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ABSTRACT

Background Nailfold videocapillaroscopy (NVC) non-
specific abnormalities may be present in subjects

with isolated Raynaud’s phenomenon (RP) before the
potential transition to systemic sclerosis (SSc) specific
microvascular alterations (‘scleroderma pattern’). This
study aims to investigate NVC non-specific abnormalities,
notably capillary dilations, in RP patients, as possible
forerunners of the ‘scleroderma pattern’.

Methods A 10-year retrospective NVC-based investigation
evaluated 55 RP patients sorted into 3 sex-matched and
age-matched groups according to clinical evolution; 18
later developing SSc (cases), 19 later developing other
connective tissue disease and 18 maintaining primary

RP at long-term follow-up (controls). All patients had a
basal NVC showing non-specific abnormalities, namely
non-specific >30 pm dilated capillaries (30-50 ym
diameter). Sequential NVCs were longitudinally evaluated
using current standardised approach. Statistical analysis
assessed the risk for developing a ‘scleroderma pattern’.
Results Significantly larger capillary diameters were
observed in cases versus controls both at basal NVC and
during follow-up NVC (p=<0.05 to <0.001). Interestingly,
controls showed stable NVC non-specific abnormalities
over the study follow-up. The number of >30 pm dilated
capillaries/mm at basal NVC was the strongest single
predictor of ‘scleroderma pattern’ evolution with 24%
increased risk per each dilated capillary (OR 1.24, 95% Cl
1.17,1.32). Additionally, a tree-based analysis suggested
the efferent (venous) diameter of the most dilated capillary
on basal NVCas a variable of interest to identify patients
maintaining primary RP.

Conclusion This is the first study to describe an NVC
‘prescleroderma signature’ to potentially identify RP
patients later developing a ‘scleroderma pattern’.

BACKGROUND

Raynaud’s phenomenon (RP) is a complex
symptom triggered by an exaggerated micro-
vascular response to cold or other inducers,
generally occurring at body extremities.' > RP
is classified as primary (PRP), when occurring
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WHAT IS ALREADY KNOWN ON THIS TOPIC

= Isolated Raynaud’s phenomenon (RP) may evolve in
secondary RP during the follow-up.

= Nailfold videocapillaroscopy (NVC) non-specific
changes might frequently precede ‘scleroderma
pattern’ development.

= The evolution from isolated RP towards ‘scleroder-
ma pattern’ is unlikely when NVC capillary dilations
have a 20-30 pm average diameter.

WHAT THIS STUDY ADDS

= High rate of NVC capillary dilations with >30 ym av-
erage diameter seems a strong predictor of ‘sclero-
derma pattern’ in patients with isolated RP.

= Alarge venous diameter may identify those patients
maintaining primary RP at a follow-up.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= Non-specific NVC >30 pm capillary dilations may be
regarded as a ‘prescleroderma signature’ in patients
assessed for isolated RP.

= Quantitative measurement of NVC capillary dilations
may improve clinical prediction.

as an isolated phenomenon, or secondary
(SRP), when associated to other clinical
conditions—typically a connective tissue
disease (CTD).”*

Nailfold videocapillaroscopy (NVC) is a
non-invasive, reliable and safe technique,
which is currently considered the gold-
standard investigation to differentiate PRP
from SRP.*® NVC is performed at the nailfold
capillary bed, qualitatively and semiquantita-
tively assessing ultrastructural microvascular
architecture.’

For qualitative assessment, specific morpho-
logical abnormalities belonging to the ‘sclero-
derma pattern’ (‘Early’, ‘Active’ and ‘Late’

BM)
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patterns) can be identified, allowing the detection of a
systemic sclerosis (SSc)-related SRP.”® Particularly, NVC
has been demonstrated to have strong diagnostic, predic-
tive and prognostic value for SSc, thus being incorpo-
rated into the 2013 American College of Rheumatology
(ACR)/European Alliance of Associations for Rheuma-
tology (EULAR) classification criteria.®!!

Likewise, non-specific capillaroscopic abnormalities
have increasingly been reported in both PRP and other
CTDs, as mixed and undifferentiated CTD (MCTD and
UCTD), systemic lupus erythematosus (SLE), Sjogren’s
syndrome and in antiphospholipid syndrome. Impor-
tantly, unlike the ‘scleroderma pattern’, these non-
specific abnormalities by themselves are not predictive of
any defined condition.'*™

Recently, a consensus definition by the EULAR Study
Group on Microcirculation in Rheumatic Diseases
(EULAR SG MC/RD) and the Scleroderma Clinical
Trial Consortium Group on Capillaroscopy has elabo-
rated a standardised NVC interpretation and a fast-track
distinction between ‘scleroderma’ and ‘non-scleroderma
patterns’.” '’

Interestingly, since isolated RP is frequently reported as
an early manifestation of CTDs, increasing attention has
been recently focused on the detection and monitoring
of very early NVC alterations as predictive of CTD devel-
opment over time."® "

As for SSc, non-specific capillaroscopic abnormalities
may be present in subjects with isolated RP before a
potential transition to an SRP and the development of an
overt ‘scleroderma pattern’.® %%

The present retrospective investigation aimed to eval-
uate NVC non-specific abnormalities, namely capillary
dilations, in RP patients as possible forerunners of the
‘scleroderma pattern’ over time.

METHODS

Study population

We performed a retrospective case—control study on the
NVC image dataset of RP patients evaluated at the Scle-
roderma Clinic of the Rheumatology Division of Genova
University (Italy) from 2000 to 2020 and undergoing
standard diagnostic procedures.

Building on our previous finding that NVC capillary
average diameter <30 micrometre (pm) would have an
independent negative predictive value (NPV) for devel-
oping a ‘scleroderma pattern’, only those RP patients
with basal NVC showing >1 capillaries with a 30-50 pm
average diameter (from now on referred to as >30 pm
dilated capillaries’) were included in the study.23 As
matter of fact, the capillary diameter <20 pm is by defi-
nition considered within normal range and an ‘homoge-
neous’ loop dilation >50 pm is a ‘giant’ capillary, specific
feature of the ‘scleroderma pattern’.

For case selection, sequential NVCs of 273 RP patients
later developing a ‘scleroderma pattern’ and being

diagnosed with SSc were initially reviewed from the NVC
dataset.

Out of that, 18 RP patients were selected as cases having
at least one NVC performed before the development of
the ‘scleroderma pattern’ and with non-specific abnor-
malities, including >30 pm dilated capillaries.

Accordingly, sex-matched and age-matched RP patients
(19 later developing other CTDs and 18 with stable PRP
at long-term follow-up) having a basal NVC with non-
specific abnormalities, including >30 pm dilated capil-
laries, were selected as controls.

The present retrospective  observational
interventional study was conducted in accordance with
the principles of Good Clinical Practices and the Decla-
ration of Helsinki.

All patients underwent clinical and laboratory exam-
inations during the follow-up as part of the standard
diagnostic investigation and guidelines approved for RP
evaluation.” **

Informed consent was obtained, as the rule, from all
subjects attending the scleroderma clinic during ordi-
nary clinical evaluation and before any NVC exam-
ination, as previously approved by the local Ethics
Committee.

non-

Clinical data and laboratory tests

RP was diagnosed in presence of repetitive at least
biphasic change in the skin colour of the digits induced
by cold or stress.”” SSc was diagnosed according to the
2018 ACR/EULAR classification criteria.” ** SLE diag-
nosis met the 1997 ACR or the 2012 SLICC classification
criteria, MCTD diagnosis was made according to either
1987 Sharp’s criteria or 1987 Alarcon-Segovia’s criteria or
1987 Kasukawa’s criteria or 1991 Kahn’s criteria, whereas
UCTD was diagnosed when not fulfilling criteria for a
definite CTD.*"

For each patient main demographic data, RP clinical
features, comorbidities and therapy taken during the
follow-up were retrieved from the NVC dataset. At the
time of basal NVC, none of the subjects were treated
with vasoactive (aminaftone, pentoxyfilline, intravenous
prostanoids, endothelin receptor antagonists) and/or
immunosuppressive drugs (glucocorticoids, hydroxy-
chloroquine, methotrexate, azathioprine, mycopheno-
late mofetil).

As for laboratory analysis, all patients were tested for
antinuclear antibodies using indirect immunofluores-
cence on Hep-2/liver cells (EUROPLUS ANA Mosaic
FA 1510-1), with a 1:80 serum dilution as cut-off value.
When appropriate, extractable nuclear antigen anti-
bodies (anti-ENA) and SSc-related Abs were also tested
through ELISA (EUROASSAY Anti-ENA ProfilePlus 1
ELISA IgG, EA 1590-1G) and immunoblot (EUROLINE
Systemic sclerosis Profile (Nucleoli) DL 1532 G). All
tests were performed according to the manufacturer’s
instructions.”
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NVC analysis

Before the NVC analysis, each subject was acclimatised
inside the building for a minimum of 15 min at room
temperature of 20°C-22°C. Nailfolds from the second to
fifth fingers of both hands were examined in each patient,
recording two adjacent nailfold fields of 1 linear milli-
metre (mm) for each finger (total 16 images). All NVCs
were performed by the same operator, using an optical
probe with 200X magnification contact lens connected
to the storage software (VideoCap 10.00.13 DS Medica
Srl, Milan, Italy).

AlINVCimages were evaluated by a validated qualitative
and quantitative assessment using standardised approach
stated per consensus by the EULAR SG MC/RD and the
Scleroderma Clinical Trial Consortium Group on Capil-
laroscopy.” 17 Retrospective analysis of all NVC images was
independently performed by two experts in the field of
NVC qualitative and semiquantitative assessment who had
no prior clinical information on the evaluated subjects.

Specific ‘scleroderma patterns’ (‘Early’, ‘Active’ an
‘Late’) and ‘scleroderma-like pattern’ were described
according to previous definitions.***

As for quantitative assessment, capillaries site-specific
diameters (arterial, apical, venous) were measured for
each image following a semiautomatic procedure. Specif-
ically, the operator manually measured the space between
the two parallel layers of the vessel wall, then the soft-
ware displayed the diameter in pm. The average capillary
diameter was calculated as the average of arterial, apical
and venous diameters. Accordingly, >30 pm dilated capil-
laries were defined as capillary with an average diameter
>30 pm (figure 1).

For the specific purpose of the study, the following
variables were recorded for each NVC analysis: (1) total
number of capillaries per linear mm, counted at distal
row and expressed as average on 16 images; (2) propor-
tion of >30 pm dilated capillaries, defined as the number
of >30 pm dilated capillaries per linear mm over the total
number of capillaries per linear mm, both expressed as

Non-specific dilations (>30 um)

Normal capillaries (<20 um)

)
Magnification 200x " University of Gengva Rheumatology | - v ‘

Figure 1 Nailfold videocapillaroscopic image of

a Raynaud’s phenomenon patient later developing
‘scleroderma pattern’ and SSc. Image shows both normal
capillaries (<20 um diameter) and non-specific dilations
(>30 um diameter). Acquired using VideoCap V.8.14, Ds
MediGroup at x200 magnification. SSc, systemic sclerosis.

average on 16 images, (3) site-specific (arterial, apical
and venous) and average diameter of the ‘most dilated
capillary’ (MDC) among all >30 pm dilated capillaries
for each image, expressed as average on 16 images, (4)
microhaemorrhages, counted as total number on 1 linear
mm and expressed as average on 16 images.” 7 *°

Finally, two NVCs from each patient were included in
the final analysis: (1) basal NVC: the first NVC showing
>30 pm dilated capillaries before the ‘scleroderma
pattern’ development/CTD diagnosis (in cases and
CTD controls, respectively) or the first available NVC
showing >30 pm dilated capillaries (in PRP controls);
(2) follow-up NVC: the first NVC since the ‘scleroderma
pattern’ development/CTD diagnosis (in cases and CTD
controls, respectively) or the last available NVC (in PRP
controls).

Sequential NVCs were analysed in cases and controls to
assess capillary dilations trend over time.

Statistical analysis

Categorical variables were reported with count and
percentages, continuous variables with median and
interquartile range (IQR). Kruskal-Wallis’s and Mann-
Whitney tests were used to detect parameter hetero-
geneity between patient groups and in head-to-head
comparisons, respectively.

A multivariable binomial logistic regression model was
designed to investigate potential associations between
‘scleroderma pattern’ development, assessing parame-
ters on basal NVC with the late development of SSc used
as dependent variable and all the reported NVC param-
eter at baseline used as independent variables.

With the exploratory aim of ranking the NVC param-
eters that could have a higher ‘scleroderma pattern’
discriminative capability, we also performed a bidi-
rectional stepwise selection of the logistic regression
model predictors and a recursive partitioning technique
assessing the optimal decision rules for clinical evolu-
tion classification using NVC basal parameters as starting
variables (where higher importance is represented by
the presence of a decision nodes closer to the tree-root)
(figure 2). Recursive partitioning results were presented
as both the optimal dichotomous variables cut-offs and
the final decision tree. To avoid overcomplexity the deci-
sion tree was limited to a maximum depth of two ramifi-
cations”’ (figure 2).

A p<0.05 was considered statistically significant. R-soft-
ware V.4.2.0 was used for all statistical analyses (with the
packages ‘rpart’ V.4.1.16, ‘rpart.plot’ V.3.1.0 and ‘caret’
V.6.0-92).

RESULTS

Demographic data and clinical features of the study
population are summarised in table 1. No significant
differences were observed in demographic data and
comorbidities between cases and controls.
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Figure 2 Decision tree of clinical evolution according

to baseline NVC parameters. In the recursive portioning
model, the optimal set of decision rules was limited to two
dichotomic variables, resulting in a maximum depth of two
ramifications. Image reports the set of decision rules who
were identified for each group. CTD, connective tissue
disease; ED, efferent (venous) diameter of the most dilated
capillary for each NVC images (calculated as average on 16
images); NDC, number of >30 pm dilated capillaries for linear
mm (calculated as average on 16 images); NVC, nailfold
videocapillaroscopy; PRP, primary Raynaud’s phenomenon;
SSc, systemic sclerosis.

As expected, RP duration (calculated as the time
interval between RP onset and the last NVC included
in the study) and NVC follow-up time was signifi-
cantly higher in controls. Consistently, basal NVC was
performed at a median time of 21 months (IQR 14-41),
43 months (22-122) and 84 months (IQR 48-192) from
RP onset in SSc, CTD and persistent PRP group, respec-
tively (table 1).

As for cases, diagnosis of both ‘scleroderma pattern’
and associated SSc were made after a median of 4 years
(IQR 2-8) from RP onset. Interestingly, the time-varying
transition from non-specific capillaroscopic abnormali-
ties to the ‘scleroderma pattern’ in patients then devel-
oping SSc, was observed in only a median 13 months
follow-up time (IQR 7-22). Specifically, 13 patients
(72%) developed an ‘Early’ ‘scleroderma pattern’, 1
patient developed an ‘Active’ ‘scleroderma pattern’ and
4 patients (22%) developed a ‘scleroderma-like pattern’
(data not shown).

Conversely, sequential NVC images performed in
controls during the follow-up, showed a stable ‘non-
scleroderma pattern’ over a median follow-up of 44
months (IQR 29-60) and 47 months (IQR 42-53),
respectively for CTD and PRP group (table 1).

Capillaroscopic parameters of sequential NVCs in the
study population are reported in tables 2 and 3. At basal
NVC, significant differences were observed in NVC anal-
ysed parameters among the study population. Of note,
in SSc group (cases) the amount of >30 pm dilated capil-
laries/linear mm—both in absolute number and propor-
tion—as well as the apical diameter of the MDC were
significantly higher than in control groups (p= <0.05 to
<0.001) and average diameter of the MDC was signifi-
cantly larger than in CTD controls (p<0.05). Collaterally,
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the MDC efferent (venous) branch diameter was signifi-
cantly larger in PRP controls than in cases (p<0.005)
(table 2).

Interestingly, during the follow-up, these differences
were reinforced, becoming statistically significant for
both total capillary number and all those parameters
related to capillary dilations (i.e., diameters and amount
per linear mm) (p=<0.01 to <0.001) (table 3).

Conversely, the number of microhaemorrhages did not
significantly differ between cases and controls either at
baseline NVC or during the follow-up (tables 2 and 3).

Of note, in the stepwise logistic regression analysis, the
absolute number of >30 pm dilated capillaries/linear
mm, was the only variable to be independently associated
with ‘scleroderma pattern’ development. Specifically,
for each increase in a single >30 pm dilated capillary for
linear mm, there was a 24% additional risk of evolution
towards the ‘scleroderma pattern’ (OR 1.24, 95% CI 1.17
to 1.32).

As for the number of microhaemorrhages, not any
significant association with the ‘scleroderma pattern’
development emerged from the univariate and multivari-
able analyses (data not shown).

Concerning serum SSc-related Absstatus, only anti-Scl70
Abs positivity was found to significantly correlate with the
number of >30 pm dilated capillaries/linear mm on basal
NVC (p<0.05) (data not shown).

Finally, a tree-based classification model was used to
identify the three groups of clinical evolution (SSc, CTD,
PRP) according to basal NVC parameters. Specifically,
the following set of decision rules were identified for each
group: (1) SSc: high number of >30 pm dilated capil-
laries (> 1.7 /mm); (2) CTD: mid-range number of >30
pm dilated capillaries (0.45-1.7/mm) OR low number of
30 pm dilated capillaries (<0.45/mm) and low efferent
(venous) branch diameter of MDC (<23 pm); (3) PRP:
low number of >30 pm dilated capillaries (<0.45/mm)
and low efferent (venous) branch diameter of MDC (>23
pm). Accordingly, a cut-off of 1.7 capillary dilations (ie,
>30 pm dilated capillaries) /linear mm could be inter-
preted as a predictive variable for ‘scleroderma pattern’
and SSc development with a positive predictive value
(PPV) of 75% (18 patients effectively developing SSc
out of 24 patients having >1.7 capillary dilations/mm).
Details on decision tree are presented in figure 2.

DISCUSSION

In this study, we found a statistically significant associa-
tion between NVC non-specific capillary dilations and
later ‘scleroderma pattern’ development. Specifically,
the number of >30 pm dilated capillaries per linear mm
proved to be a significant predictive factor for the evolu-
tion into a ‘scleroderma pattern’ and SSc.

Indeed, we demonstrated that each increase in a single
>30 pm dilated capillary for linear mm at NVC carries
an additional 24% risk of evolution towards the ‘sclero-
derma pattern’ (OR 1.24, 95% CI 1.17 to 1.32).
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Table 1 Demographics, comorbidities and therapies of the study population
Overall SSc PRP CTD
Variables (55) (18) (18) (19) p value*
Demographics and laboratory
Women, n (%) 2 (94.5) 18 (100.0) 16 (88.9) 8(94.7) 0.340
Age at first NVC, median (IQR), years 2 (38-63) 50 (38-63) 50 (40-59) 2 (40-64) 0.950
Age at RP onset, median (IQR), years 39 (25-52) 46 (33-55) 34 (24-48) 32 (20-49) 0.179
RP duration,t median (IQR), years 7 (4-15) 4 (2-8) 8 (4-17) 9 (6-18) 0.008
Time from RP onset to first NVC, median (IQR), months 46 (18-116) 21 (14-41) 84 (48-192) 43 (22-122) 0.008
NVC follow-up, median (IQR), months 7 (20-51) 3(7-22) 47 (42-53) 44 (29-60) <0.001
ANA positivity, n (%) 7 (67.3) 8 (100.0) 0(0.0) 19 (100.0)
SSc-related Abs positivity, n (%) 8 (32.7) 8(100.00 0(0.0) 0(0.0)
Comorbidities
Autoimmune thyroiditis, n (%) 5(9.1) 3(16.7) 0 (0.0 2(10.5)
Arterial hypertension, n (%) 16 (29.1) 4 (22.2) 8 (44.4) 4 (21.1)
Dyslipidaemia, n (%) 11 (20.0) 4 (22.2) 3(16.7) 4 (21.1)
Osteoporosis, n (%) 5(9.1) 2(11.1) 2(11.1) 1(5.3)
Neoplasms, n (%) 5(9.1) 2(11.1) 3(16.7) 0 (0.0)
Therapies
Aminaftone, n (%) 9(16.4) 4 (22.2) 5 (27.8) 0(0.0)
Pentoxyfilline, n (%) 4 (7.3) 1(5.6) 3(16.7) 0(0.0)
Acetylsalicylic acid, n (%) 20 (36.4) 9 (50.0) 5 (27.8) 6 (31.6)
Oral anticoagulant, n (%) 2 (3.6) 1(5.6) 0 (0.0 1(5.3)
Intravenous prostanoids, n (%) 11 (20.0) 7 (38.9) 2(11.1) 2 (10.5)
Endothelin receptor antagonist, n (%) 3 (5.5) 3(16.7) 0 (0.0 0(0.0)
Statins, n (%) 9 (16.4) 2(11.1) 3(16.7) 4(21.1)
Beta-blockers, n (%) 13 (23.6) 5(27.8) 3(16.7) 5 (26.3)
Calcium channel blockers, n (%) 12 (21.8) 4 (22.2) 6 (33.3) 2 (10.5)
ACE inhibitors/ARBs, n (%) 7(12.7) 2 (11.1) 4 (22.2) 1(5.3)
Diuretics, n (%) 9(16.4) 2(11.1) 3(16.7) 4 (21.1)
Glucocorticoids, n (%) 12 (21.8) 1(5.6) 0 (0.0) 11 (57.9)
Hydroxychloroquine, n (%) 8 (14.5) 1(5.6) 0(0.0) 7 (36.8)
Methotrexate, n (%) 3.6) 1(5.6) 0(0.0) 1(5.3)
Azathioprine, n (%) 3.6) 0(0.0) 0 (0.0 2 (10.5)
Mycophenolate mofetil, n (%) 5.5) 2(11.1) 0 (0.0 1(5.3)

*Reported p values are the result of Kruskal-Wallis’s test assessing heterogeneity between groups. Statistically significant p values are

indicated in bold type.
1Time between RP onset and last NVC.

FTime between baseline NVC and follow-up NVC, considered as the period of observation.
Abs, antibodies; ACE, angiotensin converting enzyme; ANA, anti-nuclear antibodies; ARBs, angiotensin Il receptor blockers; CTD,
connective tissue disease; IQR, interquartile range; NVC, Nailfold videocapillaroscopy; PRP, primary Raynaud’s phenomenon; RP, Raynaud’s

phenomenon; SSc, systemic sclerosis.

Additionally, we proposed a tree-based decision model
assessing total number of >30 pm dilated capillaries/
linear mm and efferent (venous) branch diameter of
the MDC on basal NVC as possible explanatory tool for
later clinical evolution (SSc vs non-SSc conditions). In
this model, a cut-off of 1.7 capillary dilations (i.e., >30
pm dilated capillaries)/linear mm was suggested as a

predictive variable for ‘scleroderma pattern’ and SSc
development (PPV 75%).

These results are consistent with existing literature,
that has suggested a pivotal role of capillary dilations in
SSc microvascular damage and its progression.”** ** %

In their seminal work, Koenig et al. already reported on
the predictive role of specific capillary dilations (at least
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Table 2 Capillaroscopic parameters on basal NVC in the study population

SSc PRP CTD p value*

(18) (18) (19) SScvs PRP SScvs CTD
Total n° of capillaries/linear mmt 7 (7-8) 8 (8-8) 8 (7-9) 0.289
median (IQR), n
Total n°® of >30 um dilated capillaries/linear mmtzt 3 (3-4) 0 (0-0) 2(1-2) <0.001 <0.001
median (IQR), n
Proportion of >30 pm dilated capillaries/linear mmtt 39 (34-50) 2 (1-3) 17 (9-25) <0.001 <0.001
median (IQR), %
Average diameter of the MDC+t 35 (33-37) 34 (32-35) 32 (28-33) 0.776 0.022
median (IQR), um
Arterial diameter of the MDCt 30 (27-33) 28 (27-31) 28 (22-30) 0.191
median (IQR), um
Apical diameter of the MDCt 44 (42-47) 38 (35-44) 40 (38-43)  0.001 0.016
median (IQR), ym
Venous diameter of the MDC+ 29 (26-32) 34 (31-38) 26 (22-29) 0.001 0.395
median (IQR), ym
Microhaemorrages/linear mmt 0 (0-1) 0 (0-2) 0 (0-0) 0.416

median (IQR), n

*Reported p values are the results of Kruskal-Wallis’s test or, if significant heterogeneity was detected, the results of head-to-head Mann-
Whitney test between groups. Statistically significant p values are indicated in bold type.

tCalculated as the average number on 16 images.

FMore than 30 um dilated capillaries are capillaries with average diameter >30 pm (average diameter is calculated as arterial+apical+venous
diameters/3).

CTD, connective tissue disease; IQR, interquartile range; MDC, most dilated capillary for each NVC image; NVC, nailfold videocapillaroscopy;
PRP, primary Raynaud’s phenomenon; SSc, systemic sclerosis.

Table 3 Capillaroscopic parameters on follow-up NVC in the study population

SSc PRP CTD

(18) (18) (19) p value*
Total number of capillaries/linear mmt 7 (6-8) 8 (8-9) 8 (8-9) 0.006
median (IQR), n
Total number of >30 um dilated capillaries/linear mmtf median (IQR), n 3 (2-4) 0 (0-0) 1(1-2) <0.001
Proportion of >30 uym dilated capillaries/ linear mmt# 44 (33-54) 1 (0-3) 13 (6-26) <0.001
median (IQR), %
Average diameter of the MDCT 43 (36-50) 33 (31-34) 30 (28-34) <0.001
median (IQR), pm
Arterial diameter of the MDC+t 41 (32-48) 28 (26-30) 27 (25-30) <0.001
median (IQR), pm
Apical diameter of the MDC+ 52 (45-56) 38 (37-40) 39 (36-42) <0.001
median (IQR), pm
Venous diameter of the MDC+ 38 (32-44) 33 (31-34) 27 (25-30) 0.001
median (IQR), pm
Microhaemorrages/linear mmt 0 (0-1) 0 (0-1) 0 (0-0) 0.347

median (IQR), n

*Reported p values are the results of Kruskal-Wallis’s test assessing heterogeneity between groups. Statistically significant p values are
indicated in bold type.

TExpressed as average number on 16 images.

F More than 30 pm dilated capillaries are capillaries with average diameter >30 pm (average diameter is calculated as arterial+apical+venous
diameters/3).

CTD, connective tissue disease; MDC, most dilated capillary for each NVC image; NVC, nailfold videocapillaroscopy; NVC, nailfold
videocapillaroscopy; PRP, primary Raynaud’s phenomenon; SSc, systemic sclerosis.

6 Pacini G, et al. RMD Open 2022;8:¢002449. doi:10.1136/rmdopen-2022-002449

1ybuAdoo Aq paiaalold eaouas Ip 1pms 116ap
BUSISAIUN - 0LLID0I(qIg BWSISIS 18 ZZ0Z ‘/ J9qWBAON U0 /w0 fwg uadopwiy//:dny woly papeojumod Zz0z 1aqualdas 8 uo 677200-220z-uadopwl/9eTT 0T St paysiignd sy :usdo ANy


http://rmdopen.bmj.com/

8 Connective tissue diseases

four times-normal loop dilation) for the ‘scleroderma
pattern’ development. However, this fundamental work
had significant methodological limitations—that is, the
use of widefield microscopy with limited magnification
analysis (8-50X).%*

More recently, Ingegnoli et al included NVC specific
capillary dimensional changes in the first prognostic
index (PRINCE index) to identify RP patients eventually
developing a scleroderma spectrum disorder (SSD).** In
this regard, it is interesting to observe that the PRINCE
index did not include non-specific dilations but just giant
capillaries—specific and pathognomonic features of the
‘scleroderma pattern’—as prognostic factors. This is
rather not surprising since non-specific dilations, given
their earlier presentation, may not achieve the statis-
tical power to predict SSDs, still they might be a reli-
able predictor only of subsequent ‘scleroderma pattern’
development, as suggested by the present work, thus
intercepting SSc damage at an earlier, preclinical stage.

Finally, recent findings from our group investigating
NVC non-specific abnormalities have proved a 30 pm
threshold value in average capillary dilations detected in
RP patients having a significant NPV for not developing
the ‘scleroderma pattern’ during the follow-up.*

The present work is, therefore, to be intended as a
more detailed investigation implementing the existing
literature and establishing for the first time the positive
predictive role of non-specific capillary dilations (>30 pm
dilated capillaries) for the ‘scleroderma pattern’ develop-
ment (cut-off of 1.7 capillary dilations/linear mm, PPV
75%).

Additionally, the tree-based decision model assessing
detailed NVC parameters on basal evaluation—that is,
total number of >30 pm dilated capillaries/linear mm
and efferent (venous) branch diameter of the MDC—
may be regarded as a possible further explanatory tool
to be better investigated for later clinical evolution of RP
patients.

The real interest of these preliminary data is also the
demonstration of the progressive homogeneous capil-
lary dilation involving all the capillary branches (classical
giant capillaries when >50 pm) in SSc-related microan-
giopathy, which is at first more evident at apical capil-
lary loop and then involves both the arterial and venous
branches. As matter of fact, capillaroscopic alterations
characterising the SSc-related ‘scleroderma pattern’
result from the microvascular damage evolving over time
and progressively determining the specific abnormalities,
makers of the pattern itself.* '

In strictly physiological terms, the apical capillary pres-
sure results from a balance between precapillary and post-
capillary resistance adjustments.” ** In PRP, physiological
regulatory mechanisms—as arteriolar vasoconstriction/
vasodilation and venular compliance adjustments—can
undergo functional alterations, resulting in increased
luminal pressure and capillary dilation, mainly involving
the apical loop.” * Conversely, in SSc microvascular
damage, the loss of capillary wall efficiency results from

a complex immunopathogenic network activation deter-
mining endothelial damage, perivascular inflammation
and profibrotic responses.”' **

Therefore, the progressive dilation with diffuse involve-
ment of the whole capillary loop might represent the
structural progressive alteration preceding the formation
of giant capillaries, established as pathognomonic NVC
markers for the ‘scleroderma pattern’.****

Incidentally, an increased likelihood of evolution to
SSc-related SRP in patients having capillary dilations on
baseline NVC had already been just suggested in our
previous work, although not formally supported by a
statistical significance at that time.*

Another important aspect emerging from this study is
the timing feature of SSc microvascular damage. Consis-
tently with previous literature, a relatively long-time lag
between RP onset and SSc diagnosis is confirmed in our
study population (median 4 years, IQR 2-8). However,
we observed a median transition time of only 13 months
(IQR 7, 22) from the first detection of >30 pm dilated
capillaries to the onset of a real ‘scleroderma pattern’.

Thus, given the significant predictive role of this latter
NVC parameter (>30 pm dilated capillaries), this time
interval could be of valuable clinical relevance, offering
a window of opportunity for diagnostic and early prog-
nostic intervention in a still preclinical—or ‘very early’—
phase of SSc disease, especially when associated with the
presence of immunological serum biomarkers, like auto-
antibodies (i.e., anti-Scl70 Abs positivity).

Of note and as expected, not any significant evolution
in non-specific NVC abnormalities was observed in PRP
controls nor in CTD controls after a considerably long
follow-up time (RP duration of 8 and 9 years and NVC
follow-up time of 47 and 44 months for PRP and CTD,
respectively; see table 1). These results reinforce previous
data published by our group suggesting the absence of
progression of microvascular damage during CTDs other
than SSc."” With respect to the different NVC follow-up
time in SSc patients compared with control groups, it is
worth noting that, NVC follow-up in cases was interrupted
at the first detection of ‘scleroderma pattern’, while in
controls only at the clinical diagnosis of disease (for CTD
group) or at the last available NVC (for PRP group) (see
the Methods section for details).

Concerning microhaemorrhages, no significant asso-
ciation with the ‘scleroderma pattern’ development
was found in this study. However, moving from previous
reports suggesting the role of microhaemorrhages in
predicting SSDs, as well as their important diagnostic
role for ‘scleroderma pattern’ definition, it could be of
great interest to reconsider this point in future larger
studies, possibly providing a validated quantitative
scoring system.

Regarding serum SSc-related Abs, the results from our
study reported asignificant correlation between anti-Scl70
Abs positivity and the number of >30 pm dilated capil-
laries for linear mm. That is rather not surprising since it
mirrors the previously reported association between the
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presence of microvascular damage and anti-Scl70 Abs
(immune system activation) with an higher risk of disease
progression.***

Collectively taken, these findings support the essential
role of NVC for properly approaching and managing RP
patients, together with a complete clinical evaluation and
laboratory assessment.*®

Particularly, capillaroscopic non-specific abnormalities
preceding the ‘scleroderma pattern’ seem to be a ‘very
early’ preclinical hallmark to be accurately detected and
monitored since they may represent potential precursor
signals of an incoming overt and progressive SSc-related
microangiopathy. That has a tremendous relevance since
a proper diagnosis of ‘very early’ SSc must necessarily be
made at a preclinical stage when organ involvement is
not yet established. In fact, as recently reported, patients
fulfilling the previously proposed criteria for the very
early diagnosis of SSc quite invariably already presented
clinical manifestation of the disease."

To our knowledge, this is the first study to show that
the number of >30 pm dilated capillaries/linear mm
is a significant predictive factor of evolution towards
‘scleroderma pattern’, thus being a warning flag in
those patients routinely assessed for RP in clinical prac-
tice. Additionally, we have first described the progressive
homogeneous capillary dilation in SSc-related microan-
giopathy that mirrors the evolving vascular damage, also
identifying capillaroscopic warning parameters for evolu-
tion from PRP to SSc-related SRP.

Nevertheless, some limitation of the study must be
mentioned.

First, this is a single-centre pilot study on a relatively
small patient population attending one referral institu-
tion. Of note, the extension of the study follow-up over
a 10-year period necessarily implied a reduced number
of patients having sufficient data for the correct analysis.
Still, the statistical analysis found a convincing signifi-
cance despite this sample size limitation.

Second, being an NVC-based study, only those patients
later developing a ‘scleroderma pattern’ among other
criteria for SSc diagnosis were included as cases.

Additionally, since the retrospective study covered
a 10-year time, some important clinical data—as clin-
ical features progressively associating to RP, therapeutic
interventions/ lifestyles/comorbidities—could have been
lost, possibly altering results interpretation. Similarly, the
follow-up period is different for each enrolled patient,
both in overall time and in timepoints of observation.

As for the tree-based classification model used in the
recursive portioning analysis, given its known vulnera-
bility to overfitting, it was aimed at explorative purpose
only. Confirmation of our findings with ensemble
methods, larger sample size and denser timepoints are
needed.

Finally, since this study has been conceived as a
logical evolution of our previous investigation (showing
the NPV of non-specific <30 pm capillary dilations for
‘scleroderma pattern’ development), only RP patients

with non-specific >30 pm capillary dilations on baseline
NVC were included. From a pathogenic point of view,
it could be reasonably assumed that even those PRP
patients having non-specific >30 pm capillary dilations
may evolve in SRP over a longer-term follow-up than that
evaluated in this study. Anyway, as previously reported
by our group, the NVC transition from PRP to SSc-
related RP could be observed even in a relatively short
time period (29.4+10 months).” Interestingly, this time
interval appears to be consistently shorter in our study,
showing a median transition time of 13 months from
non-specific >30 pm capillary dilations to SSc-related
NVC ‘scleroderma pattern’.

Nonetheless, this pilot capillaroscopic study may signifi-
cantly contribute to current understanding of SSc-related
and progressive microangiopathy.

In conclusion, this investigation showed that very early
and multiple (>1.7/linear mm) homogeneous NVC non-
specific capillary dilations>30 pm capillary dilations)
may contribute to identify RP patients who will develop a
‘scleroderma pattern’ within a relatively short follow-up
time.

Further investigation is needed to confirm these
preliminary original data in larger prospective studies,
paving the way for a possible earlier clinical approach
and a refined pathogenic insight into SSc disease.
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