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Nailfold capillaroscopy in systemic
sclerosis — state of the art: The evolving
knowledge about capillaroscopic
abnormalities in systemic sclerosis
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Abstract

Capillaroscopy is a unique method for morphological evaluation of the nailfold capillaries that plays a crucial role for early
diagnosis of systemic sclerosis. The first description of the pathological capillaroscopic changes in systemic sclerosis was
made by Brown and O’Leary in 1925. Several decades later they have been validated and accepted as a diagnostic criterion
in the current 2013 EULAR/ACR classification criteria. This article summarizes the evolving knowledge about the use
of nailfold capillaroscopy in systemic sclerosis. Initially, Maricq et al. suggested two major categories of capillaroscopic
findings in systemic sclerosis — an ‘active’and ‘slow’ capillaroscopic pattern. Their description and terminology suggested
a correlation between capillaroscopic changes and disease activity and progression. In the later classification of Cutolo
et al,, three phases were defined, i.e. ‘early’, ‘active’ and ‘late’ that reflect the time-related evolution of the capillaroscopic
changes suggesting their association with disease duration. Current knowledge about the microvascular changes in
systemic sclerosis supports both associations with disease activity and disease duration. The general opinion about the
association of capillaroscopic findings with clinical involvement and disease activity in systemic sclerosis is not uniform.
This is supposedly because the phase changes of systemic sclerosis—related microangiopathy are almost a universal
feature in scleroderma and are not specific for a certain type of an accompaning clinical manifestation. Thus, the speed of
progression of microvascular alterations might be a decisive criterion, and in cases of rapid dynamics of capillaroscopic
findings, it could be considered as an indicator of disease activity. Interestingly, vascular ‘recovery’ has been observed
after treatment with immunosuppressive drugs, haematopoietic stem cell transplantation, and the endothelin receptor
antagonist — bosentan. The evolving knowledge about nailfold capillaroscopy in systemic sclerosis will further spread its
application from a mainly diagnostic tool to an established, reliable method for evaluation of disease activity, prognosis
and therapeutic response.
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Introduction
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In the nailfold area, capillary loops are oriented parallel to
the skin surface that allows visualization of their whole
length, while in the other areas they are perpendicular to the
skin. Nailfold capillaroscopy is a unique method that differs
with noninvasiveness, easy and rapid performance and is
the only technique for morphological evaluation of the nail-
fold capillaries. Its major role in rheumatology is to facili-
tate the differential diagnosis of Raynaud’s phenomenon. In
primary Raynaud’s phenomenon and in systemic sclerosis
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(SSc) the respective capillaroscopic findings are diagnostic.!*
The capillaroscopic changes in SSc are specific and can be
detected in the vast majority of patients. They include the
presence of giant capillaries, haemorrhages, avascular areas,
capillary derangement and neoangiogenic capillaries.’ They
were recently validated and accepted as a diagnostic
criterion in the current 2013 European League Against
Rheumatism (EULAR)/American College of Rheumatology
(ACR) classification criteria for the disease.>* SSc differs
with unique pathogenesis that includes microangiopathy,
fibrosis of skin and internal organs and autoimmune altera-
tions. The dominant interest in capillaroscopy in SSc is
associated with the early appearance of the specific micro-
vascular abnormalities that precede the other pathological
events.

Capillaroscopic changes could be also observed in a
number of other connective tissue diseases, i.e. in dermato-
myositis, mixed connective tissue disease (MCTD), undif-
ferentiated connective tissue disease, systemic lupus
erythematosus (SLE), rheumatoid arthritis and overlap
syndromes.%7 Practical issues that are associated with pre-
cise differential diagnosis and overlapping capillaroscopic
features with SSc are discussed in the current article.
Microvascular alterations have been also observed in
patients with non-rheumatic diseases such as diabetes mel-
litus, arterial hypertension and others as well as after pro-
longed exposure to vibration, chemical agents, ionizing
radiation and other occupational factors.®%° However, the
capillaroscopic changes in SSc are striking and appear in a
definite consequence, and in clinical context, they are
accepted as a diagnostic marker of the disease.

Capillaroscopy technique

Videocapillaroscopy is currently the gold standard for
morphological assessment of nailfold capillaries. Initially,
capillaroscopy has been performed using microscopes
(conventional, stereomicroscopes). Other devices that
allow bed-side examination such as ophthalmoscope and
dermatoscope have been also used,!%12 but provide images
with lower quality. Although, generally all the fingers
should be evaluated, nailfold capillaries are commonly
visualized more clearly at the fourth and fifth fingers due
to the greater transparency of the skin of these areas.!®
Adequate patient acclimatization is mandatory for 15—
20min prior the examination at a standard room tempera-
ture between 20 and 25°C.713 Fingers affected by local
recent trauma should be excluded from analysis!!-13 as well
as those with recent manicure during the previous 4 weeks.
The hand should be placed at the heart level, without pres-
sure over the table whose temperature also should be
standard to avoid any influence on the circulation. A drop
of immersion oil (e.g., cedar oil) should be placed over the
nailfold to improve skin transparency. If magnification
200X is used, about a millimetre of the nailfold area is

visualized that provides the opportunity for assessment of
both capillary distribution and density as well as details in
the morphology of single-capillary loops.

The concept for ‘scleroderma’
pattern - its establishment as a
‘unique’ pattern in rheumatology

In 1925, Brown and O’Leary described skin capillaro-
scopic changes in SSc that included giant capillary loops,
elongated capillaries and low capillary number per milli-
metre. The authors also observed that capillary borders
were indistinct with feathery appearance that was associ-
ated with decreased skin visibility due to collagen deposi-
tion in the skin.!* In the next years, a number of authors
have published their observations on microvascular altera-
tions in scleroderma that included capillary enlarge-
ment'>-17 and the presence of giant capillary loops,!®
haemorrhages,'® and reduced capillary number.!”-'8 Later,
Maricq et al. performed extensive research on capillaro-
scopic changes in SSc. The authors also suggested the term
‘scleroderma’-type capillaroscopic pattern’ characterized
with the presence of giant capillaries, haemorrhages, avas-
cular areas and ramified capillary loops.>:19-20

The ‘scleroderma’-type capillaroscopic pattern is met in
the majority of patients with overt SSc (>90% of the cases),
which is associated with the high prevalence of Raynaud’s
phenomenon in the disease. Maricq et al.!%20 detected ‘scle-
roderma’ pattern in 82%-95% of SSc patients. In an own
study, the specific ‘scleroderma’ pattern of the hands was
detected in 97.2% (35/36) of SSc patients.”21-23

Staging of ‘scleroderma’ pattern

Initially, Maricq et al.2? suggested the presence of two major
categories of capillaroscopic changes in SSc— an ‘active’ and
‘slow’ capillaroscopic pattern. This description has been
accompanied by the hypothesis about a correlation between
capillaroscopic changes and disease activity and progression.
The presence of severe capillary loss with extensive avascular
areas and new blood vessel formation was termed ‘active’
type ‘scleroderma’ pattern and was suggested to be associated
with disease activity, tendency to disease progression and
poor prognosis. High number of giant capillary loops with
mild capillary loss was termed ‘slow’-type ‘scleroderma’ pat-
tern and was thought to express lower disease activity?? (Table
1). Although not establishing it as a distinct pattern subtype,
Maricq et al.* published a capillary image, in which they
mention the existence of ‘early’-type scleroderma pattern in a
scleroderma patient with the presence of initial capillary
dilations.

Currently, the classification of ‘scleroderma’-type cap-
illaroscopic changes of Cutolo et al.?s is widely used and
includes three distinct phases, that is, ‘early’, ‘active’ and
‘late’. The ‘early’ phase is characterized with appearance
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Table I. Staging of capillaroscopic changes according to Maricq et al.?° and Cutolo et al.25

Staging according to Maricq et al.20

Staging according to Cutolo et al.2>

‘Slow’ — high number of giant capillary loops with mild
capillary loss.

‘Active’ — presence of severe capillary loss with extensive
avascular areas and new blood vessel formation.

‘Early’ — few giant capillaries, few microhaemorrhages, preserved
capillary distribution and density.

‘Active’ — the number of megacapillaries and microhaemorrhages is
higher; there is moderate loss of capillaries and capillary derangement.

‘Late’ — advanced capillary derangement, extensive avascular areas and
neoangiogenic/bushy capillary loops.

of few giant capillaries and few microhaemorrhages, while
capillary distribution and density are preserved. In the
‘active’ phase of ‘scleroderma’-type capillaroscopic
changes, the number of megacapillaries and microhaemor-
rhages is higher, and there is a moderate loss of capillaries
and capillary derangement. In the ‘late’ phase, the capil-
lary derangement is advanced, and there are extensive
avascular areas as well as neoangiogenic/bushy capillary
loops?® (Table 1). This type of staging as well as the respec-
tive terminology mainly reflects the progression of SSc-
related microangiopathy during disease evolution and
suggests a prominent association with disease duration.

Inhomogeneity of nailfold
capillaroscopic changes in SSc

The microangiopathy is a major component of the patho-
logical processes in SSc and affects the vast majority of the
patients. Its detection in the nailfold area by means of the
nailfold capillaroscopy facilitates early diagnosis of SSc
and provides opportunity for monitoring the microvascular
changes in the disease course. SSc-related microangiopa-
thy is generalized and could be observed at both fingers
and toes as demonstrated in our previous study.’2!
However, the capillaroscopic findings are inhomogene-
ous.23:24.26 Maricq et al.2* reported a case of a scleroderma
patient, in whom one digit had a normal pattern, while a
second digit of the same patient had the characteristic
‘scleroderma’ pattern, and underlined the necessity of
examination of all the digits in each patient. Data about
the frequency of the phenomenon of inhomogeneity in
SSc and about the possible combinations of different
microvascular changes at different fingers have not been
previously reported. In an own study, ‘scleroderma’-type
capillaroscopic changes from different phases as well as
combinations between ‘scleroderma’ pattern and normal
and/or non-specific findings of different fingers have been
observed.?>26 The combinations of ‘scleroderma’-type
capillaroscopic changes that were commonly detected
were ‘early-active’ and ‘active-late’ stages.?? This sup-
ports the well-known association between the capillaro-
scopic changes and disease duration in SSc, whose
consequence is ‘early’ — first stage, ‘active’ — second stage
and ‘late’ — third stage.2’ The phenomenon of inhomoge-
neity of nailfold capillaroscopic changes in SSc is

interesting for clinical practice as it requires detailed
examination of the fingers in order to assess the presence
of microvascular pathology accurately (Figure 1).
Considering the lower capillary visibility of the thumbs,
at least fingers from second to fifth (overall eight fingers)
bilaterally should be examined. Of note, thumb involve-
ment has been suggested as a clue for secondary nature of
Raynaud’s phenomenon.?’ Consequently, especially in
cases of clinical involvement of the thumbs, their capilla-
roscopic findings can also be assessed. In addition, the
examination of the toes may also be taken into account
and may provide additional diagnostic hints in a propor-
tion of patients.”?!

Nailfold capillaroscopy and the
diagnosis of SSc

The earliest markers of microangiopathy are giant capillar-
ies and microhaemorrhages, which are the keys for early
diagnosis of SSc. Observation of a giant capillary loop (with
a diameter of either the arterial or the venous limb greater
than 50 um/0.050 mm), even a single one, should be consid-
ered as an indicator of initial microangiopathy.!! Although
the target for assessment at the capillaroscopic examination
is the distal nailfold capillary row, the detection of a giant
capillary loop from proximal rows should be also taken into
account. The increase in capillary diameter could be consid-
ered as a microvascular response to tissue hypoxia. Of note,
increase in diameters of nail fold capillaries has been meas-
ured in healthy subjects after acute systemic hypoxia simu-
lated by hypoxicator with an air separation system that
delivers lower atmospheric O, concentration.?®

An interesting question is the ‘evaluable’ capillary diam-
eter. It has been established that only the red blood cell col-
umn is visible and could be measured within capillaroscopic
images, while the capillary walls can rarely be detected by
ordinary light microscopy. Via injection of fluorescein iso-
thiocyanate—human albumin into the brachial artery, the sur-
rounding plasma layer could be measured, which is in direct
contact with the capillary wall. Thus, in healthy subjects, it
has been found that the ‘true’ capillary diameter of the arte-
rial and venous capillary limb is 4-5um wider than the
erythrocyte column visualized at conventional nailfold cap-
illaroscopy.?>3* Fluorescein isothiocyanate—human albu-
min—marked capillary lumen (or true capillary lumen)



Lambova and Miiller-Ladner

203

Figure |. Inhomogeneous capillaroscopic findings in 52-year-old woman with SSc with limited cutaneous involvement — CREST
syndrome; duration of Raynaud’s phenomenon — |0years, duration of SSc — 5 years; mild skin involvement with Rodnan skin score —
4 and anti-centromere antibody positive (magnification 200X). (a) ‘Early’-phase ‘scleroderma’-type capillaroscopic pattern of a finger
(G-giant capillary loop); (b) ‘active’-phase ‘scleroderma’-type capillaroscopic pattern of a finger; (c) ‘early’-phase ‘scleroderma’-type
capillaroscopic pattern of a toe (G-giant capillary loop) and (d) non-specific capillaroscopic findings of a toe with the presence of

single dilated loops (D).

exceeded the width of the erythrocyte column by
4.2+ 0.7um for the arterial limb (erythrocyte column for
the arterial limb 10.8 = 3.0 um) and by 4.6 = 0.8 um for the
venous capillary limb (erythrocyte column for the venous
diameter 12.0 = 2.7 um).3* This part of capillary diameters
that is ‘invisible’ at the conventional nailfold capillaroscopy
has not been measured in patients with SSc. However, the
observations in healthy subjects raise the question: ‘if we
cannot measure the true capillary diameter, can we really
detect the initial appearance of giant capillary loops in
time?” This consideration could potentially change the diag-
nostic algorithm in cases of early microangiopathy, as bor-
derline values of dilated capillary loops could in fact
represent giant capillary loops, specifically if the difference
between visible and true capillary diameter is considered.
As the true diameter is 4-5 pm wider than those measured
at conventional capillaroscopic examination, then an arte-
rial or venous capillary diameter of 45 pm (0.045 mm) may
be of diagnostic value as an initial marker of microangi-
opathy. Thus, capillaries with arterial or venous diameter
of 45 um but below 50 um could be giant capillary loops
according to the value of the true capillary diameter.
Association of these dilated capillaries with microhaemor-
rhages or with the presence of immunological markers
should be sought in order to improve the diagnosis of early

microangiopathy. In suspicious cases, especially when
other pathological findings are absent, a closer follow-up
should be recommended.

Of note, it has been observed that capillary dilation is the
least sensitive parameter for qualitative analysis. In an own
study, comparing the qualitative assessment of two investi-
gators, a statistically significant difference was found for
detection of dilated capillaries (p <<0.05), whereas for detec-
tion of giant capillaries, avascular areas and haemorrhages,
the difference was not statistically significant (p>0.05).
The comparison of the quantitative and qualitative assess-
ments of capillaroscopic images of two investigators dem-
onstrated statistically significant difference between the two
methods for the detection of dilated and giant capillaries
(p <0.05) but no significant difference regarding the detec-
tion of avascular areas (p > 0.05). These results indicate that
quantitative analysis is more precise especially for the
detection of capillary dilation.?! Therefore, especially in
borderline cases when the aim is diagnosing of early and
very early microangiopathy, the quantitative measurement
of capillary diameters should be preferred.

In a recent study of Boulon et al.,*? excellent inter- and
intra-observer agreement was also observed between 11
experienced vascular physicians for the diagnosis of
‘scleroderma’ capillaroscopic pattern. The proportion of
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concordant inter-observer assessments between the 11
observers was 79% (70-87). Seven of the eleven observ-
ers rated the same images after 2 weeks and the median
proportion of concordant intra-observer evaluations was
97% (89-98). The comparison of each observer with the
reference provided a proportion of concordant observa-
tions of 79% (70-87). These data illustrate the very good
reproducibility of nailfold videocapillaroscopy for the
diagnosis of ‘scleroderma’ pattern by experienced vascu-
lar physicians, facilitating a reliable diagnosis in SSc
patients.3?

Taken together, to enable a very early diagnosis of scle-
roderma-related microangiopathy, the following consider-
ations need to be emphasized:

e In cases of initial capillaroscopic changes, the val-
ues of the capillary diameters should be measured
quantitatively;

e Analysis of capillaroscopic findings of all fingers
should be performed, as microvascular capillaro-
scopic changes are inhomogeneous and even a single
giant capillary is of diagnostic value;

e Cases with capillary loops with borderline dilation
should be extensively analyzed.

Nailfold capillaroscopy and disease
duration in SSc

The association between capillaroscopic changes and dis-
ease duration in SSc is a well-known phenomenon with
subsequent appearance of ‘early-’, ‘active-’ and ‘late’-
phase ‘scleroderma’-type capillaroscopic pattern.2’ In an
own research that included 36 SSc patients (20 with lim-
ited, 5 with diffuse cutaneous involvement and 1 patient
with overlap), this correlation was confirmed, and in SSc
patients with duration of the disease — 4 years or less, clas-
sically an ‘early’-phase ‘scleroderma’-type capillaroscopic
pattern was common and was found in 50% of the cases
(5/10), while a ‘late’ phase was observed in a single patient
with diffuse cutaneous involvement (10%). In SSc patients
with duration of the disease 5 years or more, ‘early’-phase
‘scleroderma’-type capillaroscopic changes were observed
in 26.9% (7/26) of the cases, all of whom were with lim-
ited cutaneous involvement.?> Obviously, disease duration
is just one of the numerous factors that affect the dynamics
of capillaroscopic changes in SSc (Figures 2 and 3).

Nailfold capillaroscopy in SSc and its
association with clinical picture and
immunological profile

The association between disease duration and capillaro-
scopic changes seems to be a logical consequence of the
microvascular evolution. Maricq et al.20 also suggested the
existence of two major subtypes, i.e. ‘slow’ and ‘active’

Figure 2. ‘Active’-phase ‘scleroderma’-type capillaroscopic
pattern in 58-year-old female SSc patient with limited
cutaneous involvement; duration of Raynaud’s phenomenon

— 20years, duration of SSc — 20years; sclerodactyly, mild skin
involvement with modified Rodnan skin score — 3, recurrent
digital ulcers, telangiectasia and anti-centromere antibody
positive; homogeneous capillaroscopic findings — ‘active’-phase
‘scleroderma’-type pattern of all the fingers (magnification
200X).

Figure 3. ‘Late’-phase ‘scleroderma’-type capillaroscopic
pattern in 68-year-old female SSc patient with diffuse cutaneous
involvement. The duration of both Raynaud’s phenomenon and
SSc is 6 years; modified Rodnan skin score — 46. The patient
presents also with pulmonary arterial hypertension at exertion,
sicca syndrome and arthritis (N: neoangiogenesis; AA: avascular
areas; magnification 200X).

types, as well as an association between capillaroscopic
findings and disease activity, degree of progression and
prognosis that is also well reflected by the suggested termi-
nology (‘slow’ type in patients with low disease activity and
vice versa). Most of the scientists suggest also a correlation
between the type of capillaroscopic changes and extent of
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cutaneous and visceral involvement in SSc,!3-20-33-40 while
other authors do not support this idea.*!42

Maricq et al.?* did not find an association between the
degree of capillary changes and the stage of cutaneous dis-
ease. The authors observed that in five patients with only
modest capillary changes, three had advanced stages of
cutaneous involvement, while other three cases with
advanced microangiopathy were in the early stages of their
cutaneous disease.?*

Cutolo et al.?> have found that the three phases of ‘scle-
roderma’-type capillaroscopic changes (‘early’, ‘active’,
and ‘late’) could be observed in both disease subtypes with
limited and diffuse cutaneous involvement. However, ten-
dency for predominance of the different phases according
to the extent of cutaneous involvement has been noted.!?
Capillaroscopic examinations in 241 SSc patients by
Cutolo et al.!’ revealed that patients with ‘early’- and
‘active’-phase ‘scleroderma’-type capillaroscopic pattern
showed more frequently limited cutaneous form of the dis-
ease versus those with ‘late’-phase capillaroscopic
changes. Conversely, the cases with ‘late’-phase ‘sclero-
derma’ pattern were more frequently affected by the dif-
fuse cutaneous form of the disease.!® In an analysis of a
large cohort of SSc patients from the EUSTAR database
with available data on subtypes of ‘scleroderma’-type
capillaroscopic pattern,® a ‘late’ scleroderma pattern was
observed more frequently in Scl-70 positive cases with dif-
fuse cutaneous involvement.

Comparing 50 SSc patients with limited and 55 SSc
patients with diffuse cutaneous involvement, who had no
significant difference in disease duration, Ostoji¢ and
Damjanov?® found that enlarged capillaries without signifi-
cant capillary loss were more common in patients with lim-
ited cutaneous involvement. Very enlarged capillaries with
advanced capillary loss were more common in patients
with diffuse cutaneous subtype of the disease together with
digital ulcers, in the presence of interstitial lung fibrosis,
decreased forced vital capacity and diffusing capacity of
carbon monoxide (DLCO), oesophageal hypomotility,
musculoskeletal impairment and heart and renal involve-
ment. Other features like fingertip osteolysis, telangiectasia
and arthritis were observed with equal frequency in the two
forms of the disease.’® Shenavandeh et al.** did not find an
association between the patterns of capillaroscopy and SSc
cutaneous subtypes, but a significant association was evi-
dent when the analysis was performed based on the disease
duration. The °‘early’-phase ‘scleroderma’ pattern was
observed more frequently in patients with early limited
cutaneous scleroderma versus the early diffuse cutaneous
form, which could be compatible with slower course of the
limited cutaneous subtype. Of note, subtle capillaroscopic
changes, capillary elongation and capillary tortuosity had
an inverse association with some clinical manifestations,
and the authors suggested that they might be considered as
good prognostic factors.*

In 91 SSc patients, Bredemeier et al.3> found an associa-
tion between higher skin scores, longer disease duration,
signs of peripheral ischaemia, esophageal dysfunction,
anti-topoisomerase I/anti-Scl-70 antibodies, ground-glass
opacities and higher mean avascular scores in nailfold cap-
illaroscopy. The association between ground-glass opaci-
ties and higher avascular scores was particularly
pronounced in cases with shorter disease duration
<S5years. Thus, it has been concluded that the severity of
capillaroscopic abnormalities is associated with lung dis-
ease activity in SSc, especially in cases with relatively
short disease duration.® In a study with 103 SSc patients,
Caramaschi et al.’’ found a correlation between SSc-
related microangiopathy and disease subset, severity of
peripheral vascular, skin, heart and lung involvement.
‘Early’ and ‘active’ patterns were more common among
patients with limited cutaneous form of SSc, whereas the
‘late’ pattern was more frequent in patients with diffuse
cutaneous SSc.?” Thus, it could be hypothesized that in the
diffuse cutaneous form of SSc, accelerated dynamics in
microvascular changes could be observed (Figure 3).

Nailfold capillaroscopy and pulmonary arterial
hypertension in SSc

An association between capillaroscopic findings in SSc
and the pulmonary arterial hypertension (PAH), which is
the major cause for increased mortality in scleroderma
patients, has been suggested,?**® but the general expert
opinion is not homogeneous.**3

In 40 SSc patients, a significantly lower capillary den-
sity has been found in patients with SSc-related PAH
(n=21) as compared with those without PAH (4.33/mm vs
6.56/mm, p=0.001), while loop dimensions were equal.
Of note, a reduction in capillary density, although to a
milder extent, was also noted in patients with idiopathic
PAH as compared with healthy controls. A correlation
between capillary density and severity of PAH in both
SSc-related and idiopathic PAH has been also suggested.*?
In contrast, Greidinger et al.,*> using qualitative assess-
ment of the capillaroscopic changes, found no difference
between SSc patients with and without PAH. The authors
did not observe “scleroderma-like” capillaroscopic
changes in patients with idiopathic PAH.#5

Consequently, the predominant data indicate that
peripheral microvascular changes are associated with cuta-
neous and visceral involvement. However, some studies
do not confirm such an association. This is supposedly,
because, the phase changes of SSc-related capillaroscopic
findings are a universal feature in scleroderma patients and
are not specific for a certain type of an accompanying clin-
ical manifestation. However, a dynamic progression of
peripheral capillaroscopic findings for short periods of
time may indicate disease activity including extensive
cutaneous and/or visceral involvement.
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Nailfold capillaroscopy and the presence of
digital ulcers in SSc

An association between capillaroscopic findings in SSc
and the presence of digital ulcers has been suggested.
Avascular areas on nailfold capillaroscopy have been
proposed as a major risk factor for the development of
skin ulcers in SSc in a study that included 130 SSc
patients, of whom 110 underwent nailfold capillaroscopic
examination. Other factors that were identified to influ-
ence development of skin ulcers were diffuse type of
cutaneous involvement and systemic inflammation
defined by interleukin 6 levels.*® In an own study, in a
group of 36 SSc patients, digital ulcers at the hands were
detected in 36% of the cases (13/36). Interestingly, in all
of them (13/13), an ‘active’-phase ‘scleroderma’-type
capillaroscopic pattern was found at the finger with an
active digital ulcer.??

Prognostic value of nailfold capillaroscopy to
predict future clinical outcomes in SSc

In a recent systematic literature review that included 18
studies, Paxton and Pauling®’ evaluated the prognostic
value of nailfold capillaroscopic findings in SSc. The
authors concluded that most of the studies (89%, 16/18)
show positive associations between baseline capillaro-
scopic changes and clinical outcomes including digital
ulcer occurrence/healing, survival, disease progression,
calcinosis, skin progression, PAH and/or cardiovascular
events. The majority of the evaluated studies were prospec-
tive longitudinal studies (13/18, 72%). The duration of the
follow-up in the prospective studies varied and was rela-
tively short.*’ Five of the prospective studies (38%) evalu-
ated the association between nailfold capillaroscopy and
digital ulcers occurrence and healing within 6 months.47-52
A recent prospective study of Avouac et al. that included
140 SSc patients and a longer period of follow-up (3 years)
differs with high quality.3 It has been suggested that
patients with increased number of giant capillaries were at
less risk to develop new digital ulcers. Loss of capillaries
during the follow-up was found to be an independent
marker of overall disease progression, appearance of new
digital ulcers, progression of pulmonary vascular involve-
ment, skin fibrosis and worsening of the Medsger severity
score.>

Nailfold capillaroscopy and immunological
profile in SSc

The low sensitivity of the old ACR classification criteria
(1980) for SSc had stimulated extensive research for improve-
ment in the early diagnosis.>**> Thus, LeRoy and Medsger>¢
proposed the patients with objective signs of Raynaud’s phe-
nomenon and abnormal nailfold capillaroscopic changes or

positive SSc-selective autoantibodies (anti-centromere, anti-
topoisomerase I/anti-Scl-70, anti-fibrillarin, anti-PM-Scl,
anti-fibrillin or anti-RNA polymerase [ or IIl in a titre of 1:100
or higher) to be diagnosed as ‘prescleroderma’ or limited SSc
even in the absence of other manifestations of the disease. If
Raynaud’s phenomenon is only subjectively reported, both
‘scleroderma’-type nailfold capillary pattern and SSc-
selective antibodies should be present.’® The multi-centre
project VEDOSS (Very Early Diagnosis of SSc) has led
recently to validation and establishment of a new set of crite-
ria for SSc of EULAR and ACR (2013) with inclusion of both
the specific capillaroscopic changes in SSc and SSc-related
autoantibodies (anti-centromere, anti-topoisomerase l/anti-
Scl-70 and anti-RNA polymerase 1I1).3# Thus, the presence of
specific ‘scleroderma’-type capillaroscopic changes and SSc-
related autoantibodies in patients with Raynaud’s phenome-
non are new criteria for diagnosing of SSc.

Less well-known is the question about association of
certain autoantibodies with the different phases of the
‘scleroderma’-type capillaroscopic pattern.!> A significant
correlation between the presence of anti-centromere anti-
bodies and the ‘slow’ capillary pattern as defined by
Maricq et al. could be shown.?033 In a study that included
241 SSc patients, Cutolo et al.!3 found anti-centromere
antibodies more frequently in the ‘early’ pattern and
decreased in the other patterns (‘active’ and ‘late’). Of
note, the presence of anti-Scl-70 antibodies was signifi-
cantly more frequent in patients with both the ‘active’ and
‘late’ phases capillaroscopic pattern versus the ‘early’
phase. Thus, it has been hypothesized that the presence of
anti-Scl-70 antibodies might be related to the earlier devel-
opment of the ‘active’ and ‘late’ phases of ‘scleroderma’-
type capillaroscopic pattern. However, no significant
correlation was found between the presence of the anti-
Scl-70 antibodies and the duration of Raynaud’s phenom-
enon and SSc. Thus, it has been concluded that although
SSc-related autoantibodies (anti-centromere and anti-
Scl-70) are not directly linked with the development of a
distinct ‘scleroderma’ pattern subtype, they are supposedly
associated with the rate of progression of scleroderma
microangiopathy.!3

‘Scleroderma’ and ‘scleroderma-like’
pattern

During their extensive research on capillaroscopic find-
ings in connective tissue diseases, Maricq et al.>19:20
found also components of the ‘scleroderma’ pattern in a
group of diseases from the scope of scleroderma-spec-
trum disorders such as MCTD, undifferentiated connec-
tive tissue disease, and dermatomyositis. These changes,
commonly termed ‘scleroderma-like’ pattern, based on the
analogy with the changes in SSc, in fact establish the ‘scle-
roderma’ capillaroscopic pattern as a reference pattern in
rheumatology.
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In MCTD, the ‘scleroderma-like’ capillaroscopic
changes have been described in a smaller proportion of
patients versus SSc, i.e. in approximately half of the
cases.'2!® De Holanda Mafaldo Diogenes et al.5” have
found “scleroderma-like” capillaroscopic changes in 65%
-71.5% of cases in a group of 63 MCTD patients at dif-
ferent time points during follow-up. Granier et al.>
observed a similar frequency of “scleroderma-like” pattern
in MCTD (63.6% among 22 patients). In MCTD patients,
a higher frequency of bushy capillaries was found when
compared with both SSc and SLE.® Similarly, it has been
also suggested that bushy and branching capillaries could
be found more frequently in dermatomyositis, although the
capillaroscopic changes in dermatomyositis and SSc are
usually indistinguishable.?*

In SLE, a ‘scleroderma-like’ capillaroscopic pattern was
detected in a lower proportion of patients ranging from 2%
to 15%.712:19.59-62 An association between the presence of
‘scleroderma-like’ changes and positive anti-U1-RNP anti-
body was noted that led to the idea that these microvascular
changes are a feature of an overlap syndrome with SS¢.6! Of
note, in 30 SLE patients aged 14.4 = 3.3 years, 4 of whom
were positive for anti-RNP antibodies, Piotto et al.%3 did not
observe any capillaroscopic changes. This suggests the
absence of an obligatory association between anti-RNP anti-
bodies and capillaroscopic changes in SLE. In an own study,
a ‘scleroderma-like’ pattern was observed in 13% of cases
(4/30), all of whom showed symptoms of secondary
Raynaud’s phenomenon and high immunological activity
without signs of an overlap syndrome. In two of the four
patients with a ‘scleroderma’-type pattern, active vasculitis of
peripheral vessels was present. Of note, anti-RNP antibodies
were positive in a single patient without overlap syndrome
and without peripheral vessel vasculitis.”*> Thus, it could be
concluded that ‘scleroderma-like’ changes in SLE patients
could be observed without evidence for an overlap with SSc
or other connective tissue disease. In our experience “sclero-
derma-like” pattern could be found in SLE patients who
exhibit either active vasculitis of peripheral vessels or only
symptoms of secondary Raynaud’s phenomenon.
Immunological profile should be assessed in these cases as
high immunological activity may accompany these capilla-
roscopic changes.

It has been suggested that a ‘scleroderma-like’ capillaro-
scopic pattern could not be found in patients with rheumatoid
arthritis.'”-* However, in an own study in 62 rheumatoid
arthritis patients with and without Raynaud’s phenomenon, a
‘SSc-like’ pattern was observed in 14.5% of the cases (9/62; 2
males and 7 females). An overlap syndrome (rheumatoid
arthritis overlap to SLE) with secondary Raynaud’s phenom-
enon and secondary vasculitis of peripheral vessels was pre-
sent in a single case. In the remaining 8 patients, no overlap
with other connective tissue disease was detected, but all
rheumatoid arthritis patients with ‘SSc-like’ capillaroscopic
pattern (9/9) exhibited symptoms of secondary Raynaud’s

phenomenon and two of them had vasculitis of peripheral
vessels. Based on these observations, it could be concluded
that a ‘scleroderma-like’ capillaroscopic pattern could be
observed in rheumatoid arthritis patients with secondary
Raynaud’s phenomenon with or without vasculitis of periph-
eral vessels albeit with low frequency, and its presence is not
mandatory in the context of overlap syndromes.”-%4

The overall conclusion is that ‘scleroderma-like’ capil-
laroscopic changes may be observed within and beyond
the scope of scleroderma-spectrum disorders, and inter-
pretation of the capillaroscopic findings can only be made
in a clinical context.

Nailfold capillaroscopy and evaluation
of treatment response in SSc

Significant amelioration of capillaroscopic changes in SSc
patients in response to treatment has been reported.®>-70 A
combined therapy with iloprost infusion and oral cyclo-
sporine (2.5mg/kg/daily) has shown significant positive
influence on capillaroscopic changes in SSc after a period of
12months.® Moreover, during a longer 3-year period of
follow-up of SSc patients treated with oral cyclosporine
(2.5mg/kg/daily), progressive improvement of capillary
lesions was observed in the first 2 years of therapy.%® Rapid
improvement of ‘scleroderma’-type capillaroscopic find-
ings (with capillary haemorrhages, enlarged capillary loops
and avascular areas) to almost normal pattern has been
reported in a clinical case of SSc after intensive immuno-
suppression and haematopoietic stem cell transplantation.
Mobilization of stem cells was performed using cyclophos-
phamide (4 g/m?), followed by granulocyte colony-stimulat-
ing factor. Conditioning included administration of
cyclophosphamide (200mg/kg) and 7.5 mg/kg rabbit anti-
thymocyte globulin followed by stem cell reinfusion.
Haematopoietic stem cell transplantation was performed
3 months after mobilization. Five months after the haemato-
poietic stem cell transplantation, normalization of capillary
number, size and architecture without capillary haemor-
rhages was observed.®’ Restoration of capillaroscopic pat-
tern from ‘active’ to ‘early ’ phase was also seen in six SSc¢
patients who underwent capillaroscopic examination 3 years
after the baseline assessment. Five of them were treated
with cyclophosphamide and one patient received metho-
trexate plus azathioprine.%® In another study that included 16
patients with severe diffuse cutaneous SSc, the effect of
haematopoictic stem cell transplantation and cyclophospha-
mide treatment on peripheral microangiopathy was assessed.
Videocapillaroscopy demonstrated ‘late’-phase ‘scleroder-
ma’-type pattern at baseline, and the follow-up continued
2 years. Six of the patients were treated with haematopoietic
stem cell transplantation and 10 with monthly pulse cyclo-
phosphamide (1 g) for 6 months followed by oral cyclophos-
phamide (50 mg daily) for 6 months. Three months after the
haematopoictic stem cell transplantation, the capillaroscopic
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pattern has changed from ‘late’ into ‘active’ with appearance
of frequent giant capillaries (>6/mm), haemorrhages and
restoration of avascular areas. The newly appeared ‘active’
pattern was still present also at 6, 12 and 24 months. In
patients treated with cyclophosphamide, no modification of
the ‘late’-phase capillaroscopic pattern was observed during
24-month follow-up.®®

Bellando-Randone et al.”® have assessed the effect of
bosentan, sildenafil and their combination on capillaro-
scopic pattern in a retrospective study that included 123
SSc patients. In SSc patients treated with sildenafil, bet-
ter improvement in hand function and Raynaud’s phe-
nomenon attacks were observed as compared to bosentan,
but the capillaroscopic findings worsened in the course of
treatment with increase of the percentage of ‘late’ phase
‘scleroderma’ pattern. A significant improvement of cap-
illaroscopic findings was detected in patients treated with
bosentan alone or with a combination of bosentan and
sildenafil after 3 and 6 months with reduction of the
‘late’- and ‘active’-phase ‘scleroderma’ pattern and an
increase of the ‘aspecific’ findings or ‘early’ pattern. In
patients, who received a combination therapy with bosen-
tan and sildenafil, the best results were achieved in the
earliest phase of SSc, characterized by a lower ACR/
EULAR score versus those with more advanced disease.
This suggests lower sensitivity of microvascular system
to this therapeutic intervention in patients with more
advanced clinical involvement.”” These results can be
explained by the crucial role of endothelin-1 in the patho-
genesis of scleroderma-related microangiopathy. In SSc
patients with ‘late’-phase capillaroscopic changes char-
acterized by capillary loss and advanced fibrosis, Sulli
et al.”! detected higher endothelin-1 plasma levels versus
those with ‘early’ phase and controls.

These observations suggest the potential of the capilla-
roscopic technique to be used for monitoring disease activ-
ity and to be applied as a method for investigation of those
drugs that influence vascular remodelling and recovery
and for evaluation of their long-term therapeutic effect.
Currently, an effect on vascular recovery has been reported
after treatment with immunosuppressive drugs, haemato-
poietic stem cell transplantation and bosentan.

Conclusion

Since the initial description of the “scleroderma” type capil-
laroscopic pattern, the knowledge about the capillaroscopic
abnormalities in SSc is constantly evolving. Currently, the
characteristic “scleroderma” type capillaroscopic changes
are diagnostic for SSc and it is well known that they go
through different phases during disease evolution, but also
may have a ‘reverse’ dynamic after treatment.

Although all three phases of scleroderma-type capilla-
roscopic pattern, i.e. ‘early, ’ ‘active, > and ‘late * could be
observed in SSc with both limited and diffuse cutaneous

involvement, the speed of dynamics of capillaroscopic
changes may differ, being higher in rapidly progressive
diffuse cutaneous forms of the disease. Of note, the expert
opinion about the association between the capillaroscopic
findings, clinical involvement and disease activity in SSc
is not uniform. This is supposedly because the phase capil-
laroscopic changes of SSc-related microangiopathy are
almost a universal feature in scleroderma patients (>90%)
and are not specific for a certain type of an accompanying
clinical manifestation. However, the speed of progression
of microvascular alterations appears critical, and in cases
of a rapid dynamic change of peripheral capillaroscopic
findings for short periods of time, this should be consid-
ered as an indicator for disease activity including extensive
cutaneous and/or visceral involvement as the latter should
be evaluated and diagnosed in a clinical context.

In addition, capillaroscopic findings are inhomogene-
ous and for improvement of the diagnostic potential of
nailfold capillaroscopy, detailed assessment of the fin-
gers from second to fifth bilaterally (overall 8 fingers) or
all 10 fingers in cases of clinical thumb involvement
should be performed. Examination of the toes can also
reveal the characteristic capillaroscopic abnormalities
and may also be taken into account. Taken together, the
evolving knowledge about nailfold capillaroscopy in SSc
will further spread its application from a mainly diagnos-
tic tool to an established, reliable and easy-to-perform
method for evaluation of disease activity, prognosis and
therapeutic response.
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Take home messages

Capillaroscopic changes in SSc are diagnostic and are
found in the majority of cases with clinically manifest
scleroderma (>90%).

Capillaroscopic findings in scleroderma are not homo-
geneous. Microvascular changes from different phases
could be found in different nailfold areas in the same
patient as well as combinations between “scleroderma’-
type pattern, normal and/or nonspecific findings.

There is an association between the capillaroscopic
findings and disease duration in SSc although the time is
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connective tissue diseases with or without clinical scleroder-
mic features e.g., MCTD, overlap syndromes, undifferentiated
connective tissue disease, in a proportion of patients with der-
matomyositis. In addition, “scleroderma-like” changes could
be also found in SLE and in rheumatoid arthritis, independent
of the immunological status of the patients and without any
indications for clinical or serological overlap. These conclu-
sions require mandatory interpretation of the capillaroscopig
findings in an individual clinical context.

not the only factor that determines the development of
microvascular changes, which suggests the role of disease
activity and other factors that may differ
interindividually.

SSc-related capillaroscopic findings are almost a univer-
sal feature in scleroderma patients and are not specific for a
certain type of an accompanying clinical manifestation.
Thus, the speed of progression of microvascular alterations
should be considered. The rapid dynamic change of periph-
eral capillaroscopic findings for short periods of time may
indicate disease activity including extensive cutaneous and/
or visceral involvement, as the latter should be evaluated
and diagnosed in a clinical context.

Vascular recovery has been observed after treatment
with immunosuppressive drugs, haematopoetic stem cell
transplantation and bosentan.

“Scleroderma-like” changes could be observed in other
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