the different orientation
of the capillary comb (parallel rather than perpendi-
cular to the surface displayed). The use in rheumatol-
ogy has allowed us to confirm aspects of the pattern
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visible at nailfold areas (RA, Sjögren syndrome, SSc),
and has identified some specific frameworks that do
not correspond to nailfold findings as in Hashimoto’s
thyroiditis, oral lichen planus, burning mouth syn-
drome59 (Appendix Figure 9).

Current status of capillaroscopy
and Conclusions

As of today 398 articles concerning the use of cap-
illaroscopy in rheumatic diseases and internal medi-
cine have been published on pubmed. Almost 97% of
these articles agree in the statement that the capil-
laroscopy is one of the gold standard methods for non-
invasive examination of the microcirculation and it
plays an important role in screening, monitoring and
prognosis of systemic sclerosis. 

Several ongoing studies are stressing the diagnos-
tic role of capillaroscopy also in many other diseases
with the characterization of specific patterns.
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