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Chapter

Nailfold Capillaroscopy in
Rheumatic Diseases
Abhishek Patil and Isha Sood

Abstract
Nailfold capillaroscopy (NFC) has developed into an indispensable tool for
rheumatologists in the evaluation of rheumatic diseases. It offers various advantages
in being rapid, noninvasive, and inexpensive. With NFC we are able to visualize the
microcirculatory changes in the nail beds. These changes are key to the pathogenesis
of connective tissue diseases such as systemic sclerosis. Hence NFC helps in early
diagnosis of various connective tissue diseases. There is a lack of standardization in
the techniques used and various capillary parameters studied, which could lead to
variation in the reporting of the parameters studied. In this chapter we shall try to
highlight the most common parameters studied in capillaroscopy and its utility in
various connective tissue diseases.
Keywords: scleroderma, myositis, SLE, patterns

1. Introduction
Nailfold capillaroscopy (NFC) is a noninvasive bedside tool for the assessment of
capillary microcirculation and its changes. The history of this technique dates back
to over four centuries, with J C Kohlhaas’s first description of capillary loops in nailfold using basic optical magnification. However, the utility of NFC in rheumatological diseases came to the forefront after the studies of Maricq and Le Roy in 1973 [1].
They systematically described the capillaroscopic patterns in patients of rheumatoid
arthritis, systemic lupus erythematosus (SLE), and scleroderma (SSc) using a
wide-field stereomicroscope of 12× magnification. From then on, NFC has evolved
to be an indispensable tool for the rheumatologists in the evaluation of patients with
connective tissue diseases. NFC is now included in the recent American College of
Rheumatology/European League Against Rheumatism classification criteria for SSc
[2]. In the current chapter, we shall highlight the physiology, preparation, instruments, and NFC parameters in various rheumatic diseases including SSc.

2. Principle
Microcirculation consists of arterioles, capillaries, and venules. The main
function of the microcirculation is capillary exchange—delivery of oxygen and
nutrients to tissues and removal of carbon dioxide and waste products. In most
areas of fingers, capillaries are oriented perpendicular to the skin surface and are
thus not amenable to visualization. In the nailfold areas, however, they become
parallel to the skin surface and thus are observable in full length in the distal row.
1
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Figure 1.
Schematic representation of a capillary loop.

Usually there are one to three capillaries in each dermal papilla [3]. Hence most of
the examination of the capillaries is concentrated on this region. Each capillary
loop consists of an arterial and a venous limb with the latter being wider (Figure 1).
With the help of various instruments, we are able to visualize the column of blood
within these capillaries. The density and morphology of these loops help in the
diagnosis and follow-up of patients with rheumatic diseases. We shall address these
in the below mentioned sections.

3. Instruments used in capillaroscopy
The instruments utilized for the study of nailfold capillaries have evolved over
time, from stereomicroscope to the high magnification nailfold video capillaroscopy
(NVC).
3.1 Wide-field stereomicroscope
It is the original technique utilized by Maricq et al. [1] and employs about 20×
magnification for the evaluation of capillaries. It provides the panoramic view of
nailfold capillaries and makes possible for the assessment of qualitative and quantitative parameters (Figure 2a). However, the instrument is expensive and nonportable, and access is limited to special interest groups.
3.2 Ophthalmoscope and dermatoscope
These portable instruments provide images with lower magnification and quality. They are best utilized as bedside evaluation tools for the clinicians. Despite their
lower cost, they lack the image storing and processing capabilities.
2
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Figure 2.
Various instruments used in nail fold capillaroscopy; (a) stereomicroscope, (b) microscope and (c) nail fold
videocapillaroscope.

3.3 Microscope
It usually combines optical microscope and digital video camera connected to a
computer (Figure 2b). It’s a handheld, inexpensive tool for the evaluation of capillary
parameters. The instrument can be used in varying magnifications from 200× to 600×.
In view of its portability and low cost, its best suited to the busy outpatient settings.
3.4 Nailfold videocapillaroscope (NFVC)
This technique provides high magnification (200× to 600×) and, with the aid
of specific software, allows a precise measurement of capillaroscopic parameters
(capillary length, width, and density) (Figure 2c). The disadvantages include high
cost and loss of panoramic view of the nailfold.

4. Procedure of nailfold capillaroscopy
The procedure followed for nailfold examination is similar for all of the abovementioned instruments. The underlying principle is to minimize the variability in
tissue perfusion due to the following testing conditions:
i. Patient is instructed to avoid smoking and caffeine for at least 6 h prior to the
procedure.
ii. He/she should be explained about the procedure.
iii. He/she is allowed to get acclimatized to room temperature for about
15–20 min.
iv. The skin to be examined is cleaned using soap and water.
v. Then a drop of skin-friendly oils such as cedarwood oil, olive oil, peanut oil,
etc. should be placed on the nailfold and observed under NFC. It should be
3

Vascular Biology - Selection of Mechanisms and Clinical Applications

used in optimum quantity, and too little or too much of the oil may result in
suboptimal resolution.
vi. A series of 4–12 overlapping images are taken in each finger to complete the
procedure.
vii. Conventionally the medial four fingers of both the hands excluding the
thumb are evaluated.
viii. Fingers which have sustained a recent injury are excluded from the
analysis [4].
ix. Usually the fourth and fifth fingers provide the maximum information due
to the transparent nature of the skin in them.
x. The parameters evaluated include capillary density, morphology, and
hemorrhages. The same are discussed in detail below.

5. Capillary parameters
5.1 Capillary shape
A normal capillary has a safety pin or inverted U appearance with an arterial and
venous limbs. The venous arm is larger than the arterial arm. However, the capillary
loops may exhibit morphological variations, such as crossed or meandering loops
(with intertwining). Bushy or excessively tortuous capillaries are seen in scleroderma, mixed connective tissue disease (MCTD), and dermatomyositis.
5.2 Capillary density (CD)
It is the number of capillaries in 1 mm length of the distal row of each finger or toe. A
capillary loop is considered to be in the distal row, if the angle between the apex of that
capillary loop and the two adjacent capillary loops is more than 90° [5]. Capillary density
of more than 9 is usually taken as normal, albeit age-related changes in the parameter
[6]. A mean CD for each finger is calculated by analyzing four fields in the same.
5.3 Capillary width
Literature has used different parameters while reporting on capillary width.
Some studies have reported on the width of the apical loop, arterial limb, and
venous limb, while the others have reported on the whole width of capillary loop
(Figure 3). Here we shall consider the whole width of capillary loop while describing the dimensions. The normal capillary loop diameter ranges from 25 to 50 μm in
adults. A capillary width of more than 90 μm is generally taken as an enlarged loop
[7]. Uniformly enlarged capillaries are typically seen in SSc, dermatomyositis, and
mixed connective tissue disease. The term giant capillary is used to denote a capillary diameter of more than four times the normal size.
5.4 Intercapillary distance (ICD)
It is the distance between apical tips of two capillaries and varies between 96
and 166 μm [8]. Avascular areas are defined as the areas in which two or more
4
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Figure 3.
Schematic representation of various capillary loop dimensions.

capillaries are missing as compared to the other areas with low capillary density [9].
Other authors term an ICD of more than 500 μm as avascular areas [8]. These are
typically seen in connective tissue diseases and are not associated with nonimmune
disorders.
5.5 Microhemorrhages
These are reddish brown punctate lesions found in the nail bed. These represent
early vascular damage and are most prominently visualized in connective tissue
diseases such as scleroderma.

6. Utility of capillary microscopy in rheumatology
Rheumatologists frequently encounter situations in which patients present with
complaints such as arthralgia, Raynaud’s, lung disease, etc. However, many of these
patients lack the typical clinical features to classify as a definite systemic connective
tissue disease such as scleroderma, MCTD, and others. In such scenarios, NFC can
serve as a useful modality in differentiating patients with and without connective
tissue disease. The common nail abnormalities encountered include dilated loops,
microhemorrhages, and capillary dropouts. Here we shall study the NFC abnormalities encountered in patients with rheumatological diseases.
6.1 Raynaud’s phenomenon
Raynaud’s phenomenon is an exaggerated responsiveness of the vasculature
to cold and other stimuli. It can be primary (in absence of an associated disorder)
or secondary (associated with a systemic disease such as scleroderma). NFC
can serve as a useful tool in distinguishing primary from secondary Raynaud’s.
Mannarino et al. [10] described three capillaroscopic patterns in patient with
5
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Raynaud’s—normal, borderline, and abnormal patterns. Authors proposed the
borderline NFC abnormalities (composed of shorter and more tortuous capillaries)
are due to the long-standing vasospastic reaction of the Raynaud’s itself. Of interest though is the finding of abnormal capillaroscopic pattern in 8/44 patients with
idiopathic Raynaud’s phenomenon. These are the group of patients who might be
at a higher risk for developing connective tissue disease on follow-up. On the other
hand, the absence of NFC abnormalities in a patient of Raynaud’s is also helpful in
the exclusion of scleroderma [11].

7. Capillaroscopy in systemic sclerosis
Three capillaroscopic patterns have been described in SSc: early, active, and
late [12].
SSc-early pattern: it is characterized by the presence of few giant capillaries,
few capillary hemorrhages, relatively well-preserved capillary distribution, and no
evident loss of capillaries (Figure 4).
SSc-active pattern: in active pattern frequent giant capillaries are seen with
frequent capillary hemorrhages, moderate loss of capillaries, mild disorganization
of the capillary architecture, and mild ramified capillaries (Figure 5).
SSc-late pattern: in late pattern irregular enlargement of the capillaries with few
or absent giant capillaries and hemorrhages are seen. There is severe loss of capillaries with extensive avascular areas, disorganization of the normal capillary array,
and ramified capillaries (Figure 6).
7.1 Nailfold capillaroscopy and correlation with organ involvement
There have been several studies which tried to look for correlation of capillaroscopic parameters with organ involvement in systemic sclerosis. Though the results
from these studies have been variable, marked skin involvement and the presence

Figure 4.
Early SSc pattern showing few giant capillaries.
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Figure 5.
Active SSc pattern showing hemorrhages and giant capillaries.

Figure 6.
Late SSc pattern showing severe architectural distortion and capillary dropouts.

of pulmonary arterial hypertension were found to correlate with capillary loss in
majority of these studies.
Sato et al. [13] and Bhakuni et al. [14] found that capillary loss was associated with higher skin scores as assessed by modified Rodnan skin scores. Also the
significant loss of capillaries in diffuse cutaneous disease as compared to limited
disease was observed by Bhakuni et al. [14] and Ostojic et al. [15] in their study.
These studies showed, with the increasing skin thickness, the capillary density
7
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decreases and thus patients with diffuse cutaneous disease which has higher skin
scores have more marked capillary loss.
The association between the presence of pulmonary hypertension (PAH)
and various capillary parameters was also studied using either echocardiography or right heart catheterization to define PAH. The first study of NFC to use
right heart catheterization (RHC) evaluated 44 SSc patients and found that SSc
patients with more capillary abnormalities (defined by increased apical limb
width, capillary width, area, and capillary length) correlated with higher pulmonary vascular resistance, but capillary density was not evaluated in this study
[16]. Hofstee et al. [17] in a recent study using RHC (mean pulmonary artery
pressure (PAP) of >25 mmHg at rest or >30 mmHg during exercise as cutoff
for PAH) found capillary loss to be significantly associated with PAH. Riccieri
et al. [18] used echocardiography for screening (PASP>35) and RHC for confirmation of PAH. A total of 24 patients of SSc were studied of which 12 had
PAH. Significantly more capillary alterations and more avascular areas were
found in patients with PAH. Among the studies using echocardiographic screening for PAH, Sato et al. [13] defined PAH as PASP >35 mmHg and could not find
any significant association between the presence of PAH and various capillary
parameters. Castellvi et al. however found the neoangiogenesis to be significantly
associated with PAH (PASP > 40 on echocardiography) [19]. One more study,
did not find significant difference among NFC patterns in patients with elevated
PASP [20].
The correlation between the presence of interstitial lung disease and capillaroscopy parameters is not as consistent as that for PAH. Castellvi et al. [19] found
that patients with loss of capillaries on NFC had worse DLCO and FVC; however
none of the three SSc patterns (early, active, and late) showed any association with
FVC/DLCO ratio. Another study using FVC < 75% of predicted value and/or HRCT
and/or chest radiographic changes to define ILD could not find any difference in
capillary parameters in patients with and without ILD [20]. However 1 study which
screened 91 patients with SSc did found that patients with ground glass opacities
on HRCT had significantly higher mean avascular scores [21]. Another recent study
found that degree of neoangiogenesis was higher in SSc patients with honeycombing and DLCO < 50% and a number of avascular areas inversely correlated to
DLCO/AV (alveolar volume) [22].
Among serologies some studies could find an association between Scl-70 and
capillary density while no association was found with anti-centromere. Anti-Scl-70
positivity is seen in around 40% of dCSSc patients and carries an increased risk of
mortality owing to its association with lung fibrosis and rapidly developing skin
thickness [23]. The association of Scl-70 with active and late pattern was reported
for the first time by Cutolo et al. [24]. Anti-Scl-70 antibodies were found to be
significantly more prevalent in those with the “late” scleroderma pattern of capillaroscopy than “active” and “early” pattern in the EUSTAR cohort [25]. Another
study found that vascular deletion score was significantly higher in patients with
anti-Scl-70 positivity; however no correlation with capillary density was found [21].
A recent study could not find significant difference in NFC parameters between
Scl-70 positive and negative patients, though avascular areas were numerically
higher [22].
Association of anti-centromere antibodies with any of the parameter on capillaroscopy have been inconsistent. Herrick et al. found that reduced capillary
density was associated with positive anti-centromere antibody [26]. Another study
found that anti-centromere was significantly more prevalent in early and active
pattern on capillaroscopy than late scleroderma pattern [27]. Most of the other
recent studies failed to find significant relationship between ACA positivity and
8
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NFC parameters [13, 22]. The presence of ACA has been associated with a lower
frequency and severity of radiographic interstitial pulmonary fibrosis [28].

8. Nailfold capillaroscopy in other rheumatic diseases
The role of NFC in other rheumatic diseases is much well established compared
to SSc. Some of the salient features of NFC in various rheumatic diseases are
discussed below.
8.1 Systemic lupus erythematosus (SLE)
Nearly half of the patients with SLE have a normal capillaroscopic pattern.
Others have a tortuous, meandering capillaries, bizarre loops, and a prominent
subcapillary venous plexus [29]. In a systematic review by Cutolo et al. [30], 40
studies describing the capillaroscopic patterns in SLE were studied. They found the
meandering capillaries and hemorrhages are to occur more frequently in patients
with SLE and significantly less hairpin shaped loops compared to healthy individuals. Of note, they found the dilated capillaries to be associated with Raynaud’s and
gangrene in lupus patients. In seven of these studies, NFC scores also correlated
with the disease activity.
8.2 Dermatomyositis (DM) and polymyositis
The scleroderma pattern is observed in 20–60% of patients with more frequent
and pronounced findings in dermatomyositis [31]. Juvenile dermatomyositis (JDM)
can reveal phasic changes on NFC. Early stages of microhemorrhages and giant
capillaries are followed later by capillary loss and neoangiogenesis [32]. In dermatomyositis, these phasic changes are less obvious. Interestingly, shorter duration of
disease is associated with more sever changes—giant capillaries and reduced capillary density. Longer duration of disease is typified by the presence of extensively
ramified capillaries [33]. There also appears to be a strong correlation between the
NFC involvement and cutaneous activity [34]. In JDM patients, lack of resolution
of NFC changes is associated with the more severe and chronic forms of the disease
[32]. An association has also been described between capillary abnormalities and
ILD, Raynaud’s, and malignancy [35]. However, currently the data correlating with
disease activity is sparse to formulate any definitive recommendations.
8.3 Mixed connective tissue disease (MCTD)
Scleroderma pattern is observed in 65% patients of MCTD. The presence of
avascular areas has a strong correlation with the presence of interstitial lung disease
[36]. In a proportion of the patients, the NFC changes can revert with normalization of CD and/or improvement in dilated loops and hemorrhages [36].
8.4 Undifferentiated connective tissue disease (UCTD)
NFC can help in the establishing the presence of a connective tissue disease in a
patient with equivocal findings. Scleroderma pattern is observed in 9/65 (13.8%) of
patients with UCTD in one study [37]. Approximately a quarter of the patients with
UCTD may transform into SSc on follow-up [38]. Hence capillaroscopic examination could be of value in identifying the patients of UCTD who could progress to
SSc on follow-up.
9
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8.5 Sjogren’s syndrome (SjS)
Patients of SjS who have Raynaud’s phenomenon have crossed capillaries and
confluent hemorrhages on NFC [39]. Also the patients who had anti-centromere
antibodies had scleroderma-type findings in this particular study.

9. Conclusions
There are two principal methods utilized in nailfold capillaroscopy. The one
with the stereomicroscope provides the panoramic view at lesser magnification.
Videocapillaroscope provides a larger magnification but at the cost of limited field
of visualization. They are equivalent for the identification of classical abnormalities. The inclusion of capillaroscopic abnormalities in the ACR/EULAR classification for SSc drew more attention to this technique. The education and training of
rheumatologists in capillaroscopic examination is the need of the hour.
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