Hand ultrasound for the diagnosis of scleroderma:
a scoring strategy including US items and items
from the EULAR/ACR classification
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ABSTRACT

Objective. To evaluate the diagnostic
value of hand ultrasound (US) in systemic
sclerosis (SSc) and to explore its relevance
within a combined diagnostic approach.
Methods. 224 patients with suspected
SSc were consecutively included. They
all had US evaluation assessing the
presence of fibrotic tenosynovitis (fib-
rotic TS) and ulnar artery occlusion
(UAO). The final diagnosis of SSc was
based on the clinical evaluation of a
board of experts independently of any
pre-established classification criteria.
Results. 166 patients were finally diag-
nosed as SSc according to the experts
as reference standard. 62 SSc and 8
non-SSc patients had UAO (uni or bi-
lateral) (p=0.001). 23 SSc patients
and 1 non-SSc patient had US fibrotic
TS (p=0.007). A US SSc-pattern (pres-
ence of UAO and/or fibrotic TS) was re-
ported in 73 SSc patients and 9 non-SSc
patients (p<0.001). UAO had an area
under ROC curve (AUC) for the diag-
nosis of SSc of 0.618 (95%CI 0.539-
0.697); with Se=0.373 (0.304-0.449)
and Sp=0.862 (0.751-0.928). Fibrotic
TS had an AUC of 0.561 (0.480-0.643);
with  Se=0.139 (0.094-0.199) and
Sp=0.983 (0.909-0.997). The US-SSc
pattern had a AUC of 0.641 (0.563—
0.695), with Se=0.440 (0.367-0.516)
and Sp=0.845 (0.731-0.916). A scoring
system including these US parameters
and items from ACR/EULAR classi-
fication criteria had an AUC of 0.979
(0.962-0.996)) and allows the substi-
tution of capillaroscopy by US para-
meters with similar performances.
Conclusion. The use of hand US pa-
rameters may help to refine the diagnos-
tic strategy of SSc and their inclusion in
a combined diagnostic approach could
be discussed.

Introduction

Systemic sclerosis (SSc) is a rare auto-
immune disorder characterised by vas-
cular hyper-reactivity and fibrosis of
skin and internal organs (1). There is a
high clinical heterogeneity among SSc
patients and various phenotypes are
described, based on visceral involve-
ment or skin fibrosis extent, with dif-
ferent prognosis (2). The classification
criteria defined by EULAR and ACR
in 2013 attempt to cover this hetero-
geneity of the disease and include both
clinical parameters and radiological/
paraclinical findings (interstitial lung
disease (ILD) and/or pulmonary arteri-
al hypertension (PAH), capillaroscopic
features, antibody status) (3). Taken
separately the items of this classifica-
tion have disappointing diagnostic per-
formances. To date, neither ACR nor
EULAR recommend the use of these
classification criteria as diagnostic
criteria, considering that classification
criteria are designed for the selection
of a homogeneous population of pa-
tients for clinical trials whereas diag-
nostic criteria try to capture the highest
number of patients with the suspected
disease, reflecting the entire spectrum
of the condition (4). Nonetheless, con-
sidering that there are no consensual
international diagnostic criteria for SSc
in daily practice, the combination of
clinical parameters and radiological/
paraclinical items within the ACR/EU-
LAR classification shows good diag-
nostic performances and some authors
suggest that this classification could
serve as a guide to help clinician for
the diagnosis (3,5), although the final
diagnosis would still rely on clinicians’
expertise, since these classification cri-
teria were not initially designed for di-
agnostic purposes.
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The hand is almost always affected
by the disease and five items included
in this 2013 ACR/EULAR classifica-
tion criteria are related to hand. Recent
studies have highlighted that ultrasound
(US) examination could offer a better
assessment of hand manifestations of
the disease (6-17). Indeed, US allows
a simultaneous evaluation of vascular,
fibrotic and inflammatory hand features
of the disease, capturing all pathologic
aspects of the disease in a single exami-
nation. Doppler US can indeed explore
macrovascular involvement character-
ised by an obliteration of digital arter-
ies or ulnar arteries (9, 10, 13). Ulnar
artery occlusion (UAO) is especially
frequent in SSc patients and could be
a relevant marker of the severity of
SSc-associated vasculopathy (7, 9, 10).
Among other hand manifestations of
the disease, US evaluation can also ex-
plore tenosynovial involvement such as
inflammatory and fibrotic tenosynovitis
(11). Although inflammatory synovitis
or tenosynovitis are not specific to SSc,
fibrotic tenosynovitis (TS), character-
ised by a US concentric alternation, of
iso- and/or hyperechoic layers and re-
flecting a fibrosis of paratendinous tis-
sues, are considered to be SSc-specific.
There is growing interest in the use of
US in rheumatology and exploring the
relevance of including this device in the
diagnostic strategy of SSc is therefore
mandatory. The 2013 ACR/EULAR
classification criteria for SSc do not
include any US parameters (3). The
diagnostic performances of US param-
eters have been poorly studied to date
in large populations of suspected-SSc
patients. Therefore, the objective of this
study was to evaluate and discuss the
diagnostic value of hand US param-
eters and to explore their relevance for
a combined diagnostic approach.

Methods

Patients

Two hundred and twenty-four patients
(n=224) were referred to the Rheu-
matology or Internal Medicine de-
partments for suspected SSc/SSc-like
disorder by their routine practitioner
(general practitioner, first-line rheu-
matologist, internal medicine specialist
or dermatologist), were consecutively
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included in this single-centre observa-
tional cross-sectional study (inclusions
from March 2011 to October 2018). Pa-
tients with suspected overlap syndrome
could be included. All patients benefit-
ed from global clinical assessment and
visceral evaluations according to daily
practice (18). All patients also had US
evaluation of the hand, performed by
the same evaluator (GCo, 5 years of
US practice in 2011, blinded from the
results of clinical and paraclinical in-
vestigations and for the conclusion of
the expert for the diagnosis of SSc).
The ethics committee of Rennes Hos-
pital approved this observational study
(approvals 14.53 and 15.09). The study
complied with the recommendations
of the Declaration of Helsinki. All pa-
tients gave their informed consent prior
to investigations.

US evaluation and US outcomes

Hand US evaluation was performed as
previously described (6, 10, 11). UAO
and fibrotic TS were evaluated by a
same examiner in all patients (Supple-
mentary Fig. S1). Our US protocol is
fully described in the Supplementary
file (US protocol section)

Diagnosis of SSc

For the analysis of the diagnostic accu-
racy of the 2013 ACR/EULAR classifi-
cation criteria for SSc, and the diagnos-
tic value of US parameters, the refer-
ence standard was a clinical diagnosis
of SSc according to a board of experts
blinded from the results of US evalua-
tion. A first expert reviewed all cases
and proposed a conclusion regarding
SSc diagnosis, (AL, 10 years of experi-
ence in SSc diagnosis in 2018) based
on the evaluation of 34 parameters.
Patients were also evaluated and dis-
cussed by two other experts (CC & PJ;
25 years of experience in SSc diagnosis
in 2018), also blinded from the results
of US evaluation, independently of the
first expert. In case of inconsistency,
a consensus was reached after discus-
sion, supervised by a fourth investiga-
tor (MdSR). According to this strat-
egy, patients were classified as “SSc
patient” or “other diagnosis than SSc”
blinded from the results of US evalua-
tion, and expert decision was not based

on any US parameter. Importantly, the
expert did not calculate 2013 ACR/EU-
LAR score to give its final diagnostic
decision and the expert diagnosis was
therefore only based on his own expe-
rience in SSc and not on the result of
the total score of 2013 ACR/EULAR
classification criteria (3). The total
score of the 2013 ACR/EULAR clas-
sification criteria was separately calcu-
lated for all patients as well as the 1980
ACR classification criteria for SSc and
patients were classified according to
Leroy’s classification by an independ-
ent investigator (19-21).

This evaluation strategy is in accord-
ance with the STARD strategy (22) and
in accordance with the methodology of
previous studies evaluating the involve-
ment of US parameters in the diagnos-
tic strategy of systemic diseases such as
US evaluation of major salivary glands
in primary Sjogren’s syndrome (23).

Statistical analyses

We performed all tests with a signifi-
cance level of p<0.05. Statistical analy-
ses are fully described in the supplemen-
tary data (section “Statistical analyses”).

Combination of US parameters and
items from the 2013 EULAR/ACR
classification for a combined
diagnostic approach

In order to propose a combined diag-
nostic approach including US param-
eters (UAO; Fibrotic TS) and items
derived from the 2013 EULAR/ACR
classification, we evaluated the associ-
ation of US findings with a 2013 ACR/
EULAR score >9 and then determined
if these parameters were statistically
independently of the other items of the
2013 ACR/ EULAR classification us-
ing multivariable stepwise logistic re-
gression models (3, 24). The weight of
UAO and fibrotic TS was determined
according to the value of the LR+ in
these logistic regression models, con-
sidering UAO and fibrotic TS sepa-
rately in a first model and the associa-
tion of these parameters as a “US-SSc
pattern” in a second model. In a prag-
matic approach, we also analyse the
diagnostic performances of our scoring
strategy when capillaroscopic findings
were suppressed, in order to assess
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Table I. Characteristics of the 224 patients (SSc and controls).

SSc Controls OR (95%CI) P
n (%) n (%)
General parameters
n 166 (74.1) 58 (25.9)
age (years) * 60.5 (52-69.5) 54.0 (43-62) NA 0.001
Female 127 (76.5) 43 (74.1) - 023
Current smoker 34/149 (22.8) 12/55 (21.8) - 0.88
No smoking ever 77/149 (51.7) 25/55 (45.5) - 043
Disease duration since RP* 10.0 (4.0-20.0) 4.5 (1.0-9.75) NA 0.002
Clinical parameters
Raynaud’s phenomenon 165 (99.4) 40 (70.0) 5.13 (3.88-6.77) <0.001
Telangiectasia 107 (65.2) 4 (6.9) 25.3 (8.73-73.5) <0.001
Abnormal capillaroscopic pattern 116/127 (91.3) 13/42 (31.0) 23.5(9.56-57.9) <0.001
Puffy fingers 40 (24.1) 11 (19.0) - 040
Sclerodactyly 114 (68.7) 3 (5.2) 41.8 (12.5-140) <0.001
Proximal scleroderma 44 (26.5) 0 +0 <0.001
Modified Rodnan skin score? 5.0 (3.0-38.0) 0.0 (0.0-0.0) NA <0.001
History of digital ulcers 77 (46.4) 6 (10.3) 7.58 (3.09-18.6) <0.001
Calinosis on X-Rays 72 (43.4) 1 (1.7) 40.7 (5.48-302) <0.001
Reflux 102 (61.4) 12 (22.4) 5.70 (2.85-11.4) <0.001
PAH 19 (11.4) 0 +% 0.016
ILD 65 (39.2) 3 (5.2) 9.32 (2.77-31.3) <0.001
History of scleroderma renal crisis 5 (<1) 0 - 0.33
Auto-antibodies
ANA 158 (95.2) 34 (58.6) 12.0 (4.63-30.8) <0.001
Anti-centromere 78 (47.0) 11 (19.0) 3.38 (1.63-7.03) 0.001
Anti-topoisomerase [ 45 (27.1) 3 (5.2 6.18 (1.83-20.9) 0.001
Anti-RNA-polymerase-IIT 7 (4.2) 1 (1.7) - 0.68
Other autoantibodies
Power Doppler US
UAO (uni- or bilateral) 62 (37.3) 8 (13.8) 3.73 (1.66-8.38) 0.001
UAO (bilateral) 41 (24.7) 4 (6.9) 443 (1.51-13.0) 0.004
Fibrotic tenosynovitis (TS) 23 (13.9) 1 (1.7) 9.17 (1.21-69.5) 0.007
UAO or fibrotic TS = scleroderma US pattern 73 (44.0) 9 (15.5) 4.27 (1.97-9.27) <0.001
Classifications
ACR/EULAR 2013 157 (94.6) 3 (52) 319.8 (84-1224) <0.001
ACR 1980 98 (59.0) 0 +% <0.001
Leroy 1¢SSc 122 (73.5) 6 (10.3) 27.8 (8.34-92.5) <0.001
Leroy dSSc 44 (26.5) 0 +00 <0.001

*median (IQR); NA: non-applicable. SSc: systemic sclerosis; RP: Raynaud’s phenomenon ; PAH: pulmonary arterial hypertension; ILD: interstitial lung dis-
ease on last computed tomography evaluation; UAO: ulnar artery occlusion; TS: tenosynovitis; 1cSSc: limited cutaneous SSc; dSSc: diffuse cutaneous SSc.

the relevance of our scoring strategy
without this item evaluating vascular
involvement and to test the place of US
parameters in comparison with other
diagnostic devices used for SSc.

Results

Characteristics of SSc¢ and non-SSc
patients, classified according to experts
Two-hundred and twenty-four patients
(n=224) were included. Among them,
166 (74.1%) were diagnosed as SSc pa-
tients and 58 (25.9%) were considered
as non-SSc patients by experts. Clini-
cal, paraclinical and US parameters are
summarised in Table I and specified in
the supplementary data. Specific final
alternative diagnoses for the 58 non-
SSc patients are presented in Table II.
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Diagnostic values of hand US
parameters for the diagnosis of SSc
Using the experts’ diagnosis of SSc as
the reference standard, the presence of
uni or bilateral UAO had an AUC of
0.618 (0.539-0.697) (Fig. 1A-B), with
a sensitivity of 0.373 (0.304-0.449), a
specificity of 0.862 (0.751-0.928) and
aLR+of2.71 (1.38-5.31) (Fig. 1A-B).
The presence of bilateral UAO had an
AUC of 0.589 (0.509-0.669), with a
sensitivity of 0.247 (0.188-0.318) and
a specificity of 0.931 (0.836-0.973) and
a LR+ of 3.58 (1.34-9.56) (Fig. 1A-
B). The presence of a fibrotic TS had
an AUC of 0.561 (0.480-0.643), with
a sensitivity of 0.139 (0.094-0.199), a
specificity of 0.983 (0.909-0.997) and
a LR+ of 8.04 (95%CI 1.11-58.2). The

US-SSc pattern had an AUC of 0.641
(0.563-0.695), with a sensitivity of
0.440 (0.367-0.516), a specificity of
0.845 (0.731-0.916) and a LR+ of 2.83
(1.52-5.29). The diagnostic value of
other clinical/paraclinical items from
the 2013 ACR/EULAR classification
criteria are presented in Supplementary
Table S1.

Addition of US parameters in

a combined diagnostic approach
including the items derived from

the 2013 ACR/EULAR classification
criteria for SSc

UAO (uni or bilateral) and fibrotic TS
were both significantly associated with
a ACR/EULAR score above 9 in uni-
variable analysis (Suppl. Table S2).
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Table II. Final diagnosis for the 58 non-SSc patients.

Diagnosis n. (%)

Undifferentiated connective tissue diseases® 21 (36)
Isolated Raynaud’s disease 12 (20)
Rheumatoid arthritis 8 (14)
Mixed connective tissue disease 4 (7)

Systemic lupus erythematosus 1 (1.7)
Generalised morphea 1 (1.7)
Thoracic outlet syndrome 3 (5.1
Buerger’s disease 1 (1.7)
Fibromyalgia 1 (1.7)
Antiphospholipid syndrome 1 (1.7)
Isolated positivity of antinuclear antibodies 1 (1.7)
Isolated tenosynovitis 1 (1.7)
Others 3 (5.1

*The diagnosis of undifferentiated connective tissue diseases (UCTD) was proposed by the expert
when patients had autoimmune manifestations but did not have sufficient clinical and/or biological
autoimmune features to be diagnosed as a defined connective tissue disease such as SSc or systemic
lupus erythematosus or Sjogren’s syndrome or rheumatoid arthritis. This heterogeneous group could
include patients with pre-scleroderma conditions without sufficient clinical or biological features to be
diagnosed as authentic SSc according to the expert opinion and experience.
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B. Diagnostic performances.

AUC (95%CI) Se (95%CI) Sp (95%CI) LR+ (95%CI) Agreement

Uni or bilateral UAO 0.618 0.373 0.862 271 50.0%
(0.539-0.697) (0.304-0.449)  (0.751-0.928) (1.38-5.31)

Bilateral UAO 0.589 0.247 0.931 3.58 42.4%
(0.509-0.669) (0.188-0.318)  (0.836-0.973) (1.34-9.56)

Fibrotic tenosynovitis 0.561 0.139 0.983 8.04 35.7%
(0.480-0.650) (0.094-0.199)  (0.909-0.997) (1.11-58.2)

US-SSc Pattern 0.641 0.440 0.845 2.83 67.9%

(0.563-0.695) (0.367-0.516) (0.731-0.916) (1.52-5.29)

*Agreement: positive predictive value + negative predictive value/total; "US-SSc pattern: UAO and/or
fibrotic TS; AUC: area under the curves; Se: sensitivity; Sp: specificity; LR+: positive likelihood ratio;
UAO: ulnar artery occlusion.

Fig. 1. Diagnostic performances of US or Doppler parameters for the diagnosis of SSc.
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With a LR+ of 3.10, UAO had a LR+
similar to digital ulcers (DUs) (LR+ of
4.28). We therefore proposed that UAO
could weigh a similar number of points
as DUs (2 points). With a LR+ of 9.20
the presence of a fibrotic TS on US
evaluation had a LR+ similar to scle-
rodactyly (LR+ of 11.2) (Suppl. Table
S2). We therefore proposed that TS
could add a similar number of points as
sclerodactyly (4 points). The presence
of a US-SSc pattern was also associ-
ated with a ACR/EULAR score above
9 in univariable analysis (Suppl. Table
S2) with a LR+ of 3.24.

In multivariable analysis, the signifi-
cant association between UAO or fi-
brotic TS, with a total ACR/EULAR
score above 9 was not maintained (Ad-
ditional Table II), demonstrating that
these US parameters could not be con-
sidered independently of other items
of the classification and should more
likely be considered as sub-items. US-
fibrotic TS was thus included as a third
sub-item of digital sclerosis (along
with puffy fingers and sclerodactyly)
and UAO (uni or bilateral) was includ-
ed as a third sub-item of digital cuta-
neous lesions (along with pitting scar
and DUs), considering DUs and UAO
as vascular cutaneous manifestations
of the disease (Additional Table III). In
accordance with the calculation of the
total score in the 2013 ACR/EULAR
classification, only the sub-item adding
the highest number of points was con-
sidered in each category.

Diagnostic performances of

this composite score including US
parameters and items from the 2013
EULAR/ACR classification criteria
Using the experts’ diagnosis of SSc as
reference standard, the combination
of items from the 2013 ACR/EULAR
classification criteria for SSc, with a di-
agnostic of SSc for a total score =9, had
an AUC of 0.982 (0.969-0.996), with
a sensitivity of 0.946 (0.900--971), a
specificity of 0.931 (0.836-0.973) and
a LR+ of 13.7 (5.32-35.3) (Fig. 2A-B).
Including UAO and fibrotic TS in the
calculation of the total score had few
impact on these diagnostic perfor-
mances, as this new composite score
including US parameters and items
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from 2013 ACR/EULAR classifica-
tion criteria, with a diagnostic of SSc
for a total score =9, had an AUC of
0.979 (0.962-0.996) with a sensitivity
of 0.940 (0.893-0.967), a specificity of
0.931 (0.836-0.973) and a LR+ of 13.6
(5.29-35.1) (Fig. 2A-B).

When the item “capillaroscopy” was
suppressed, the diagnostic value of this
new composite score was unchanged
with an AUC of 0.979 (0.962-0.996)
and it was higher than the score of the
original items from the 2013 ACR/EU-
LAR classification without the item
capillaroscopy (AUC=0.972 (0.952—
0.992)) (Fig. 2A and B).

Discussion

This study evaluates the relevance of
including US parameters in a combined
diagnostic approach for SSc. These US
parameters were therefore included
in a proof-of-concept scoring system
including US parameters and items
derived from the 2013 ACR/EULAR
classification criteria. It is important
to highlight that the strategy proposed
here was only designed for diagnostic
purposes and not for classification pur-
poses. By no means, this study attempt-
ed to improve classification value of
the current EULAR/ACR 2013 classi-
fication criteria, as this was not the ob-
jective of this study and as the method
proposed was not adapted for such an
aim (25). The diagnostic performances
of the proposed US-modified scoring
system were similar to the items of the
2013 ACR/EULAR classification cri-
teria when diagnostic of SSc was con-
sidered for a total score =9. This could
lead to the conclusion that US param-
eters do not bring much to the items de-
rived from the classification criteria as
currently proposed and from a certain
viewpoint this could lead to consider
this study as a negative study. However,
supressing some items such as capilla-
roscopy had no negative impact on the
diagnostic performances of this pro-
posed scoring system, suggesting that
these US parameters add similar infor-
mation for the diagnosis of SSc. This
validates the relevance of US evalua-
tion in a combined diagnostic approach,
in a population of SSc patients that are
not restricted to early or very early SSc.
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B. Diagnostic performances
AUC Se Sp LR+
(95%CI) (95%CI) (95%CI) (95%CI)  Agreement*
ACR/EULAR 2013 0.982 0.946 0.931 13.7 94.2%
classification (0.969-0.996) (0.900-0.971) (0.836-0.973)
ACR/EULAR 2013° 0972 - - - -
(without capillaroscopy)  (0.952-0.992)
US-modified ACR/ 0.979 0.940 0.931 13.6 93.8%
EULAR 2013 (0.962-0.996) (0.893-0.967) (0.836-0.973)
US-modified ACR/EULAR 0.979 0.940 0.931 13.6 93.8%
(without capillaroscopy) (0.962-0.996) (0.893-0.967) (0.836-0.973)
US-modified ACR/EULAR 0.962 0.855 0.931 12.4 87.5%
(without PAH/ILD) (0.936-0.987) (0.794-0.901) (0.836-0.973)
US-modified ACR/EULAR 0.962 0.898 0.897 8.7 89.7%

(without capillaro & PAH/ILD) (0.938-0.986)

(0.842-0.935)

(0.792-0.952)

*Agreement: positive predictive value + negative predictive value/total.

®Considering that there is no validated cut-off value for the original ACR/EULAR classification with-
out capillaroscopy, only AUC were evaluated with no calculation Se, Sp, LR+ or agreement.

AUC: area under the curves; Se: sensitivity; Sp: specificity; LR+: positive likelihood ratio.

Fig. 2. Diagnostic performances of a scoring strategy including US parameters and items from the
2013 EULAR/ACR classification criteria for the diagnosis of SSc using a total score =9 for the diag-
nosis of SSc and the experts’ diagnosis as reference standard.

This might be all the more relevant as
US evaluation also provide informa-
tion on specific hand manifestations,
such as macrovascular involvement and
tenosynovial involvement which both a
have prognostic value (6,7, 13,26). We
have kept a diagnosis threshold of 9 for
the ACR/EULAR 2013 whereas US pa-
rameters were included in the new di-
agnostic strategy (3). This may have led
to dampen the impact of US parameters
on the diagnostic performances of the
ACR/EULAR 2013 classification crite-
ria. One could argue that we could have
proposed a higher threshold, since new

items are included. In this case this may
have led to change the diagnostic per-
formances of the ACR/EULAR 2013,
and we can suspect that the presence
of US findings would have improved
the diagnostic value of the classifica-
tion. But this would require a dedicated
study, that goes beyond the scope of
our work. With a respective specificity
of 0.86 and 0.98, both UAO and fibrotic
TS were specific for the diagnosis of
SSc in this population of patients with
suspected SSc. Their sensitivity was
less convincing (0.375 for UAO and
0.139 for fibrotic TS), reflecting the
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clinical heterogeneity of SSc with a vast
range of clinical and hand US manifes-
tations, similarly to visceral manifesta-
tions such as PAH and ILD (2).

US evaluation has a much higher sen-
sitivity than clinical non-US assisted
Allen-test (27, 28) to detect UAO, and
the relevance of US evaluation is all the
more supported by the high prevalence
of UAO in SSc, referring to previous
studies from other groups (7, 8, 17)
and in accordance with our results. Al-
though UAO appears to be rather spe-
cific, some patients with UAO were not
finally diagnosed as SSc by the experts
in our study. UAO also exists in the
general population, with a prevalence
ranging from 9.6% in men to 1% in
women (29). This prevalence increas-
es with age. The prevalence of UAO
in our population of non-SSc patients
(13.8%) was therefore slightly above
its prevalence in the general popula-
tion. This result could be explained by
the selected population, as this was a
population of patients with suspected-
SSc, according to their routine practi-
tioner. This inclusion of only suspect-
ed-SSc patients could be considered as
a limit of our work, however it reflects
the real-life situation and daily prac-
tice of a rheumatology department and
highlights the pragmatic approach used
in this study. This population is also
in accordance with previous popula-
tions selected for the development of
classification criteria for SSc (3, 15).
Consequently, although still not consid-
ered as established SSc patients by our
reference standard, 12 (20.7%) of the
58 non-SSc patients fulfilled the inclu-
sion criteria for the very early diagno-
sis of SSc (VEDOSS; data not shown)
(30). Patients in the non-SSc group had
lower duration of Raynaud’s phenom-
enon, we therefore cannot exclude that
some of these patients could developed
authentic SSc in the future. The predic-
tive value of UAO for the onset of es-
tablished SSc is still to be evaluated in
longitudinal studies.

We did not include a group of “healthy
controls” and we only included pa-
tients with suspected SSc. We therefore
think our results reflect the diagnos-
tic performances of US parameters in
real-life conditions. Including patients
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considered as ‘“healthy controls” i.e.
patients with no scleroderma-associ-
ated parameters, would have limited
the external value and relevance of our
results. Thus, the inclusion of patients
addressed to the Rheumatology or In-
ternal Medicine departments for sus-
pected SSc by their routine practitioner
(general practitioner, first-line rheuma-
tologist, internal medicine specialist or
dermatologist) could be considered as a
limitation, especially considering that
there were no specific predefined inclu-
sion criteria. Nonetheless, we believe
that this inclusion strategy precisely en-
sures that our results reflect routine care
and can assess the diagnostic value of
US for common practice. Interestingly
one non-SSc patient had US fibrotic
TS. This patient was a woman with a
final diagnosis of generalised morphea.
This description of “fibrous arthropa-
thy” has indeed also been previously
noticed in paediatric Morphea (31) but,
to our knowledge, not in adults with
Morphea. The precise definition and
characteristics of fibrotic TS according
to the OMERACT (Outcome Measures
in Rheumatology) filter also still need
to be validated as it may appear exam-
iner-dependent. Nonetheless, previous
studies have compared US evaluations
with MRI for the assessment of fibrotic
tenosynovitis in SSc, demonstrating the
reliability of US evaluation, since all
tenosynovitis detected by US assess-
ment in this study were also detected
and confirmed by MRI (32).

Hand US evaluation offers the opportu-
nity of simultaneously assessing vascu-
lar, inflammatory and fibrotic manifes-
tations of SSc (12, 33). In our work, the
prevalence of abnormal US parameters
(UAO and/or fibrotic TS) was high,
since almost half of SSc-patients had
a US-SSc-pattern (44.0%). We did not
include inflammatory manifestations of
SSc in this study due to the wide range
of aetiologies of Doppler positive syno-
vitis and TS in SSc (authentic inflam-
matory manifestation of the disease,
unspecific ~ osteo-arthritis-associated
synovitis, calcinosis-related synovi-
tis, calcium pyrophosphate-associated
synovitis). This could be considered
as a limit of our work and further stud-
ies are warranted to clarify this issue.

Another limitation is that the sonogra-
pher could not be totally blinded from
all clinical features of SSc and some of
them are quite characteristic (e.g. cuta-
neous thickening of both hands extend-
ing proximally to metacarpophalangeal
joints) and they could not be easily hid-
den to the sonographer. This could have
influenced the results of US evaluation.
Nonetheless, this reflects real-life con-
ditions and the sonographer was not in-
volved in any way in the final diagnosis
of SSc, as the final diagnostic relied on
an independent board of experts, blind-
ed from the results of US evaluation.
Recent studies have also highlighted the
relevance of ultra-high-frequency US
evaluation (50Mhz) for the assessment
of hand skin involvement in patients
with SSc (34). We can hypothesis that
including skin evaluation in the global
US assessment of the hand in SSc may
also improve the diagnostic value of US
but this hypothesis may deserve further
investigations (35, 36).

In our study, the combination of the
items from the 2013 ACR/EULAR
classification criteria had excellent di-
agnostic performances, when the diag-
nostic of SSc was considered for a total
score =9. This result has already been
described previously (5). Adding US
parameters to the items of the classifica-
tion had no positive or negative impact
on these diagnostic performances (Fig.
2A. and B). This could be considered
as a disappointing result, nonetheless,
considering the excellent performances
of this combination of items from the
existing classification, this result was
expected. Changing the weighing of the
US items had limited impact on the di-
agnostic performances of the proposed
diagnostic approach (data not shown).
In our study the weighing of US pa-
rameters was derived using data driven
methods based on the LR+, whereas
weighing of items from the 2013 EU-
LAR/ACR classification were derived
using multicriteria decision analysis
(25). This is a limitation of our study.
Nonetheless, this methods is adapted
for an exploratory study. We thus ac-
knowledge that these results need to be
validated in other cohorts to externally
confirm the relevance of the proposed
weights for US parameters.

S-145



US and SSc / M. de Saint Riquier et al.

Interestingly, suppressing capillaros-
copy resulted in unchanged diagnostic
performances, suggesting that US eval-
uation, with a simultaneous assessment
of TS involvement and macrovascular
features, could possibly constitute an
interesting complement to capillaro-
scopic evaluation. Two future steps
are required to clarify this issue: first,
our results need to be confirmed on a
validation sample as this study is the
first study approaching global hand US
assessment in a combined diagnostic
strategy for SSc. Second, capillaros-
copy is a cornerstone for the early di-
agnosis of SSc. On the contrary, some
US features such as UAO may occur
more lately in the course of the disease
(10). Thus, we do not suggest that US
could replace capillaroscopy, especially
for early diagnosis (37-39). A dedicated
study evaluating the diagnostic value of
US in a VEDOSS population is manda-
tory to answer this question. Nonethe-
less, in offering this unique opportunity
of a combined evaluation of vascular,
joint and tenosynovial fibrotic mani-
festations of the disease, US evaluation
shows a multi-functionality that capil-
laroscopy does not. US evaluation may
also have a better sensitivity to change
than capillaroscopy. This may be specif-
ically important considering the emer-
gence of composite indices for clinical
trials including SSc patients (9, 40, 41).
Among hand vascular manifestations,
our US protocol only evaluated mac-
rovascular involvement through the as-
sessment of UAO. Other US protocols
have recently proposed more detailed
vascular evaluations including the as-
sessment of finger pulp blood flow and/
or obliteration of digital arteries (6, 9,
17, 41, 42). Their diagnostic perfor-
mances still need to be evaluated in a
population of suspected-SSc patients,
as well as their prognostic value (43).

In conclusion, US evaluation is non-
radiant, non-invasive, more and more
accessible and use in daily practice.
Although education and expertise in is
needed to master this evaluation tool,
US of the hand evaluation should not be
neglected in SSc. A global and shared
reflection is needed to include this de-
vice in the diagnostic and management
strategy of SSc in the future (44), as
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some US features appear specific to this
connective tissue disease.
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