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ABSTRACT

Objective. We assessed the correla-
tion between severity of systemic scle-
rosis (SSc) and current staging systems
based on nailfold capillaroscopy.
Methods. SCLEROCAP is a multicen-
tre prospective study including con-
secutive scleroderma patients who have
a yearly routine follow-up with capil-
laroscopy and digital blood pressure
measurement. Capillaroscopy images
were read by two observers blinded
from each other, then by a third one
in the case of discordance. A follow-
up of 3 years is planned. The present
study assessed the correlation between
severity of systemic sclerosis (SSc) and
current staging systems based on nail
fold capillaroscopy at enrollment in the
SCLEROCAP study. Univariate and
multivariate logistic regression analy-
sis was performed for both the Maricq
and Cutolo classifications.

Results. SCLEROCAP included 387
patients in one year. Maricq’s active
and Cutolo’s late classifications were
very similar. In multivariate analysis,
the number of digital ulcers (OR for
2 ulcers or more, respectively 2.023
[1.074-3.81] and 2.596 [1.434-4.699])
and Rodnan’s skin score >15 (OR re-
spectively 32.007 [6.457-158.658] and
18.390 [5.380-62.865]) correlated with
Maricq’s active and Cutolo’s late stag-
es. Haemoglobin rate correlated with
Cutolo’s late stage (haemoglobin<100
vs. >120 g/dl: OR 0223 [0.051-
0.980]), and total lung capacity with
Maricq’s active one: increase in 10%:
OR0.833 [0.717-0.969].

Conclusion. The correlations found
between capillaroscopy and severity
of SSc are promising before the ongo-
ing prospective study definitively as-

sesses whether capillaroscopy staging
predicts complications of SSc. Only two
capillaroscopic patterns seem useful:
one involving many giant capillaries
and haemorrhages and the other with
severe capillary loss.

Introduction

Systemic sclerosis (SSc) primarily in-
volves microcirculation and Raynaud’s
phenomenon is usually the first clinical
sign of the disease. Nailfold capillaros-
copy explores this microcirculatory in-
volvement and may show specific signs
of the disease in patients who have
Raynaud’s phenomenon but no skin in-
volvement. These findings led LeRoy
and Medsger to propose the term “lim-
ited SSc” for such patients with immu-
nological or capillaroscopic specific
findings in the absence of skin disease
(1). More recently, capillaroscopy was
considered as part of the EULAR/ACR
criteria for SSc (2). Capillaroscopy and
antinuclear antibodies are now consid-
ered as pivotal exams in patients with
Raynaud’s phenomenon (3). Capilla-
roscopy may give useful information
about prognosis in patients with an es-
tablished diagnosis of SSc. Indeed, the
capillaroscopic pattern progresses over
time in SSc patients from giant capil-
laries to destruction of the capillary
bed (4).

Maricq and more recently Cutolo pro-
posed capillaroscopic classification
systems in order to identify patients
at different stages of the disease (5,
6). These systems have also been cor-
related with the severity of disease in
limited observational studies (7-9).
Capillaroscopy may be used to detect
a window of opportunity for treatment
in patients who progress from giant
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capillaries to capillary bed destruction
(10, 11). In fact, SSc is a heterogeneous
disease that may progress to fatal com-
plications after several months or may
remain limited to sclerodactyly and
Raynaud’s phenomenon. Detecting an
increased risk of complications in scle-
roderma patients is an important issue
for identifying patients at risk of pro-
gression to severe complications. The
SCLEROCAP study was designed to
validate and compare Maricq and Cu-
tolo’s capillaroscopic staging systems
for predicting the severe progression
of SSc, and to propose a new system
if neither of the classifications is in-
formative. The present paper presents
the results of the analysis of patients
at inclusion in order to correlate their
capillaroscopic features with severity
of SSc.

Patients and methods

Study design

The main hypothesis of the SCLERO-
CAP study is that one or both of Maricq
and Cutolo’s prediction predicts out-
come of systemic sclerosis complica-
tions. SCLEROCAP is a French pro-
spective, observational, longitudinal
multicentre study that is ongoing and
complies with good clinical practices
and the Declaration of Helsinki. Pa-
tients were enrolled between March
2014 and August 2015. The end of the
study is planned for end of 2019 after
three years of follow-up. Formal eth-
ics committee approval was obtained
(7 March 2014). The patients gave
informed written consent. The present
article reports transversal correlations
between capillaroscopic data and the
descriptive parameters of SSc collected
at inclusion in SCLEROCAP.

Setting and patients

The patients were consecutively in-
cluded from 10 departments (vascular
medicine, rheumatology, internal med-
icine, dermatology). The inclusion cri-
teria were a diagnosis of SSc according
to LeRoy and Medsger’s definition (1)
in order to include systemic sclerosis
without skin involvement as well, and
age above 18 years. The SCLEROCAP
study aims to follow these patients for
three years with a yearly routine check-
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up including capillaroscopy and finger
systolic pressure measurement. The
main objective is to validate the cur-
rent Cutolo and Maricq’s systems, or to
develop a new one if they prove inade-
quate. Progression after three years will
be considered as severe in the case of
heart, lung, pulmonary artery or kidney
involvement. Progression will be vali-
dated by an event validation committee
(12). Capillaroscopy images are read in
the clinical centre by an unblinded ex-
pert at the time where clinical and para-
clinical exams are done, and capillary
images are then read anonymously by
another blinded from the patient’s sta-
tus. A third expert is consulted in the
event of disagreement.

Study procedures

Demographics, medical history, SSc
subtype, and clinical and biological
SSc characteristics were collected at
inclusion. For each patient, capillaro-
scopic images were analysed for quali-
tative and quantitative abnormalities
using the same tool, i.e. a standardised
record sheet, at each visit, first in the
clinical centre by the investigator, then
by another investigator blind to the first
assessment. A third expert was consult-
ed in the event of disagreement. The
images from four fingers on each hand
(total of eight fingers) were classified
according to Maricq’s and Cutolo’s
scoring systems (5, 6).

For Maricq’s classification, two pat-
terns were considered (5). The slow
one consisted of giant capillaries with
no or minimal avascular area; the ac-
tive one consisted of few or absent gi-
ant capillaries, large avascular areas
and architectural disorganisation.

For Cutolo’s classification, three pat-
terns were considered (6). The early
pattern consisted of few giant capil-
laries and haemorrhages, preserved
capillary organisation and no evident
capillary loss. The active pattern in-
volved frequent giant capillaries and
haemorrhages and moderate capillary
loss. The late pattern consisted of few
or absent giant capillaries, absence of
haemorrhages, severe capillary loss
with large avascular areas, disorganisa-
tion of capillary loops and presence of
bushy capillaries.

Acquisition of nailfold capillaroscopic
images

Images were recorded at inclusion and
during the follow-up on eight fingers
(all fingers except thumbs) by using
the same wide-field videocapillaros-
copy device in all centres (x50 to x100
magnification, CapXview Perimed,
Jarfalla, Sweden). The images were
recorded on a disk, then blinded by a
research assistant and given to experi-
mented observers not aware of the pa-
tient’s identity or status for assessment/
classification. During the first meeting
the investigators agreed upon a sheet
for recording: a) capillaroscopic el-
ementary abnormalities and Maricq’s
and Cutolo’s classifications for each
finger; and b) for all fingers as a whole
taking into account the aspect observed
in most fingers. Abnormalities were an-
alysed from the first row of capillaries.
The classification took into account the
most frequent capillary landscape but
not the worst one when one finger was
more severe than the others.

Outcomes and measurements
Quantitative and qualitative data con-
tained in the capillaroscopic images
were assessed by the investigators. Two
other meetings were then held to ana-
lyse discordant findings and to improve
agreement about the definition of abnor-
malities. The need to define each ele-
mentary abnormality more precisely was
identified, so consensus definitions were
established. An agreement between the
investigators was found after the three
meetings. These definitions and results
of inter- and intra-observer agreement
were published previously (13).

A descriptive analysis and a binary lo-
gistic regression were performed for
each capillaroscopic classification, one
for Maricq’s and one for Cutolo’s clas-
sifications, in order to correlate them
with the severity of SSc at inclusion
using clinical and para-clinical vari-
ables. For Maricq’s classification, we
compared the active pattern with the
grouping of unspecific and slow pat-
terns. For Cutolo’s classification, we
compared the late pattern with the
grouping of unspecific, early and active
patterns. Clinical explanatory variables
were Rodnan’s skin score (RSS), and
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number of active and cicatrised digital
ulcers. Para-clinical explanatory vari-
ables were C-reactive protein (CRP),
haemoglobin rate, total lung capacity
(TLC), diffusion lung capacity for car-
bon monoxide (DLCO), and anti-topo-
isomerase 1 (SCL70 auto-antibodies
(Ab) and anti-centromere Ab.

Statistical analysis

A cross-sectional analysis of asso-
ciations based on inclusion data was
conducted. Binary logistic regression
analysis was used to determine asso-
ciations between each capillaroscopic
classification and candidate explana-
tory variables. Linearity conditions
were assessed for quantitative vari-
ables. Only TLC and DLCO verified
the log linearity assumption and were
kept as continuous variables. RSS,
number of fingers with trophic disor-
ders, CRP and haemoglobin level were
transformed into qualitative variables.
RSS was indexed in three classes: RSS
0, RSS between 1 and 14 and RSS=15.
Number of fingers with trophic changes
was indexed in three classes: 0, 1 or =2
fingers affected. CRP was indexed in
three classes: <5Smg/l, between 5 and
20 mg/l, =20 mg/l. Haemoglobin level
was indexed in three classes: =12, be-
tween 10 and 12, and <10 g/dl. Univari-
ate logistic regression was performed
first, followed by multivariate logistic
regression. All candidate explanatory
variables were included in the model,
then selected through a backward step-
by-step selection process (exclusion
criteria: p>0.20). However, explanatory
variables could be kept in the model
when considered to have a high clinical
significance. SAS software was used
for statistical analysis (SAS France,
Brie Comte Robert).

Results

Three hundred and eighty-seven pa-
tients were included in the SCLERO-
CAP study (327 females, 60 males). Of
these 387 patients, 59 had an unspecific
or normal capillaroscopic pattern. The
others were separated by Maricq’s clas-
sification into 211 slow and 117 active
patterns. By Cutolo’s classification, the
patients were separated into 87 early,
144 active and 97 late patterns. Maricq

Clinical and Experimental Rheumatology 2019

Table I. Relationship between Maricq and Cutolo’s classifications in the 329* classified

patients.

Maricq Slow Active
Cutolo (N=211) (N=117)
Early (N=87) 87 0
Active (N=144) 121 23
Late (N=97) 3 94

*Among the 387 patients, 59 (15%) had normal capillaroscopy or were unclassifiable for Maricq and

Cutolo’s classifications.

Table II. SCLEROCAP Study: Maricq’s classification at inclusion according to sclero-

derma type and severity.

Maricq’s classification Normal or unclassifiable Slow Active
Number of patients 59 211 117
Female/male 52/7 176/35 99/18
Age 55 (14) 56 (12) 61 (14)
SSc duration years mean (SD) 122+9.3 9.6+8.1 89+99
SSc type

Limited 22 (37%) 50 (24%) 16 (14%)

Cutaneous limited 28 (46%) 145 (69%) 70 (60%)

Diffuse 9 (15%) 16 (8%) 31 (26%)
Antinuclear Ab type

Anti-centromere 29 (50%) 128 (61%) 66 (56%)

Anti-SCL70 8 (14%) 30 (14%) 31 (26%)

Anti-RNA polymerase 11 5 (9%) 6 (3%) 4 (3%)
Rodnan’s skin score 32 (4.3) 4.6 (5.2) 8.8 (6.9)
Digital ulcer or scar (%) 9 (15%) 46 (22%) 58 (50%)
CRP mg/1 42 (43) 50 (12.2) 8.5 (12.9)
Haemoglobin g/l 132 (13) 136 (12) 126 (15)
Total lung capacity % predicted 109.6 (23.2) 104.5 (18.0) 94.6 (20.0)
Forced vital capacity % predicted 106.7 (17.6) 107.6 (17.8) 101.5 (21.8)
Carbon oxide diffusion % predicted 77.7 (15.9) 75.8 (17.6) 70.4 (16.8)
Renal involvement 2 2 3
Cardiac involvement 1 7 7
Digestive involvement 89 62 25

Values are given as mean (standard deviation) for quantitative variables, absolute numbers (percent-

ages) for other variables.

and Cutolo’s classifications largely
overlapped, Maricq’s active stage cor-
responding to Cutolo’s late stage in
80% patients, and Cutolo’s late stage
corresponding to Maricq’s active stage
in 97% (Table I). The clinical and pa-
ra-clinical characteristics of patients
according to Mariq or Cutolo’s classi-
fication are given in Tables II and III.
To summarise, Maricq’s active and Cu-
tolo’s late stages were associated with
more frequent diffuse SS, anti-SCL 70
Ab, higher number of digital ulcers,
higher RSS, CRP, and a decrease in
TLC and DLCO. Multivariate analysis
showed that Maricq’s active stage and
Cutolo’s late stage were strongly and
significantly associated with severity
features: higher RSS, at least one digi-
tal ulcers =2 and lower haemoglobin

level (Tables IVa and IVb). As far as
treatments are concerned, immunosup-
pressive drugs were taken by 19 pa-
tients, steroids by 18, calcium channel
inhibitors by 81, endothelin receptor
antagonists by 25, phosphodiesterase
inhibitors by 8, iloprost by 23, aspirin
or clopidogrel by 31 patients.

Discussion

Maricq and Cutolo’s classifications
largely overlap. Cutolo’s late and
Maricq’s active stages look basically
similar. Classification into three stages
instead of two by Cutolo does not seem
to improve the correlation with the se-
verity of disease and statistical analysis
was performed only in two classes: be-
tween Cutolo’s late or Maricq’s active
stages, on one hand, and the remaining
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Table ITII. SCLEROCAP Study: Cutolo’s classification at inclusion according to scleroderma type and severity.

Cutolo’s classification Normal or unclassifiable Early Active Late
Number of patients 59 87 144 97
Female/male 52/7 73/14 118/26 84/13
Age 56+ 15 57 £12 55+ 13 63+14
SSc duration years mean + SD 122+93 9.6 +8.1 99 + 8.6 13.9+10.6
SSc type

Limited 22 (37%) 22 (25%) 30 (21%) 14 (14%)
Cutaneous limited 28 (47%) 59 (68%) 100 (69%) 56 (58%)
diffuse 9 (15%) 6 (7%) 14 (10%) 27 (28%)
Antinuclear Ab type

Anticentromere 29 (50%) 52 (60%) 88 (61%) 54 (56%)
Anti-SCL70 8 (14%) 13 (15%) 21 (15%) 54 (56%)
Anti-RNA polymerase III 5 (9%) 1 (1%) 5 (3%) 4 (4%)
Rodnan’s skin score mean+SD 32+43 39+43 53+58 91 +71
Digit ulcer or scar presence (%) 9 (15%) 14 (16%) 42 (29%) 47 (49%)
CRP mg/l mean + SD 42+43 5074 56+152 84+ 115
Hb g/l mean + SD 132+13 137 £ 10 135 £12 125+ 16
Total lung capacity % predicted mean + SD 109.6 +23.2 108 £17.9 100.1 £19.0 954+ 193
Forced vital capacity % predicted mean + SD 106.7+£17.6 107.6 £20.2 1058 £17.7 1029+ 21.2
Carbon oxide diffusion % predicted mean + SD 77.7+159 78.5 £16.1 743 £18.2 69.0+ 16.6
Renal involvement 1 1 2 2
Cardiac involvement 1 3 4 7
Digestive involvement 25 35 63 53

Values are mean =+ (standard deviation for age, absolute numbers (percentages) for other results. 59 patients had a capillaroscopic pattern considered as
normal or unclassifiable according to both classifications.

patients, on the other hand. In multivar-
iate logistic regression, Cutolo’s classi-
fication was dichotomised because the
results of a polytomial regression are
more difficult to interpret and it also
made it possible to compare the results
to those of Mariq’s. Moreover, the pre-
cision of odds ratios was improved.
The main result of the present study is
the correlation between both capillaro-
scopic classifications and markers of
SSc severity. The number of digital ul-
cers and RSS correlated with Maricq’s
active and Cutolo’s late stages. Haemo-
globin rate and lung total capacity cor-
related with both classifications. Both
haemoglobin and lung functional mark-
ers are established markers of prognosis
(12, 14).

Overall, the findings are in accordance
with previous reports on the relation-
ship between capillaroscopy and com-
plications of SSc. In a small sample
of 19 patients, Maricq reported more
frequent organ involvement during the
follow-up of active-stage patients than
in slow-stage ones (5 out of 8 vs. 1 out
of 11, respectively). Chen showed that
active stage was correlated with skin
fibrosis, pulmonary hypertension and
renal crisis (5, 7). Cutolo’s late stage
was found to be associated with age,
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Table IV. SCLEROCAP Study: multivariate associations between severity markers of
scleroderma and capillaroscopic classifications at inclusion.

Table IVa: Maricq’s classification.

Odds ratio Odds ratio 95% p-value*
confidence interval
Number of digital ulcers (ref. 0) 0.021
1 digital ulcer 2.88 1.04-7.93
>2 digital ulcers 2.02 1.07-3.81
Rodnan’s skin score (ref. 0) 0.0001
1-14 13.13 3.07-56.22
=15 32.01 6.46-158.66
Haemoglobin level (g/1) (ref >120g/1) 0.022
<100 g/l 321 0.36-28.39
>100 g/l and < 120 g/1 2.83 1.30-6.18
Total lung capacity (decrease of 10%) 1.20 1.03-1.39 0.018
*Wald’s test.
Table I'Vb: Cutolo’s classification
Odds ratio Odds ratio 95% p-value*
confidence interval
Number of digital ulcers (ref. 0) 0.005
1 digital ulcer 0.90 0.32-2.52
>2 digital ulcers 2.60 1.43-4.70
Rodnan’s skin score (ref. 0) <.0001
1-14 7.11 2.41-20.93
>15 18.39 5.38-62.86
Haemoglobin level (g/1) (ref >120g/1) 0.0001
<100 g/l 448 1.02-19.69
>100 g/l and <120 g/1 401 1.99-8.06
*Wald’s test
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duration of disease, more extensive
skin involvement, cardiopulmonary or
renal complications (16), (17-20, 8).
While these studies are limited by their
cross-sectional design or small number
of patients, our findings in a prospec-
tive randomised study of 387 patients
are in accordance with these results.
Capillaroscopy abnormalities have been
associated with mortality in Raynaud’s
syndrome (21, 22). There is a lack of
consensus regarding patients with SSc.
Data mortality will become available in
our prospective study after a three- year
follow-up. Capillaroscopic findings
have also been recently correlated with
progression from VEDOSS to the ACR
criteria of SSc (25) .

In the present study we report a trans-
verse correlation between capillaro-
scopic abnormalities and severity of
disease. This result is encouraging for
the prospective SCLEROCAP study
that aims to predict prognosis by cap-
illaroscopy. Another point is the abil-
ity of capillaroscopy to underline the
potential severity of existing disease in
a patient and to closely monitor those
patients who have severity criteria on
capillaroscopy.

Capillary loss may occur early after the
onset of SSc or during the follow-up. It
is important to know whether a worsen-
ing capillaroscopy pattern predicts fu-
ture severe involvement in order to start
active therapies (9). Avouac addressed
this question with positive results (26).
He found that the reduction of the num-
ber of capillaries was associated with
overall disease progression, occurrence
of new digital ulcers, lung vascular pro-
gression, progression of skin fibrosis
and worsening of the Medsger severity
score (26) .

The main limitation of capillaroscopy
in predicting the prognosis of SSc is its
reproducibility. Nailfold capillaroscopy
was found to have excellent inter- and
intra-observer agreement for the diag-
nosis of scleroderma pattern in patients
suffering from Raynaud’s phenomenon
(27) but this agreement was not satis-
factory for either Maricq’s or Cutolo’s
classification (13, 28). However, we
showed that reproducibility dramati-
cally improves with training (13). The
results of the present study are not ham-
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pered by this limitation since the imag-
es were read by two observers blinded
from each other and a third one in the
event of discrepancy. This limitation
must be taken into account if these re-
sults are to be extrapolated to clinical
practice, so specific training should be
proposed to practitioners who intend to
use capillaroscopic classifications to as-
sess the prognosis of SSc. This is key to
improving clinical practice.

SCLEROCAP is the first prospective
longitudinal study designed to assess
the contribution of capillaroscopic clas-
sifications for predicting the risk of
severe complications of SSc. It is also
the first to use both Maricq’s and Cu-
tolo’s classifications. Both staging sys-
tems correlate with the severity of SSc
at inclusion but Cutolo’s classification
should be limited to two stages so that it
is very close to Maricq’s. For prognos-
tic purposes, only two capillaroscopic
patterns seem useful in our hands: one
consisting of many giant capillaries
and haemorrhages and the other with
severe capillary loss. The results of the
prospective follow-up of SCLEROCAP
patients will become available in 2019.
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