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ABSTRACT

Introduction: Nailfold capillaroscopy (NC) is useful in the evaluation of Raynaud’s phenomenon, associ-
ated with some connective tissue diseases and in the follow-up of patients with systemic sclerosis. Our
study evaluates the impact of NC in the diagnosis, according to the reason for the request and profile of
autoantibodies in daily clinical practice.
Material and methods: All patients that undergone at least one NC between June 2012 and December
2017 were included. Clinical records were reviewed and analysed in a dichotomous way (yes/no), to see
whether the NC contributed to a change of diagnosis in subsequent consultations. In addition, demo-
graphic, clinical and laboratory data were collected, and the relationship with NC patterns evaluated.
Results: Of the 530 patients who had undergone at least one NC, 266 had Raynaud’s phenomenon as
primary indication for the technique. Of those, 20 patients (3.8%) had a diagnostic change in the post-
NC consultation; 15 were diagnosed with systemic sclerosis, 4 with undifferentiated connective tissue
disease and one with mixed connective tissue disease. All patients had, except for one patient diagnosed
with undifferentiated connective tissue disease, positive antinuclear antibodies titres, 11 of them had
disease specific antibodies (9 anti-centromere, one anti-Scl70 and other anti-RNPC). The positivity of
antinuclear antibodies titres was associated with a higher probability of presenting a scleroderma pattern
in the NC, and all patients with a specific rheumatological diagnosis had an abnormal NC.
Conclusion: NCis a useful technique, but with limited impact in the diagnosis of connective tissue diseases.
Autoantibody positivity is associated with a greater likelihood of presenting pathological NC patterns.
© 2019 Elsevier Espafia, S.L.U. and Sociedad Espafiola de Reumatologia y Colegio Mexicano de
Reumatologia. All rights reserved.
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Anticuerpos

Impacto clinico de la capilaroscopia periungueal en la practica clinica diaria

RESUMEN

Introduccion: La capilaroscopia periungueal (CP) es (til en la evaluacién del fendmeno de Raynaud tanto
primario como secundario, y en el seguimiento de los pacientes con esclerosis sistémica. Nuestro estudio
evalda el impacto de la CP en el diagnéstico, en funcién del motivo de solicitud y el perfil de autoantic-
uerpos en la practica clinica diaria.

Material y métodos: Se incluyeron todos los pacientes con al menos una CP entre junio de 2012y diciembre
de2017.Serevisaron las historias clinicas y se determiné de forma dicotémica (si/no) si la CP contribuyé al
diagnéstico realizado en la consulta posterior a la realizacién de la CP. Se recogieron datos demograficos,
clinicos y de laboratorio, motivo de solicitud de la CP y su relacién con los patrones CP.

Resultados: De 530 pacientes con una primera CP, 266 se realizaron como estudio de un fenémeno de
Raynaud. De estos, en 20 pacientes (3,8%) se realizé un diagndstico de enfermedad del tejido conectivo
en la consulta posterior a la CP; 15 fueron diagnosticados de esclerosis sistémica, 4 de conectivopatia
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indiferenciada y uno de enfermedad mixta. Salvo un paciente diagnosticado de conectivopatia indiferen-
ciada, el resto tenia anticuerpos antinucleares positivos y 11 de ellos, ademads, anticuerpos especificos (9
anticentrémero, uno anti-Scl70 y otro, anti-RNPC). La positividad de anticuerpos antinucleares se asocié
con una mayor probabilidad de presentar una CP de esclerodermia, y ningtin paciente diagnosticado de
una enfermedad reumatica tras la CP tenia un patrén normal.

Conclusion: La CP es una técnica 1til, pero con impacto limitado en el diagnéstico de enfermedades del
tejido conectivo. La positividad de los anticuerpos se relaciona con una mayor probabilidad de presentar

patrones patolégicos en la CP.

© 2019 Elsevier Espafia, S.L.U.

y Sociedad Espaiiola de Reumatologia y Colegio Mexicano de Reumatologia. Todos los derechos reservados.

Introduction

Nailfold capillaroscopy (NC) is a non-invasive imaging tech-
nique for observation of microcirculation at nail cuticle level.! Itis a
simple, safe, rapid and reproducible method and its interpretation
is reliable.? As a result of all of the above this imaging technique is
highly useful and greatly requested in clinical practice, particularly
for the diagnosis and follow-up of connective tissue diseases.

The main indication of NC is for the presence of a Raynaud
phenomenon (RP).2 RP is the clinical manifestation of an overem-
phasised vasoconstriction to cold or stress.* The presence of RP is
also frequent in systemic diseases of connective tissue, particularly
in systemic sclerosis (SS),” inflammatory myopathies® and mixed
connective tissue disease (MCTD). NC is useful in distinguishing a
primary RP, without any disease association and a secondary RP
which is connective tissue disease associated.

Several studies have revealed that a high percentage of patients
with RP and a capilaroscopic pattern of scleroderma will develop
SS after several months or years, whilst in patients with RP but with
no capilaroscopic alterations only 12.6% will subsequently develop
sclerodermia.’

It is not possible in any cases for us to establish a diagnosis of
progressive systemic scleroderma or any other disease on the basis
of RP and a certain scleroderma pattern, however apparent this may
be.?

The changes observed in the capillaries include changes to
capillary density; size and shape of capillaries; neoangiogenesis
phenomena and the presence of hemosiderin deposit by capil-
lary micro-haemorrhages. The exclusive differentiated patterns are
associated with SS but similar changes may be visible in other dis-
eases (for example inflammatory myopathies or MCTD).

The normal appearance of the nailbed has non dilated capil-
laries which are parallel to one another and perpendicular to the
nailbed, with 1-2 capillaries per papilla and in total 9-13 capillaries
per millimetre. A normal NC does not present with neoangiogene-
sis, micro-haemorrhages or mega-capillaries. The early scleroderma
pattern is characterised by the presence of capillary afferent and
efferent loop dilatations, in addition to mega-capillaries (>50 p.m),
with the maintenance of a normal capillary density and without
any micro-haemorrages.® The active scleroderma pattern is char-
acterised by the presence of capillary dilatations, neoangiogenesis
or avascular areas accompanied by capillary micro-haemorrhages.
The delayed scleroderma pattern is characterised by the presence of
mega-capillaries, reduction of capillary density, vascular areas and
neoangiogenesis.” The 4 previously described patterns are shown
in Fig. 1.

The capilaroscopic patterns of scleroderma have been related to
a higher risk of digital ulcers, pulmonary hypertension, interstitial
pneumopathy, and calcinosis in patients with SS.°-!! Since 2013,
the ACR/EULAR classification criteria include NC as an important
criteria in the detection of very early sclerosis, for its capacity to
show very early changes in the disease progression.'213 However,
its use in other connective tissue diseases remains controversial,

as occurs with systemic erythematosus lupus, dermatomyositis,
polymyositis, Sjogren’s syndrome, rheumatoid arthritis and ankilo-
sing spondylitis.6.141°

Due to all of this, NC is commonly requested in clinical prac-
tice, but its use has scarcely been studied in this area.!® Our study
assessed the impact of NC in diagnosis in daily clinical practice
according to the reason for the request and the autoantibody pro-
file.

Material and methods

This was a clinical, observational, longitudinal and descriptive
study. All patients with at least one NC between June 2012 and
December 2017 were included. The NC were carried out by 2
rheumatologists who were experts in the technique (MMA and JCN)
on a weekly basis with a video capillaroscopy of 220x magnifica-
tion (from 2012 to 2015 with USB microscopy and from 2016 to
2017 with Optopix). After each examination an electronic report
was issued with the description of findings and the conclusion with
a capilaroscopic pattern.

The possible NC patterns were as follows: (1) normal pattern,
with no changes; (2) pattern with slight non-specific changes,
undulations or other occasional variants to normality; (3) pat-
tern with moderate, non-specific changes, undulations in over
50% of capillaries and/or non pathological dilatations; (4) early
scleroderma patterns, active and delayed, according to EULAR
definitions.”

Clinical histories were reviewed and it was determined
dichotomically (yes or no) whether the diagnosis or systemic treat-
ment of the patient had changed in the later NC consultation. For
those patients who demonstrated a change diagnoses and treat-
ment changes were reported.

The reason for the request of the test was reported, together
with the original referral, and the diagnosis of the patient if they
had one, in addition to demographic data (age and sex), clinical data
(presence of RP and digital ulcers) and laboratory data (autoanti-
bodies). The study was approved by the ethical committee of our
hospital.

Frequency data were expressed in percentages and the con-
tinuous variables in mean and intrerquartile range. The Student’s
t-test or the Chi-square test was applied depending on group com-
parisons. The Chi-square test was used to determine p, since the
variables were qualitative.

Results

The number of examinations carried out on 535 patients was
734. Five patients were removed from the analysis because no
demographic or laboratory data was available for them. The rep-
etition of 2 or more NC occurred in 140 patients, 3 NC or more in
44 patients, 4 NC or more in 12 patients (all with SS)and 5 NCin 3
patients.
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Fig. 1. Examples of capillaroscopic patterns: pattern of normality (a), of early scleroderma with afferent and efferent capillary loop dilatations (b), of active scleroderma with
micro-haemorrhages (c) and of delayed scleroderma with avascular areas, dilatations and neoangiogenesis (d).

Table 1
Demographic patient data of patients who underwent at least one capillaroscopy.

Total (N=530)

Age (years), median and IQR 48 (36.8-60.4)

Sex (female), n (%) 469 (88.5)
Reason for request, n (%)
Raynaud phenomenon 266 (50.2)
Systemic connective tissue disease 211(39.8)
Others 56 (10)
Capillarscopy pattern, n (%)
Normal 172 (32.5)
Non-specific changes 260 (49.1)
Sclerodermia 93 (17.5)
Non assessable 4(.8)

IQR: interquartile range.

Table 1 shows the demographic data of the remaining 530
patients. Patients had been referred from rheumatology in 89.4%
of cases (474 patients), and the remaining 10.6% (56 patients) from
other specialties, mainly internal medicine (46 patients). The group
of patients with a systemic connective tissue disease included
people with systemic erythematous lupus, Sjégren’s syndrome,
inflammatory myopathies (dermatomyositis and polymyositis),
MCTD and undifferentiated connective tissue diseases. Of the 530
patients, a change in diagnosis occurred in posterior consultation
in 20 cases (3.8%) in those who requested the NC for RP.

The most common reason for request was RP (266 patients),
and the autoantibody profile (positive or negative antinuclear anti-
bodies [ANA]) distinguishes 2 different groups in relation to the
result of the NC and the changes in diagnosis. Table 2 contains the
characteristics of both groups. Out of the 20 patients with RP and
changes in diagnosis, 15 were diagnosed with SS, 4 with connective
tissue diseases and one with MCTD. Of these, all except one patient
had positive ANA and 11 of them had specific antibodies (9 anticen-
tromere, one anti-Scl70 and another anti-RNPC). The capilaroscopic
patterns of the patients with changes to diagnosis were: 12 patients

(51.7%) with a scleroderma pattern, 8 patients (48.3%) with non-
specific changes and no patients with normal NC. The positivity of
ANA was associated with a higher probability of presenting with a
capillaroscopy scleroderma pattern (P<.001). All the patients who
had been diagnosed with sclerosis met with the ACR/EULAR 2013
classification criteria.'?

Discussion

NC is a highly requested imaging technique in clinical practice
for the study of RP and connective tissue diseases. Despite most
of the results being normal or non-specific, the presence of patho-
logical patterns may impact the decision-making of diagnosis and
treatment. In our study, the negativity of the ANA was related to
normal capillaroscopy or non-specific capillaroscopy in the great
majority of patients and consequently with no changes to diagnosis
of rheumatoid diseases.

NC is highly useful in the diagnosis and follow-up of SS but its
use in other connective tissue diseases is controversial. However,
there are many requests for capillarsocopy for patients with other
rheumatoid diagnoses where a request is made to assess an RP.
It has been proven that non pathological capillaroscopy together
with negativity of autoantibodies has a high predictive negative
value leading to the ruling out of a systemic disease and our results
are consequently consistent with this.!”

NC should be interpreted jointly with the results of autoimmu-
nity and on occasions it is necessary to have a gradual follow-up
to determine the capilaroscopic change over time, particularly in
those patients with positive ANA.!819 In our study, the positive
ANA were more greatly associated with the presence of a sclero-
derma pattern, which helped in diagnosing SS in 3 out of every 4
patients with pathological NC (P<.001). Furthermore, patients for
whom more than 3 NC were requested were those who had been
diagnosed with sclerosis, with 3 normal NC or non-specific NC being
sufficient to rule out rheumatoid disease. The basic RP study should
therefore include autoimmunity analysis and a NC.13
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Table 2
Patients with capillaroscopy requested due to Raynaud phenomenon according to the positivity of antinuclear antibodies.
Total (N=266) ANA+ (n=102) ANA- (n=164) P
Age (years), median and IQR 46.9 (32.8-59.9) 48.6 (36.7-63.7) 45.3(31.7-57.1) .068
Sex (female), n (%) 236 (88.7) 98 (96.1) 138 (84.1) .002
Pattern of capillaroscopy
Normal or non-specific 242 (91) 84 (82.4) 158 (96.3) .19
Sclerodermia 21(7.9) 18 (17.6) 3(1.8) <.001
Non assessable 2(1.1) 0 2(1.9) NA

ANA: antinuclear antibodies; NA: not applicable; IQR: interquartile range.

Table 3
Calculation of the positive and negative predictive values of the capillaroscopy per-
formed in patients with Raynaud phenomenon (N =266).

Scleroderma No scleroderma
Pathological NC+ANA+ 18 3
Normal NC + ANA— 0 158
ANA: antinuclear antibodies; NC: nailfold capillaroscopy.
VPP: .85.
VPN: 1.

Table 2 reflects those patients who underwent a NC with a pre-
vious diagnosis of RP, among whom there were 11 patients who did
not have an ANA determination. This was due to the fact that most
of the patients who undergo NC had the request for it made during
their first visit, and this was performed prior to the determination
of autoantibodies.

Changes in the NC have been shown to relate to greater involve-
ment of organs and have a predictive value regarding disease
progression.”%-22 Early detection of changes in NC may help us
to take different therapeutic decisions which in some cases may
change the course of the disease. Table 3 calculates the positive and
negative predictive value for the diagnosis of sclerosis in patients
with RP and a pathological NC with positive ANA versus normal NC
with negative ANA. These data are close to those published in the
literature.2324

Our study has certain limitations that need mentioning. The
descriptive and observational nature of the study suffers from the
usual limitations: unavailable data, patient selection bias, etc. How-
ever, this is a normal reality in clinical practice which may be
comparable to that occurring in other centres of rheumatology with
their own capillaroscopy scheduling. The lack of progressive data
impedes capillaroscopic pattern developmental analysis in patients
with an initial normal or non-specific NC and positive autoantibod-
ies, which would be of great interest for capillaroscopic follow-up.
However, this aspect has been described in other studies, with
the involvement of autoantibodies leading to greater probability
of progression in the NC pattern.'819

Internationally accepted capilaroscopic patterns are the 3 scle-
roderma ones (early, active and delayed) and the normal pattern.
It is however common for patients to present with non-specific
changes which do not completely match any of the previous pat-
terns. In an arbitrary way, in our centre we decided to classify this
type of pattern with non-specific changes and to graduate them
according to their severity into mild and moderate. We are aware
that this is a subjective graduation and a limitation of our study.

Conclusions

To conclude, NC is a highly requested technique in clinical prac-
tice, with a limited impact on diagnosis. It enables rheumatoid
disease to be ruled out in the presence of negative ANA and normal
NC, although further studies are required to sustain this statement.

Conflict of interests

The authors have no conflict of interests to declare.

References

1

1

1

1

1

1

1

1

2

1. Cutolo M, Smith V. State of the art on nailfold capillaroscopy: a reliable diag-
nostic tool and putative biomarker in rheumatology? Rheumatology (Oxford).
2013;52:1933-40.

2. Rodriguez-Reyna TS, Bertolazzi C, Vargas-Guerrero A, Gutiérrez M, Hernandez-
Molina G, Audisio M, et al. Can nailfold videocapillaroscopy images be
interpreted reliably by different observers? Results of an inter-reader and intra-
reader exercise among rheumatologists with different experience in this field.
Clin Rheumatol. 2018;38:205-10.

3. Cutolo M, Grassi W, Cerinic MM. Raynaud’s phenomenon and the role of capil-
laroscopy. Arthritis Rheum. 2003;48:3023-30.

4. Herrick AL. The pathogenesis, diagnosis and treatment of Raynaud phenomenon.
Nat Rev Rheumatol. 2012;8:469-79.

5. Ingegnoli F, Ardoino I, Boracchi P, Cutolo M, Airo P, Ananieva LP, et al. Nailfold
capillaroscopy in systemic sclerosis: data from the EULAR scleroderma trials and
research (EUSTAR) database. Microvasc Res. 2013;89:122-8.

6. Bertolazzi C, Cutolo M, Smith V, Gutierrez M. State of the art on nailfold
capillaroscopy in dermatomyositis and polymyositis. Semin Arthritis Rheum.
2017;47:432-44.

7. Spencer-Green G. Outcomes in primary Raynaud phenomenon: a metaanalysis
of the frequency, rates, and predictors of transition to secondary disease. Arch
Inter Med. 1998;158:595-600.

8. Juanola X, Sirvent E, Reina D. Capillaroscopy in rheumatology units. Uses and
applications. Rev Esp Reumatol. 2004;31:514-20.

9. Paxton D, Pauling JD. Does nailfold capillaroscopy help predict future outcomes
in systemic sclerosis? A systematic literature review. Semin Arthritis Rheum.
2018;48:482-94.

0. Smith V, Decuman S, Sulli A, Benroy C, Piettte Y, Deschepper E, et al. Do
worsening scleroderma capillaroscopic patterns predict future severe organ
involvement? A pilot study. Ann Rheum Dis. 2012;71:1636-9.

1. MaricqHR, Spencer-Green G, LeRoy EC. Skin capillary abnormalities as indicators
of organ involvement in scleroderma (systemic sclerosis), Raynaud’s syndrome
and dermatomyositis. Am ] Med. 1976;61:862-70.

2. Van den Hoogen F, Khanna D, Fransen ], Johnson SR, Baron M, Tyndall A,
et al. 2013 classification criteria for systemic sclerosis: an American College of
Rheumatology/European League Against Rheumatism collaborative initiative.
Ann Rheum Dis. 2013;72:1747-55.

3. Bellando-Randone S, Matucci-Cerinic M. From Raynaud’s phenomenon to very
early diagnosis of systemic sclerosis — the VEDOSS approach. Curr Rheumatol
Rev. 2013;9:245-8.

4. SagS$,Sag MS, Tekeoglu [, Kamanli A, Nas K, Aydin Y. Nailfold videocapillaroscopy
results in patients with rheumatoid arthritis. Clin Rheumatol. 2017;36:1969-74.

5. Cutolo M, Melsens K, Wijnant S, Ingegnoli F, Thevissen K, de Keyser F, et al.
Nailfold capillaroscopy in systemic lupus erythematosus: a systematic review
and critical appraisal. Autoimmun Rev. 2018;17:344-52.

6. Baresi¢ M, Anic B. Capillaroscopy in rheumatological practice — one center expe-
rience. Lijec Vjesn. 2014;136:28-32 [in Croatian].

7. Ingegnoli F, Boracchi P, Gualtierotti R, Biganzoli EM, Zeni S, Lubatti C, et al.
Improving outcome prediction of systemic sclerosis from isolated Raynaud’s
phenomenon: role of autoantibodies and nail-fold capillaroscopy. Rheumatol-
ogy (Oxford). 2010;49:797-805.

8. Sulli A, Pizzorni C, Smith V, Zampogna G, Ravera F, Cutolo M. Timing of tran-
sition between capillaroscopic patterns in systemic sclerosis. Arthritis Rheum.
2012;64:821-5.

9. Sulli A, Ruaro B, Smith V, Pizzorni C, Zampogna G, Gallo M, et al. Progression
of nailfold microvascular damage and antinuclear antibody pattern in systemic
sclerosis. ] Rheumatol. 2013;40:634-9.

0. Ingegnoli F, Ardoino I, Boracchi P, Cutolo M, Aird P, Ananieva LP, et al.
Nailfold capillaroscopy in systemic sclerosis: data from the EULAR sclero-
derma trials and research (EUSTAR) database. Microvasc Res. 2013;89:122-8,
http://dx.doi.org/10.1016/j.mvr.2013.06.003.

21. Caramaschi P, Canestrini S, Martinelli N, Volpe A, Pieropan S, Ferrari M,

et al. Scleroderma patients nailfold videocapillaroscopic patterns are associ-


http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0125
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0125
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0125
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0125
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0125
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0125
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0125
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0125
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0125
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0125
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0125
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0125
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0125
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0125
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0125
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0125
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0125
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0125
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0125
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0125
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0125
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0125
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0125
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0125
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0125
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0125
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0130
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0130
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0130
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0130
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0130
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0130
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0130
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0130
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0130
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0130
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0130
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0130
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0130
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0130
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0130
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0130
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0130
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0130
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0130
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0130
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0130
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0130
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0130
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0130
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0130
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0130
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0130
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0130
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0130
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0130
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0130
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0130
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0130
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0130
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0130
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0130
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0130
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0130
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0130
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0130
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0130
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0130
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0130
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0130
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0130
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0130
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0135
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0135
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0135
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0135
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0135
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0135
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0135
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0135
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0135
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0135
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0135
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0135
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0135
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0135
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0135
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0135
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0135
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0135
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0135
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0140
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0140
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0140
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0140
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0140
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0140
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0140
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0140
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0140
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0140
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0140
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0140
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0140
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0140
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0140
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0140
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0145
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0145
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0145
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0145
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0145
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0145
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0145
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0145
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0145
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0145
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0145
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0145
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0145
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0145
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0145
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0145
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0145
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0145
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0145
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0145
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0145
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0145
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0145
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0145
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0145
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0145
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0145
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0145
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0145
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0145
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0145
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0145
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0145
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0145
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0150
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0150
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0150
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0150
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0150
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0150
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0150
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0150
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0150
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0150
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0150
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0150
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0150
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0150
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0150
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0150
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0150
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0150
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0150
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0150
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0150
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0150
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0150
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0150
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0150
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0155
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0155
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0155
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0155
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0155
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0155
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0155
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0155
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0155
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0155
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0155
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0155
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0155
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0155
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0155
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0155
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0155
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0155
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0155
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0155
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0155
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0155
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0155
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0155
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0155
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0155
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0160
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0160
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0160
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0160
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0160
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0160
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0160
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0160
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0160
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0160
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0160
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0160
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0160
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0160
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0160
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0160
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0160
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0160
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0160
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0165
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0165
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0165
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0165
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0165
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0165
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0165
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0165
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0165
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0165
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0165
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0165
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0165
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0165
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0165
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0165
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0165
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0165
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0165
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0165
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0165
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0165
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0165
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0165
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0170
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0170
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0170
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0170
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0170
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0170
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0170
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0170
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0170
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0170
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0170
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0170
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0170
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0170
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0170
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0170
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0170
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0170
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0170
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0170
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0170
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0170
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0170
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0170
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0170
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0170
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0170
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0170
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0170
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0170
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0170
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0170
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0170
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0175
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0175
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0175
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0175
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0175
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0175
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0175
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0175
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0175
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0175
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0175
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0175
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0175
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0175
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0175
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0175
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0175
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0175
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0175
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0175
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0175
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0175
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0175
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0175
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0175
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0175
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0175
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0175
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0180
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0180
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0180
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0180
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0180
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0180
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0180
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0180
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0180
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0180
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0180
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0180
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0180
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0180
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0180
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0180
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0180
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0180
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0180
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0180
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0180
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0180
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0180
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0180
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0180
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0180
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0180
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0180
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0180
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0180
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0180
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0180
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0180
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0180
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0180
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0180
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0180
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0180
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0185
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0185
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0185
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0185
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0185
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0185
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0185
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0185
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0185
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0185
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0185
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0185
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0185
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0185
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0185
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0185
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0185
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0185
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0185
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0185
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0185
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0185
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0185
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0185
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0190
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0190
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0190
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0190
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0190
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0190
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0190
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0190
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0190
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0190
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0190
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0190
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0190
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0190
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0190
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0190
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0190
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0190
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0190
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0190
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0190
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0190
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0190
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0190
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0190
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0195
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0195
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0195
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0195
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0195
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0195
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0195
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0195
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0195
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0195
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0195
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0195
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0195
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0195
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0195
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0195
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0195
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0195
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0195
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0195
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0195
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0195
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0195
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0195
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0195
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0195
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0195
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0195
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0195
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0195
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0195
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0195
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0200
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0200
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0200
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0200
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0200
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0200
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0200
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0200
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0200
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0200
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0200
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0200
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0200
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0200
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0200
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0200
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0200
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0200
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0200
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0200
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0200
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0200
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0200
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0200
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0205
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0205
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0205
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0205
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0205
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0205
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0205
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0205
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0205
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0205
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0205
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0205
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0205
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0205
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0205
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0205
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0205
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0205
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0205
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0205
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0205
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0205
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0205
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0205
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0205
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0205
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0205
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0205
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0205
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0205
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0205
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0205
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0205
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0205
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0205
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0205
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0210
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0210
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0210
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0210
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0210
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0210
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0210
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0210
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0210
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0210
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0210
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0210
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0210
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0210
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0210
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0210
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0210
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0210
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0210
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0210
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0210
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0210
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0210
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0210
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0210
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0210
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0210
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0215
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0215
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0215
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0215
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0215
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0215
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0215
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0215
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0215
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0215
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0215
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0215
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0215
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0215
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0215
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0215
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0215
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0215
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0215
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0215
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0215
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0215
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0215
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0215
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0215
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0215
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0215
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0215
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0215
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0215
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0215
dx.doi.org/10.1016/j.mvr.2013.06.003

262

22.

23.

L.A. Torrens Cid et al. / Reumatol Clin. (2021);17(5):258-262

ated with disease subset and disease severity. Rheumatology. 2007;46:1566-9,
http://dx.doi.org/10.1093/rheumatology/kem190.

Hofstee HM, vonk Noordegraaf A, Voskuyl AE, Dijkmans BB, Postmus PE, Smul-
ders YM, et al. Nailfold capillary density is associated with the presence and
severity of pulmonary arterial hypertension in systemic sclerosis. Ann Rheum
Dis. 2009;68:191-5, http://dx.doi.org/10.1136/ard.2007.087353.

Bissell LA, Abignano G, Emery P, del Galdo F, Buch MH. Absence of scleroderma
pattern at nail fold capillaroscopy valuable in the exclusion of scleroderma in

24.

unselected patients with Raynaud’s phenomenon. BMC Musculoskelet Disord.
2016;17:342.

Pavlov-Dolijanovic S, Damjanov NS, Stojanovic RM, Vujasinovic Stupar NZ,
Stanisavljevic DM. Scleroderma pattern of nailfold capillary changes as pre-
dictive value for the development of a connective tissue disease: a follow-up
study of 3,029 patients with primary Raynaud’s phenomenon. Rheumatol Int.
2012;32:3039.


dx.doi.org/10.1093/rheumatology/kem190
dx.doi.org/10.1136/ard.2007.087353
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0235
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0235
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0235
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0235
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0235
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0235
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0235
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0235
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0235
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0235
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0235
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0235
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0235
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0235
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0235
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0235
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0235
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0235
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0235
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0235
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0235
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0235
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0235
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0235
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0235
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0235
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0235
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0235
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0235
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0235
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0235
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0235
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0235
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0235
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0235
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0240
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0240
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0240
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0240
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0240
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0240
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0240
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0240
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0240
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0240
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0240
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0240
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0240
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0240
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0240
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0240
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0240
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0240
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0240
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0240
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0240
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0240
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0240
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0240
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0240
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0240
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0240
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0240
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0240
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0240
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0240
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0240
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0240
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0240
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0240
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0240
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0240
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0240
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0240
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0240
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0240
http://refhub.elsevier.com/S2173-5743(20)30041-1/sbref0240

	Clinical impact of nailfold capillaroscopy in daily clinical practice
	Introduction
	Material and methods
	Results
	Discussion
	Conclusions
	Conflict of interests
	References


