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Abstract
Nailfold capillaroscopy (NFC) is a reproducible, simple, low-cost, and safe imaging technique used for
morphological analysis of nail bed capillaries. It is considered to be extremely useful for the investigation of
Raynaud’s phenomenon and for the early diagnosis of systemic sclerosis (SSc). The capillaroscopic pattern typically
associated with SSc, scleroderma (“SD”) pattern, is characterized by dilated capillaries, microhemorrhages, avascular
areas and/or capillary loss, and distortion of the capillary architecture. The aim of these recommendations is to
provide orientation regarding the relevance of NFC, and to establish a consensus on the indications, nomenclature,
the interpretation of NFC findings and the technical equipments that should be used. These recommendations
were formulated based on a systematic literature review of studies included in the database MEDLINE (PubMed)
without any time restriction.
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Introduction
The microcirculation plays a crucial role in physiological
processes. Comprising arterioles, capillaries, and venules,
it is involved in thermoregulation, hemodynamic balance
maintenance, the nutrient supply to cells, and removal of
catabolites derived from cell metabolism. The capillary
loops are vessels with a small diameter and are usually
composed of one single layer of endothelial cells.
Nailfold capillaroscopy (NFC) is a reproducible,
simple, low-cost, and noninvasive imaging technique
that is used for morphological and functional analyses
of the peripheral microcirculation. Because the microcirculation might be the primary site of abnormalities,
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NFC is used for the diagnosis and evaluation of systemic
sclerosis (SSc) spectrum disorders and for the differentiation between primary and secondary Raynaud’s
phenomenon (RP) [1]. Capillaroscopy evaluation of individuals with RP might contribute to the identification of
an underlying disease, as well as to the assessment of disease progression [2–5]. Table 1 describes the main indications of NFC in rheumatology.
Although the role of NFC in the investigation of patients
with RP and in the diagnosis of SSc is well established,
different magnification equipment and a variety of definitions are used to describe the capillary morphology. In
addition, there is no consensus on the parameters that
should be analyzed or on the nomenclature to be used.
These facts underscore the need to standardize the
nomenclature, the indications and interpretation of NFC
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Table 1 Main indications of capillaroscopy in rheumatology

Results

Evaluation of individuals with Raynaud’s phenomenon (RP)

What are the main indications of CAPILLAROSCOPY for
rheumatic diseases?
Raynaud’s phenomenon (RP)

Dermatomyositis (DM)
Mixed connective tissue disease (MCTD)
Systemic sclerosis (SSc)

findings and the technical equipment used to perform
NFC [6].
The present recommendations were formulated to
provide an orientation on the relevance, indications, technical equipment, nomenclature and the parameters that
should be evaluated by NFC in rheumatology practice.

Methods
The present guidelines followed the criteria developed for
systematic reviews. Evidence was collected according to
an evidence-based medicine approach, which integrates
clinical experience with the ability to critically analyze and
rationally apply scientific information, thus improving the
quality of medical care. The relevant clinical questions
were formulated as per the PICO strategy (acrostic stands
for “Patient,” “Intervention,” “Control,” and “Outcome”)
by the authors, who are all professionally involved in
performing nailfold capillaroscopy. The evidence to
answer the clinical questions was collected according to
the following steps: formulation of clinical questions,
structuration of questions, search for evidence, critical
evaluation and selection of evidence, presentation of
results, and recommendations.
The formulation of structured questions allowed us to
identify descriptors that served as a basis in the search
for evidence in the MEDLINE–PubMed database. The
abstracts of all the retrieved studies were analyzed. Following the application of eligibility (inclusion/exclusion)
criteria, articles were selected to answer the questions,
which led to the evidence forming the basis of the
present guidelines. A manual search of the references
cited in (narrative and systematic) reviews and selected
studies was also performed. In addition, the references
were manually updated until December 2017. The studies were categorized by grades of recommendation and
strength of evidence according to the Oxford and
GRADE classification systems, as shown in Table 2. The
detail of the methods and results are described in the
Additional file 1.

RP is characterized by episodes of transient ischemia of
the extremities, usually in response to cold or stress [7, 8].
It presents as a characteristic “triphasic” color pattern
change, (pallor, cyanosis, and rubor) of the hands and feet.
Population-based studies, which included several ethnic
groups, estimated its prevalence as 3 to 20% as a function
of the geographical location and local climate [7–11]. RP
is classified as primary, or idiopathic, and secondary.
Primary RP manifests usually in young individuals (14
years of age, on average) and presents as symmetric and
milder episodes, without necrosis, ulceration, or gangrene, in addition to the absence of any definite cause
[1, 12]. In turn, secondary RP manifests in adults (generally ≥30 years old); episodes are more intense, painful,
and associated with ischemic skin lesions that exhibit
signs of microvascular abnormalities. Secondary RP is a
common manifestation of autoimmune diseases, such as
SSc, mixed connective tissue disease (MCTD), systemic
lupus erythematosus (SLE), Sjögren’s syndrome, dermatomyositis, and polymyositis [10, 11].
Investigations of RP by means of NFC are widely reported in the literature (B) [10] (D) [12]. NFC is an important method for the early detection of secondary RP
and might further contribute to the characterization of
clinical aspects and progression of the underlying disease
(B) [13]. Several studies have found that the presence of
abnormalities in the nailfold microcirculation on NFC is
an independent risk factor for the development of autoimmune rheumatic disease (B) [14, 15].
A prospective study found that 20% of patients initially
diagnosed with primary RP exhibited a transition to suspected or definite secondary RP during a 10-year
follow-up (B) [16]. The frequency of such transitions
might vary depending on the analyzed population (C)
[17–19]. Another study conducted with 639 patients
with primary RP found that 12.6% of the sample progressed into secondary RP after a mean time of 10.4
years. The main predictor of transition was an abnormal
nailfold capillary pattern on NFC, with a positive predictive value of 47% (A) [17]. Based on the pattern
assessed on nailfold videocapillaroscopy, 14.9% of patients (n = 19) in another prospective study were classified as secondary RP over a follow-up period of 29 ± 10

Table 2 Grade of recommendation and strength of evidence
A:

Experimental or observational studies with better consistency

B:

Experimental or observational studies with less consistency

C:

Case reports/uncontrolled studies

D:

Opinions without critical evaluation, based on consensus, physiological studies, or animal models
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months. Interestingly, 4.6% of these patients exhibited a
normal microcirculation pattern on NFC at the onset of
the study (B) [18].
Finally, a study of adults with a history of isolated RP
demonstrated, by means of a prognostic model, a correlation between abnormalities on NFC (microhemorrhages,
giant loops, and number of capillaries) and progression
into SSc spectrum disorders (B) [19].
Systemic sclerosis (SSc)

SSc is an autoimmune disease of unknown origin characterized by progressive vascular involvement, with subsequent chronic damage of several organs and systems, such
as the gastrointestinal tract, lungs, heart, kidneys, and skin
[20–22]. Due to its high morbidity and mortality, countless efforts have been devoted in recent years aiming at
early diagnosis and early treatment of the disease, before
organ damage becomes irreversible [23].
Typical microangiopathy in SSc includes dilated loops,
giant loops, a reduced number of loops and avascular
areas, microhemorrhages, neoangiogenesis and disorgani
zation of the nailfold capillary architecture, which together are known as the “SD” (scleroderma) pattern (B)
[24], (C) [25]. The “SD” pattern is found in 80 to 90% of
SSc cases and also occurs in other autoimmune rheumatic diseases [26, 27].
These abnormalities might occur in the early stages of
SSc, when the clinical manifestations are restricted to isolated RP. Progressive capillary loss is characteristic of the
microvascular dysfunction in SSc and is associated with a
higher disease severity (B) [28–30]. A study conducted
with SSc patients found that the severity of organ involvement, such as the lungs, skin, and heart, was directly correlated to the pattern of microcirculation damage (B) [28].
Thus, NFC seems to be useful for clinical staging and to
obtain prognostic information.
Dermatomyositis

Capillaroscopic findings in dermatomyositis characteristically include a reduction of capillary loops, dilated capillary
loops, remarkably branched loops, and disorganization of
the capillary architecture (C) [31, 32]. The typical “SD”
pattern found in SSc exhibits variable rates (B) [33], (C)
[32]. Capillaroscopic abnormalities are associated with the
activity and severity of disease and interstitial lung involvement (B) [33]. Loop reduction is associated with the
global activity of disease and hemorrhage with skin activity
(B) [33].
Systemic lupus erythematosus (SLE)

The main abnormalities found on NFC among SLE patients are increased capillary tortuosity, elongated loops,
focal areas of capillary loss, and increased visibility of
the subpapillary venous plexus. Capillary rarefaction and
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dilated loops are correlated with lung involvement (C)
[34]. NFC abnormalities are more frequent among patients with SLE and RP (B) [35].
Mixed connective tissue disease (MCTD)

Several microcirculation abnormalities have been described among patients with MCTD, such as microhemorrhages and capillary disorganization. The pattern on NFC
is similar to that of SSc; however, capillary rarefaction and
giant capillaries are less frequent in MCTD (C) [36, 37].
Recommendation 1

Nailfold capillaroscopy is a method for the assessment
of the microcirculation and represents a reliable tool for
differential diagnosis between primary and secondary
Raynaud’s phenomenon.
The inclusion of NFC in examinations of patients with
Raynaud’s phenomenon is recommended to support or
rule out its association with systemic sclerosis spectrum
disorders, dermatomyositis, and mixed connective tissue
disease.
What equipment might be used to perform
CAPILLAROSCOPY?

By means of an optical magnification device and incident light, NFC enables direct evaluation of peripheral
microcirculation structures. NFC might be performed
with different devices, such as a stereomicroscope,
videocapillaroscope, dermatoscope, and ophthalmoscope, which exhibit different sensitivities and specificities. Stereomicroscopy magnifies images up to 50 times
and provides detailed information regarding the microcirculation; assessment of the entire nailbed enables
widefield NFC. Videocapillaroscopy allows the storage
of images and uses magnification up to 600 times, thus
enabling exact measurements of individual capillaries
using specific softwares [38].
A study analyzed videocapillaroscopy with 200x magnification and stereomicroscopy (10 to 25x magnification) among patients with RP. Both techniques were
similar in diagnostic performance and reproducibility
regarding the evaluation of several capillaroscopic
parameters (number of capillaries/mm, capillary dimension, and microhemorrhages) (B) [39]. In this study, the
diagnostic accuracy to discriminate patients with SSc
from healthy individuals was similar for both techniques
(B) [39]. Similarly to the data described above, the two
methods exhibited a good correlation for capillary density among patients with SSc (B) [40].
Dermatoscopy is widely used in dermatology to investigate skin lesions, but the images have less magnification
and poorer resolution. A prospective study designed to
analyze the diagnostic performance of dermatoscopy with
30x magnification among patients with RP found good
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concordance compared with conventional capillaroscopy,
with a sensitivity and specificity of 76.9 and 90.9% for the
“SD” pattern, respectively (B) [41]. Similar findings were
reported by other authors, who described good diagnostic accuracy of dermatoscopy for connective tissue
diseases (B) [42].
Some authors have suggested the use of portable
devices, such as the ophthalmoscope (C) [43]. In an
observational study that analyzed nailfold abnormalities among SSc patients with an ophthalmoscope or
dermatoscope (with polarized light and without im
mersion), Baron et al. found good reproducibility in
the identification of dilated capillaries and giant capillaries. However, there was no concordance in the
identification of avascular areas (B) [43].
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Capillary architecture and organization

Normally, the distal row of capillaries are orderly distributed in horizontal lines or palisade array on the
periungueal region. This distribution is homogeneous
and regular, and perpendicular to the nail edge (B) [44].
It is important to bear in mind that there are variations
in NFC findings even among healthy individuals (B)
[44, 45, 47].
Capillary morphology

Individual loops look like hairpins (C) [48]. Normal capillaries have an inverted “U” shape with a thinner arterial
(afferent) side. Discrete abnormalities might be found in
healthy individuals, such as tortuous or “meandering”
loops (capillaries with limbs crossed upon themselves),
branching, and few dilatation (D) [49, 50].

Recommendation 2

Nailfold capillaroscopy is a complementary diagnostic
method for evaluation of the microvascular structure. It
might be performed with a stereomicroscope, videocapillaroscope, dermatoscope, or ophthalmoscope. The
stereomicroscope and videocapillaroscope exhibit
excellent reliability for the evaluation of capillaroscopic
abnormalities, which suggests that any of them might
be indistinctly used for assessment of peripheral microangiopathy among individuals with systemic sclerosis
and Raynaud’s phenomenon. The latter two (dermatoscope and ophthalmoscope) provide less magnified
images of poorer quality. However, they might be used
in services in which stereomicroscopy and videocapillaroscopy are not available. All these techniques are
examiner-dependent, and they do not point, alone, to
the diagnosis of disease.
What morphological parameters should be evaluated in
NAILFOLD CAPILLAROSCOPY?

Only the morphological aspects of the distal row capillaries are evaluated using NFC. The capillaroscopic pattern is not established based on the evaluation of one
single parameter but on a combination of numerical and
morphological characteristics [44]. Table 3 describes the
main morphological characteristics, which should be
evaluated on NFC [44–46].
Table 3 Morphological parameters assessed on capillaroscopy
- Capillary architecture and organization
- Capillary morphology

Capillary density

Is defined as the number of capillary loops per millimeter in each finger. It is one of the most significant parameters for the early identification of individuals at
high risk for the development of autoimmune rheumatic
diseases, especially the ones with RP (B) [44]. The average number of capillaries per millimeter is variable
among studies, ranging from 7 to 12 capillaries/mm (B)
[44, 45], (C) [51].
Capillary size

Several values and measurements are described in the
literature relative to the capillary size. The most significant measurements that can be measured using videocapillaroscopy are the capillary width, diameter of the
afferent (arterial) side, diameter of the efferent (venous)
side, and diameter of the apical loop (B) [44, 53], (C)
[52].
Enlarged and giant capillaries

According to Maricq et al., capillaries are considered to be
dilated when all three loop sides—afferent, apical, and efferent—are 4 to 9 times larger than the normal diameters.
Giant capillaries are extremely enlarged loops, with diameters 10 or more times larger than the normal adjacent
loops (B) [54]. According to more recent classifications or
software measurement of capillary size, giant capillaries
are those with arterial, venous, or apical diameters over
50 μm (B) [55], (C) [27], (D) [56]. Capillaries with a diameter greater than 20 μm are defined as enlarged (B) [55].

- Capillary density (number of capillary loops per millimeter)

Microhemorrhages

- Capillary size (including enlarged and giant capillaries)

These are easily visible dark areas on the nailfold capillary bed, and they occur due to rupture of the capillary
wall. Microhemorrhages might be focal or diffuse. Isolated microhemorrhages might occur in healthy individuals due to microtrauma [45]. In SSc and scleroderma

- Microhemorrhages
- Avascular areas
- Neoangiogenesis
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spectrum disorders, microhemorrhages usually exhibit a
diffuse distribution and are close to dilated capillaries,
which tend to become broken more easily.
Avascular areas
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presence of microhemorrhages, devascularization, and
neoangiogenesis.
What are the normal parameters on NAILFOLD
CAPILLAROSCOPY?

Avascular areas may be variably defined and can be focal
or diffuse. As a rule, they are defined based on the number of capillaries per millimeter; diffuse devascularization
is present when the number of capillaries per millimeter
is ≤7. Alternatively, diffuse devascularization is defined
as a distance larger than 500 μm between two adjacent
loops (D) [56]. Avascular areas are also defined as the
absence of two or more successive capillaries. They are
attended by tissue hypoxia and occur in SSc spectrum
disorders, in which case they are highly relevant because
they are associated with the severity of the disease (B)
[57], (C) [58]. Some authors quantify the extension of
devascularization by means of a semiquantitative scale
ranging from 0 to 3: 0–absence of avascular areas; 1–
discrete devascularization (one or two avascular areas);
2–moderate devascularization (more than two avascular
areas); 3–extensive and confluent devascularization areas
(D) [56], (B) [39, 45].

Among healthy individuals, loops are homogeneous in
shape, exhibiting a homogeneous and regular array perpendicular to the nailbed (Fig. 1a). Discrete variations,
such as tortuous and “meandering” loops and a visible
subpapillary venous plexus, might occur, particularly
among light-skinned individuals (B) [45]. Normal findings are described in Table 4.

Neoangiogenesis

The term “SD” (scleroderma) pattern, first described in
1980, alludes to a set of typical abnormalities on NFC
found among patients with SSc (B) [26]. It is characterized
by the presence of dilated and giant capillaries, a reduced
capillary density, architectural distortion, morphological
abnormalities in loops, microhemorrhages, and neoangiogenesis (Fig. 1b) [59, 60]. Structures might be blurred by
edema, and anomalous connective tissue proliferation
might occur [61]. In the early 2000’s, capillaroscopic
abnormalities were sequentially classified into three patterns based on the microcirculation involvement: “early”
pattern, characterized by few dilated capillaries, small

Branched capillaries with a highly heterogeneous shape,
usually due to capillary neoformation (angiogenesis), may
occur among individuals with secondary RP (D) [54].
Recommendation 3

Nailfold capillaroscopy is a noninvasive, relatively easy to
perform, complementary method for assessment of the
microcirculation, and it demands training from examiners.
As a rule, the main parameters to be assessed are as follows: capillary architecture and morphology, capillary
density (number of capillaries per millimeter) and size,

Recommendation 4

Findings on normal nailfold capillaroscopy include a palisade array of capillaries, with a regular and homogeneous distribution, and the absence of devascularization
areas. It is important to bear in mind the wide variability
in morphology and size of the loops among healthy individuals, and even between the fingers of one and the
same individual.
Which morphological abnormalities are present in the
“SD” pattern?

Fig. 1 Nailfold capillaroscopy showing a normal pattern (a) and a scleroderma pattern, characterized by the presence of enlarged and giant
capillaries, reduced capillary density, and microhemorrhages (b)
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Table 4 Normal morphological parameters on capillaroscopy
Capillaroscopic parameters

Normal pattern

Skin transparency and visibility

Capillaries are clearly visible

Pericapillary edema

Absent

Subpapillary venous plexus

Visible in > 30% of healthy individuals

Capillary architecture

Capillaries perpendicular to the nail edge

Capillary morphology

Inverted “U” shape

Capillary loop diameter

< 20 μm

Tortuosity

Normally absent

Dilated and giant loops

Absent

Neoangiogenesis

Absent

Microhemorrhages

Normally absent

Capillary density

7 to 12 capillaries/mm

Avascular areas

Absent

Capillary blood flow

Dynamic, without stasis

Adapted from Chojnowski et al., 201659 (D)

number of microhemorrhages, no evident capillary loss
and relatively preserved distribution; “active” pattern, in
which giant capillaries and microhemorrhages are frequent, and there is a discrete distortion of the capillary
architecture; “late” pattern, with few or no giant capillaries, and the presence of neoangiogenesis and large avascular areas [24].
In addition to the aforementioned morphological abnormalities on NFC, the “SD” pattern includes histopathological and functional changes, such as endothelial edema,
inflammatory infiltrates, and slower blood flow [49, 62].
Recommendation 5

The “SD” pattern on nailfold capillaroscopy exhibits dilated capillaries, a reduced density of the capillary loops,
distortion of the capillary architecture, and microhemorr
hages.
Should CAPILLAROSCOPY be indicated to all individuals
with RAYNAUD’S phenomenon?

Under normal conditions, and also among individuals
with primary RP, NFC exhibits regular capillary loops,
some dilated capillaries eventually, and an absence of giant
capillaries or avascular areas (C) [63]. Microcirculation
abnormalities, such as increased capillary diameter, architectural disorganization, angiogenesis, and avascular areas,
point to a possible connective tissue disease or secondary
RP (B) [5, 64].
In a study that analyzed microvascular abnormalities
among individuals with undifferentiated connective tissue
disease (UCTD), RP was found in 52.5% of the sample (B)
[65]. The most frequent microvascular abnormalities were
giant capillaries, and dilated and irregular capillaries. The
patients with UCTD but without RP exhibited unspecific
microcirculation changes (B) [65].

A retrospective study was conducted with 67 patients to
analyze the sensitivity, specificity, positive (PPV), and
negative (NPV) predictive value of capillaroscopy for the
diagnosis of connective tissue diseases (B) [2]. The sensitivity and specificity for the diagnosis of SSc was 89.4 and
80%, respectively, when the “SD” pattern was found on
NFC. PPV and NPV for SSc was 68 and 94%, respectively
(B) [2]. The sensitivity and specificity of SLE-related capillaroscopic patterns was 33 and 95.4%, respectively, with
PPV of 71.4% and NPV of 80.7%. The sensitivity and
specificity for diagnosis of dermatomyositis/polymyositis
was 60 and 96.3%, respectively, with PPV 60% and NPV
96.3%. The sensitivity and specificity for diagnosis of
MCTD was 20 and 100%, respectively, with PPV of 100%
and NPV 93.1% (B) [2].
A prospective study performed to analyze the prognostic value of the “SD” pattern on NFC among individuals with primary RP (n = 3029) found that 37% of
the sample developed some connective tissue disease
(SSc, SLE, rheumatoid arthritis, Sjögren’s syndrome,
MCTD, dermatomyositis, polymyositis). The sensitivity, specificity, PPV, and NPV of the “SD” pattern in
regard to SSc was 94, 92, 52, and 99%, respectively
(B) [66].
Corroborating these findings, another prospective study
investigated the contribution of NFC to the assessment of
the progression of individuals with RP. The sample included 288 patients with primary RP, 11.8% of whom
exhibited a transition from isolated RP to SSc, and 42 patients to other connective tissue diseases (B) [67].
Additionally, other authors reported that microcirculation abnormalities, such as avascular areas, giant
capillaries, and distortion of the capillary architecture,
were capillaroscopic predictors of connective tissue
diseases among individuals with RP (B) [13].
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It should be observed that normal NFC findings are
diagnostic criteria for primary RP, as formulated by LeRoy
et al. in 1992 (B) [68], and they are also included in the
new diagnostic criteria suggested by Maverakis et al. in
2014 (B) [69].
Recommendation 6

Nailfold capillaroscopy is highly relevant for the differential diagnosis of connective tissue diseases among individuals with Raynaud’s phenomenon. Among them, NFC
exhibits considerable predictive value regarding the development of autoimmune rheumatic disease and, thus, it
should be performed in all individuals with Raynaud’s
phenomenon.
What is the relevance of CAPILLAROSCOPY for the early
diagnosis of systemic sclerosis?

Several studies have confirmed the relevance of NFC for
the early diagnosis of SSc. This method was recently
included in the classification criteria for SSc proposed by
the American College of Rheumatology (ACR) and European League Against Rheumatism (EULAR), despite the
lack of consensus on the technique to be used and the
variables that should be analyzed (D) [70, 71]. Preliminary
criteria for very early diagnosis of systemic sclerosis (VE
DOSS) were also published. According to the latter, the
main clinical characteristics of very early SSc are RP, positive autoantibodies (anticentromere and antitopoisomerase), and “SD” pattern on NFC (D) [72]. These parameters
allow the identification of SSc patients in a very early stage
of disease, allowing early treatment and represent a true
“window of opportunity.”
A study that analyzed morphological and functional
microcirculation abnormalities among patients diagnosed with SSc found that in the early stages of disease,
both widefield NFC and videocapillaroscopy allowed the
detection of milder abnormalities, such as a higher capillary density, smaller number of giant capillaries, and
smaller avascular areas, by comparison to patients with
established disease (B) [73].
Prospective studies that assessed NFC performance in
SSc demonstrated the pathophysiological sequence of
microvascular damage (B) [28, 74].
Recommendation 7

Although there is no medication able to hinder the natural
progression of disease, recent advances were made in the
treatment of systemic sclerosis based on new drugs with
effects on vascular remodeling, such as endothelin receptor antagonists, phosphodiesterase inhibitors, and prostanoids. Therefore, optimization of diagnosis in early stages
of disease, including identification of milder structural
abnormalities, might provide an opportunity to prevent
the progression of systemic sclerosis. Within this context,
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nailfold capillaroscopy is useful for the early diagnosis of
disease.
Is the “SD” pattern specific for systemic sclerosis? Do
other diseases exhibit this pattern?

Present in approximately 80 to 90% of SSc cases, the “SD”
pattern can, however, also be found among patients with
other autoimmune rheumatic diseases, such as dermatomyositis and MCTD (C) [26], (D) [75]. A study analyzed
the predictive value of the “SD” pattern for the diagnosis
of SSc in a cohort of unselected patients. The results
showed a sensitivity, specificity, PPV, and NPV of 71, 95,
84, and 90%, respectively (B) [76].
A prospective observational study with more than 3000
patients and 5.3-year follow-up found that the “SD” pattern
on NFC was significantly associated with SSc. The “SD”
pattern was detected in 94% of the patients who developed
SSc six months before onset of disease manifestations (B)
[66]. A total of 71% of the patients who developed dermatomyositis and 37% of the those who progressed to MCTD
exhibited the “SD” pattern (B) [66].
In a series of patients with connective tissue disease and
RP, 87.5% (n = 14) of the 16 participants with diffuse cutaneous SSc, and 61.6% (n = 53) of the 86 patients with limited cutaneous SSc, exhibited the “SD” pattern. Additio
nally, 13.8% of the patients with UCTD, 8.5% of those with
SLE, and 26.9% of the ones with dermatomyositis and
polymyositis exhibited the capillaroscopic pattern associated with SSc. In turn, none of the patients with rheumatoid arthritis (RA) or Sjögren’s syndrome exhibited this
pattern (B) [4]. When the “SD” pattern is found in these
other diseases, it should always raise suspicion of SSc
overlap syndrome.
Recommendation 8

Identification of the “SD” pattern on nailfold capillaroscopy is suggestive of systemic sclerosis. This pattern is
also found in other connective tissue diseases, such as
dermatomyositis and mixed connective tissue disease, and
less frequently in systemic lupus erythematosus and undifferentiated connective tissue disease.
What CAPILLAROSCOPIC abnormalities are found in other
autoimmune rheumatic diseases (systemic lupus
erythematosus, rheumatoid arthritis, antiphospholipid
syndrome, systemic vasculitis)?
Systemic lupus erythematosus

SLE is a multisystem, chronic inflammatory autoimmune
disease that might be accompanied by microvascular damage. The findings on NFC have poor specificity for early
diagnosis and prognostic assessment, as no specific
pattern has been identified for this disease (B) [77, 78].
The main abnormal findings are increased capillary tortuosity, which occurs in more than 40% of patients, and an
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increased capillary length. Smaller proportions of patients
might exhibit focal areas of capillary loss and increased
visibility of the subpapillary venous plexus (B) [27, 78],
(C) [79].
A retrospective analysis of 123 individuals diagnosed with
SLE subjected to NFC found that the “major” capillary
abnormalities (elongated loops, dilatation of the efferent
side, increased tortuosity, and branching) occurred in 35.8%
of the sample (B) [77]. A total of 28.5% of the patients exhibited a normal pattern on NFC, and 33.3% showed
“minor” abnormalities (B) [77].
In another study with SLE patients, NFC findings such
as increased capillary tortuosity, avascular areas and
microhemorrhages, were more common among the cases
with RP compared to those without it (B) [35].

Sjögren’s syndrome

Rheumatoid arthritis

Several studies have consistently shown that devascularization and distortion of the capillary architecture—which
characterize late microvascular injury among patients with
SSc—are strong predictors of complications involving target organs, such as the skin, lungs, heart, gastrointestinal
tract, and kidneys (B) [28, 89–91], (C) [92], (D) [93].
Some studies have reported results after treatment of SSc
patients, including parameters such as blood flow, capillary
permeability, and loop morphology. Thus, NFC might play
a role in the monitoring of treatment (B) [94, 95]. However,
this indication is still controversial, and studies with larger
samples and longer durations of follow-up are needed.

The data on capillaroscopic findings among RA patients
are scarce in the literature. In 1970, Redisch et al. reported
that the most frequent findings in a series of RA patients
were an increased capillary tortuosity, an increased capillary length, and a prominent subpapillary venous plexus
(C) [80]. Another study of 32 RA patients reported capillary tortuosity and prominent subpapillary venous plexus,
especially among the cases with positive antinuclear antibodies (C) [81]. In one study of 62 RA patients, the most
frequent finding was a prominent subpapillary venous
plexus, which was present in 69% of cases, and an increased capillary length (58%) (C) [82].

NFC was normal in more than half of patients diagnosed
with Sjögren’s syndrome without RP (C) [87].
Non-specific abnormalities, such as tortuous and irregular capillaries and increased visibility of the subpapillary
venous plexus, were described in 29.5% of 61 individuals
with primary Sjögren’s syndrome (B) [88].
Recommendation 9

Overall, the capillaroscopic abnormalities found in other
autoimmune rheumatic diseases, such as systemic lupus
erythematosus, rheumatoid arthritis, antiphospholipid
syndrome and systemic vasculitis, are non-specific.
Should NAILFOLD CAPILLAROSCOPY be repeated during
the follow-up of patients with systemic sclerosis?

Recommendation 10
Antiphospholipid syndrome

Patients with antiphospholipid syndrome (APS) exhibit
symmetric microhemorrhages (B) [83]. Morphological abnormalities are found in primary and secondary APS; the
variation in the loop length is considerably more frequent
in primary APS, while microhemorrhages are more evident in cases of APS secondary to SLE (B) [84].
Systemic vasculitis

A study which analyzed capillaroscopic abnormalities
among patients with vasculitis (polyarteritis nodosa,
Churg-Strauss syndrome, hypersensitivity vasculitis, and
temporal arteritis) found discrete and isolated changes
in 73% of the sample. Microhemorrhage was the most
frequent finding among cases with active disease (C)
[85]. Overall, the capillaroscopic findings were few and
non-specific.
Behçet’s disease

Some authors analyzed NFC findings of 128 patients
with Behçet’s disease. Discrete abnormalities were found
in 40% of the sample, an increased capillary diameter in
26%, microhemorrhages in 16%, and capillary loss in 2%
(B) [86].

Nailfold capillaroscopy plays a relevant role in the diagnosis of systemic sclerosis, as microvascular damage is
an early marker of disease. It is also useful to assess the
severity of disease. However, there is still no consensus
on its role in the follow-up of SSc patients.
Are CAPILLAROSCOPY abnormalities associated with the
risk of development of digital ulcers in patients with
systemic sclerosis?

Digital ulcers (DU) are a common complication, affecting 30 to 50% of SSc patients [96, 97]. Although the understanding of the pathophysiology of DU has improved
in recent years, the identification of patients at high risk
of developing DU still poses a challenge. Some studies
have described endothelial dysfunction biomarkers, and
NFC findings as potential predictors of new DU (B) [98].
Avascular areas found on NFC might be related to an
imbalance of angiogenic factors, and a higher risk of DU
[99, 100].
A study that analyzed patients with SSc and RP found
that individuals with DU predominantly exhibited the
late pattern on NFC (neoangiogenesis, large avascular
areas, and few dilated or giant capillaries) compared with
those without DU. Among this latter group of patients,
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the capillaroscopic abnormalities corresponded to the
active pattern (giant capillaries, microhemorrhages, and
discrete avascular areas) (B) [89]. Corroborating these
findings, a prospective observational study with 77 SSc
patients found, on videocapillaroscopy with 200x magnification, that the development of DU during the 3-year
follow-up was associated with the late pattern on NFC,
particularly capillary disorganization, microhemorrhages,
and avascular areas (B) [90]. Logistic regression analysis
showed that this capillaroscopic pattern was the best independent predictor of both the first episode and recurrence of DU in the analyzed population (B) [90].
Reinforcing these findings, a study with 103 SSc patients
subjected to videocapillaroscopy also reported a strong
association between the late pattern abnormalities and
DU (B) [28]. On the other side, an observational study
with 36 SSc patients designed to investigate capillaroscopic patterns and their association with DU found
the active “SD” pattern in all the patients with DU, but
only in 47% of those without DU (C) [101].
Some authors have suggested quantitative risk scores for
prognostic purposes of DU development (A) [102], (B)
[103]. One score, the Capillaroscopic Skin Ulcer Risk
Index (CSURI) is calculated by means of the equation
DxM/N2, in which D is the maximum diameter of giant
capillaries, M the number of giant capillaries, and N the
number of capillaries in the distal row (B) [103–105]. In a
multicenter study, CSURI exhibited 92.9 and 81.4% sensitivity and specificity, respectively, for the development of
DU within three months of videocapillaroscopy, with an
area under the receiver operating characteristic (ROC)
curve of 0.884 (B) [104]. A limitation of this score is the
mandatory presence of giant capillaries, which excludes
the abnormalities corresponding to the late pattern.
Recommendation 11

In patients with systemic sclerosis microvascular abnormalities are frequently observed on capillaroscopy. Structural
abnormalities, such as devascularization areas and distortion of the capillary bed architecture, characteristic of the
late microvascular damage, are strong predictors of the occurrence of digital ulcers in this population of patients.
Is there a correlation between CAPILLAROSCOPIC findings
and severity and prognosis among patients with systemic
sclerosis?

Several studies have shown a positive correlation between
the degree and extension of microvascular damage on
NFC and the involvement of internal organs in SSc (B)
[106–109].
The preliminary attempts to establish a correlation between NFC findings and clinical abnormalities among
patients with SSc were initiated in the 1970s with the
study by Maricq et al. (C) [54]. In that study, with
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patients with SSc (n = 28) and dermatomyositis (n = 3), a
positive correlation was found between the degree and
extension of microvascular damage and involvement of
many body systems (C) [54]. Although criticized by its
small sample size, the results of the study suggest that
the number of involved organs is associated with more
severe capillaroscopic abnormalities. Another observational study conducted with patients with isolated RP
and SSc analyzed the association between antinuclear
antibodies, capillaroscopic patterns, and clinical findings.
The results showed that patients with SSc and the “active” capillaroscopic pattern exhibited the highest levels
of target-organ involvement, including the kidneys, muscles, and skin in particular (C) [30]. These patients were
also at higher risk of developing hypertension and
anemia. In turn, the individuals with the “slow” capillaroscopic pattern, i.e., with a predominance of dilated
loops and few avascular areas, exhibited a lower frequency of visceral involvement (C) [30]. Corroborating
the aforementioned findings, an observational study with
112 patients, 45 of whom had SSc, found that more severe abnormalities on NFC were associated with more
extensive systemic involvement (C) [109].
A prospective observational study that independently
analyzed two cohorts of SSc patients found that organ
involvement was strongly associated with the pattern on
NFC (B) [110]. However, conflicting results have also
been reported, as some authors did not find a correlation between the systemic involvement and abnormalities on NFC (B) [111].
In a study conducted in Spain, progressive capillary
loss on NFC was associated with greater disease severity
and an increased risk of DU occurrence (B) [112]. A
study performed in 2007 found that patients with the
“late” capillaroscopic pattern (on nailfold videocapillaroscopy) were at higher risk of disease activity (OR = 3.50,
95% CI: 1.31 to 9.39) and DU occurrence (OR = 5.74,
95% CI: 2.08 to 15.89) (B) [28].
Other studies have shown that among patients with
SSc, the degree of capillary loss on NFC differs between
those with or without pulmonary hypertension (B) [106,
107]. A study found that SSc patients with severe capillaroscopic abnormalities exhibited a higher prevalence of
ground-glass opacities on high-resolution computed
tomography (B) [29]. Finally, a study conducted with
SSc patients reported that the risk of death was higher
among those with higher degrees of devascularization on
NFC (B) [113]. Therefore, NFC might be used for the assessment of disease severity and to predict the occurrence
of systemic complications among patients with SSc.
Recommendation 12

Nailfold capillaroscopy plays a relevant role in the diagnosis of systemic sclerosis. Despite being controversial,
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the available evidence indicates a positive correlation between capillaroscopic abnormalities and the involvement
of target organs.

Conclusions
Nailfold capillaroscopy is increasingly being used among
rheumatologists. It is an important method for the investigation of RP and for the early diagnosis of SSc. In
the present recommendations, the main indications, the
technical equipments that should be used, and
standardization on nomenclature, parameters, and the
interpretation of NFC findings were proposed based on
a systematic review of the literature and the experience
of a panel of experts. Thus, the standardized indications
and definitions will increase the reliability and quality of
NFC performance among rheumatologists and
clinicians.
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