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ABSTRACT
Objectives: To determine the outcomes, including
number of medical interventions and initiation of
immunosuppressive treatment of a standardised,
comprehensive, diagnostic care pathway for patients with
systemic sclerosis (SSc). Patient characteristics
associated with need for medical interventions and with
need for immunosuppressive treatment were determined.
Methods: Data were routinely gathered in connection
with a 2-day care pathway combining multidisciplinary
care and complete diagnostic work-up of organ
involvement in SSc. The number of patients in whom the
pathway resulted in medical interventions, and/or
initiation of immunosuppressives was recorded. Patient
characteristics and diagnostic tests results were
compared between patients with and without medical
interventions, and patients with and without initiation of
immunosuppressives by means of multivariable logistic
regression analyses.
Results: During a period of 44 months, 226 patients
with SSc were referred to the care pathway. They
included 186 (82%) women with mean age of 54 (SD
14.5) years, and median disease duration of 4 years
(range 1–11); 73 (32%) of them had diffuse cutaneous
SSc. Medical interventions were initiated in 191 (85%)
patients, including initiation of immunosuppressive
treatment in n=49 (22%). Presence of telangiectasias and
higher erythrocyte sedimentation rate were associated
with any medical intervention. Of commonly available
variables, lower age, higher skin score and absence of
anticentromere antibody were associated with initiation of
immunosuppressives.
Conclusions: A standardised comprehensive 2-day care
pathway for patients with SSc resulted in additional
diagnostic or therapeutic interventions in 85% of the
patients, regardless of SSc subtype and disease duration.
In 22% of the patients, immunosuppressive treatment
was initiated.

INTRODUCTION
Systemic sclerosis (SSc) is a rare, multisystem
connective tissue disorder which is highly

heterogeneous in presentation and severity,
ranging from limited forms to diffuse disease
involving vital visceral organs.1 2 The fre-
quency and diverse nature of the organ-based
complications make systematic assessment and
long-term follow-up essential for good man-
agement of SSc.
Recent studies have demonstrated an

improvement in the overall survival among
patients with SSc over the last few decades.3 4

Apart from improved survival of the popula-
tion in general,1 different other factors,
including greater awareness for organ
involvement and better management of com-
plications are thought to contribute to this
improvement.4 As mortality in SSc from
5-year follow-up onwards is mainly deter-
mined by presence of organ complications,4

regular follow-up of patients with SSc, includ-
ing screening for organ involvement seems
justified. Indeed, current guidelines advocate
a screening, including assessment of organ
involvement in patients with SSc, to be

Key messages

▸ Standardised and regular screening for organ
involvement is advocated in systemic sclerosis
(SSc), and contributes to prolonged survival.

▸ Patients with SSc prefer regular standardised
diagnostic testing in a day-care setting.

▸ An annual, comprehensive diagnostic and multi-
disciplinary 2-day care pathway was developed
for patients with SSc.

▸ First evaluation in this care pathway resulted in
additional diagnostic or therapeutic interventions
in 85% of the patients.

▸ Initiation of interventions was independent of
SSc subtype and disease duration, indicating
usefulness of comprehensive care for all patients
with SSc.
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performed at least annually.5–8 As risk for different
organ-based complications varies between subsets of SSc
the most extensive annual screening is advocated for
patients at high risk for organ involvement. For these
patients, and for patients newly presenting with SSc,
annual screening, including evaluation of pulmonary,
renal, cardiac, gastrointestinal and vascular complica-
tions is generally advocated.7 9–11

In addition, a range of SSc-specific manifestations,
including, for example, Raynaud’s phenomenon (RP)
atrophy, joint contractures and digital ulcers, result in
specific limitations in everyday life, for which additional
counselling and non-pharmacological interventions can
be relevant. Although evidence for efficacy of non-
pharmacological interventions is limited,12 potential
importance of psychosocial and rehabilitation interven-
tions for a chronic disease are clear.13

To improve healthcare for patients with SSc treated in
the Leiden University Medical Center (LUMC), we
aimed to develop a care pathway combining comprehen-
sive medical assessment of organ complications with
multidisciplinary care specifically targeting SSc-related
manifestations.
The execution of a care pathway combining a wide

range of diagnostic procedures with multidisciplinary
team care in a patient-friendly manner is an organisa-
tional challenge. Patients were found to prefer a yearly
standardised, multidisciplinary assessment in a day-care
setting rather than multiple visits to various outpatient
clinics.14 In line with this preference, a yearly, 2-day
standardised diagnostic and multidisciplinary care
pathway was developed. It is meant to serve both
patients from the university hospital as well as those
referred by rheumatologists in non-academic hospitals
in the region. The execution of this complex diagnostic
and multidisciplinary care pathway in one centre is in
line with international management guidelines, which
advocate referral of patients with SSc to a specialised
centre.5

Regarding the therapeutic management resulting
from the diagnostic care pathway, the 2009 EULAR
guidelines on treatment of SSc, listing evidence and
consensus-based pharmacological treatments for various
manifestations of SSc, constitute a firm base.15 However,
no clear definitions on required severity of manifesta-
tions of SSc with regard to start of treatments are avail-
able, which is due to the heterogeneity and complexity
of the disease. In the absence of such definitions, all
management decisions in the context of the above men-
tioned care pathway were taken at a multidisciplinary
team conference, based on the individual patient
characteristics, and all available scientific and clinical
knowledge among the team members.
The aim of the current report is to determine the out-

comes of this standardised, comprehensive, care pathway
in terms of medical and paramedical interventions, and
initiation of immunosuppressive treatment.

MATERIALS AND METHODS
Study design
Data for the present study were prospectively and rou-
tinely gathered as part of the standardised, annual 2-day
care pathway. The present analysis only concerned the
short-term outcomes of patients taking part in the care
pathway for the first time between April 2009 and
December 2012. Ethical approval was obtained from the
Institutional Review Board of the LUMC. All participants
gave written informed consent.

Patients
Admission criteria for the care pathway include a diag-
nosis of SSc according to the referring rheumatologist,
or a strong suspicion for SSc, and a request for a com-
plete diagnostic work-up to confirm the diagnosis.
Patients can be referred by rheumatologists from the
outpatient clinic of the LUMC or from any other hos-
pital in the Netherlands.

The 2-day care pathway
The care pathway was started in 2009 (and is still oper-
ational now, in 2016). It comprises a visit to the rheuma-
tologist, pulmonologist and cardiologist. In addition to
the extensive medical screening, patients are routinely
seen by a physical therapist, and a specialised nurse.
Additionally, consultations with a social worker and/or
occupational therapist are scheduled by indication. The
specialised nurse acts as the personal manager and
coordinator for the patients during the 2-day pro-
gramme, explores specific information and healthcare
needs, and provides individual counselling and
instructions.
For every patient, the healthcare pathway is performed

on 2 consecutive days between 8:00 and approximately
16:00. Patients not living in the area of Leiden are
offered the opportunity to stay overnight in a hotel
room inside the hospital. At initiation of the care
pathway, the maximum capacity was 2 patients per week;
based on the number of referrals, the capacity was
increased to 4 patients weekly in 2012. Two weeks after
completion of the care pathway, findings for each par-
ticular patient are thoroughly evaluated during a multi-
disciplinary team conference, attended by at least two
rheumatologists, one pulmonologist and one specialised
nurse, who is also informed about findings of the occu-
pational therapist, the physical therapist, and the social
worker.

Assessments
All assessments are performed as part of routine care.
They include questionnaires to be completed by
patients, as well as interviews and physical performance
tests, laboratory tests, nailfold videocapillaroscopy
(NVC) and imaging.
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Sociodemographic characteristics
For all patients, the following social and demographic
characteristics are recorded: age, origin, smoking habit,
use of alcohol and caffeine and educational level ((1)
primary education (0–8 years; low education level), (2)
secondary education (9–16 years; medium education
level), or (3) higher vocational education/university
(postsecondary; high education level)).

SSc classification and severity
Patients included for the current analysis all fulfil diag-
nostic criteria for SSc as defined by the American
College of Rheumatology16 or LeRoy and Medsger17 cri-
teria for (early) SSc. Duration of RP, duration of non-RP
(time since first symptom other than RP),18 disease dur-
ation (time since diagnosis SSc was confirmed by a phys-
ician), physical complaints and modified Rodnan Skin
Score (mRSS), are determined by an experienced
rheumatologist.
NVC is routinely performed in all patients starting

from 2011 with qualitative assessment of capillary pat-
terns: normal/aspecific pattern, SSc pattern (early/
active/late) or borderline changes.19

Physical functioning
Patients are asked to fill in the Scleroderma Health
Assessment Questionnaire; a 20-item questionnaire com-
prising eight domains of activities of daily living, with
the final score ranging from 0 (no disability) to 3
(severe disability).20

In addition, the 6 min walk distance (6MWD) is deter-
mined. The 6MWD evaluates the global and integrated
responses of all the systems involved during exercise,
including pulmonary and cardiovascular systems, sys-
temic and peripheral circulation, blood, neuromuscular
units and muscle metabolism.21 It reflects daily exercise,
and has good construct validity, as demonstrated in
patients with SSc with pulmonary arterial hypertension
(PAH).

Quality of life
Quality of life is measured with the SF-36, which con-
tains eight subscales.22 The scoring range of the SF-36
subscales is (0–100), with higher scores indicating better
quality of life. The subscales are converted into two
summary scales: the physical component summary, and
the mental component summary scale, standardised to a
score with a mean of 50 and a SD of 10 in the general
population. For that purpose, the scores from an age-
matched and sex-matched, normative sample, drawn
from a large, random, nationwide sample of adults
(n=1742) from the general Dutch population frequency
table and factor score coefficients are used.23

Laboratory investigations
▸ Measurement of haemoglobin, erythrocyte sedimen-

tation rate (ESR), C reactive protein (CRP), creatine
phosphokinase (CPK), NT-pro brain natriuretic

peptide, creatinine and estimated glomerular filtra-
tion rate.

▸ Measurement of autoantibodies, including antinuclear
antibody (indirect immunofluorescence on HEP-2000
cells (Biomedical Diagnostics, Antwerpen, Belgium)),
antitopoisomerase I (anti-Scl-70) and anticentromere
(ACA), both measured with Enzyme-Linked Immuno
Assay technique (Immunocap 250, ThermoFisher
Scientific, Nieuwegein, The Netherlands). Anti-RNA
polymerase III was measured externally (ELISA;
Sanquin, Amsterdam, The Netherlands); urine screen-
ing for erythrocyturia and proteinuria; 24 h urine
collection.

Cardiopulmonary investigations
▸ High-resolution CT (HRCT) of the thorax, pulmon-

ary function tests (PFTs; including analyses of vital
capacity (VC), and diffusing capacity for carbon mon-
oxide (DLCO)), cardiopulmonary exercise test
(CPET; including analyses of maximum heart rate,
maximum wattage, maximum oxygen consumption
(VO2) and maximum ventilation),

▸ Echocardiography, ECG and 24 h rhythm (Holter)
registration.

Diagnosis of interstitial lung disease (ILD) is determined
based on the presence of a non-specific interstitial pneu-
monia (NSIP) pattern, or usual interstitial pneumonia
(UIP) pattern on HRCT thorax24 as reported by the
radiologist.
The systolic pulmonary artery pressure (SPAP) is esti-
mated using echocardiography by an experienced cardi-
ologist, and elevated pulmonary pressure is defined
using a cut-off value of 35 mm Hg.25 Left ventricular
end-diastolic and end-systolic volumes are measured
using the biplane modified Simpson’s rule. Left ven-
tricular ejection fraction is calculated as left ventricular
end-diastolic—LV end-systolic volume/left ventricular
end-diastolic volume. Furthermore, the presence of peri-
cardial effusion is noted.
Presence of arrhythmias is defined as presence of

multiform ventricular extrasystoles >100/day, couplets or
runs of ventricular tachycardia or supraventricular tachy-
cardia of at least 30 s on 24 h Holter monitoring.6

Conduction abnormalities are defined as complete left
bundle branch block or right bundle branch block,
atrioventricular block (first second or third degree), or
pacemaker rhythm for sinus node dysfunction.26

Diagnostic and/or therapeutic management strategies
resulting from the care pathway
The multidisciplinary team conference results in specific
advices on (1) diagnostic follow-up, (2) referral to
medical specialists, (3) referral to other healthcare pro-
fessionals or (4) initiation of treatment, or immunosup-
pressive treatment, and change of supportive
medication, including treatment for peripheral vascular
complications, for each individual patient. Advice on
diagnostic follow-up comprises all patients in whom
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additional diagnostic procedures are advocated during
the next 12 months, including right heart catheterisa-
tion for possible PAH, gastroscopy, HRCT thorax or PFT
for follow-up on pulmonary involvement. Patients with
suspicion for possible PAH based on echocardiography,
are additionally discussed in the multidisciplinary PAH
meeting attended by the rheumatologist, cardiologist,
pulmonologist and internist in order to discuss the indi-
cation for a right heart catheterisation (RHC).
Referral to medical specialists includes all patients in

whom follow-up and treatment by medical specialists
additional to follow-up by a rheumatologist is advocated.
The decision to initiate immunosuppressive medication
is based on consensus between experts during the multi-
disciplinary team conference in absence of a gold stand-
ard precisely guiding treatment decisions in SSc.
Initiation of new immunosuppressive treatment is mainly
considered in case of extensive and/or progressive skin
or organ involvement, for example, in case of relevant
decline in VC and/or DLCO (without using an absolute
threshold) in combination with the presence of NSIP
and/or UIP on HRCT. Autologous haematopoietic stem
cell transplantation (HSCT) is applied according to
inclusion criteria and treatment regimen, as described
in the ASTIS trial.27 Azathioprine (AZA) is prescribed in
case of active arthritis or pulmonary involvement, with
contraindication for cyclophosphamide or mycopheno-
late mofetil; hydroxychloroquine (HCQ) is prescribed in
case of SSc overlap syndrome with rheumatoid arthritis
(RA). Rituximab is given either in patients with SSc
overlap syndrome with RA, or as part of a randomised
placebo-controlled clinical trial (RITIS), registered at
http://www.clinicaltrialsregister.eu/ EudraCT Number:
2008-007180-16. Treatment for peripheral vascular com-
plications included: bosentan, sildenafil, intravenous ilo-
prost, calcium channel blockers and antibiotics (the
latter in case of active digital ulcers with superimposed
bacterial infection).
On the basis of the individual patient’s need, the spe-

cialised nurse discussed specific non-pharmacological
treatment advices regarding smoking habits, Raynaud’s
phenomenon (including prescription of therapeutic
gloves), care for digital ulcers, and dietary advices.
In addition, patients with specific problems regarding

activities or work participation, and/or psychosocial pro-
blems, which could not be solved by a single consult-
ation or advice during the care pathway, were referred to
the appropriate health professionals, according to the
nature and severity of their problems, as well as their
personal preferences.

Patient satisfaction
As part of quality management of the day care depart-
ment, patients who participated in the care pathway
were requested to complete a questionnaire concerning
different aspects of the care pathway and the healthcare
providers involved (see online supplementary file). All
patients received this questionnaire on the second day

of the care pathway, including a return envelope. For
the current analyses, questions concerning patients’ satis-
faction with the care pathway and healthcare providers
as such were evaluated.

Statistical analysis
According to their distribution, continuous variables are
either presented as mean and SD or medians with IQR
(p25–75). Categorical variables are presented as fre-
quencies with percentages.
To determine which patients benefit most from the

care pathway in terms of specific medical interventions
(defined as: diagnostic follow-up, referral or change of
treatment) and initiation of immunosuppressive treat-
ment following the care pathway, patients with and
without medical intervention, and patients with and
without initiation of immunosuppressives were com-
pared. Univariable and multivariable regression analyses
were used to determine characteristics associated with
the initiation of any medical intervention and with the
initiation of immunosuppressive medication. To identify
patient characteristics commonly available from history
taking, physical examination and laboratory testing, and
thus help to identify those patients who benefit most
from the care pathway, multivariate regression analyses
were also performed excluding results generated by
diagnostic tests performed as part of the care pro-
gramme. Comparisons between the characteristics of
patients who did and who did not return the satisfaction
questionnaire were done by means of unpaired t tests,
Mann-Whitney U tests, or χ2 tests, where appropriate.
For all data, an available case analysis was performed.
Data entry was performed using Microsoft Office Access
2003. All statistical analyses were executed using SPSS
V.20.0 software (SPSS Inc, Chicago, USA).

RESULTS
Patient population
Two hundred and forty patients were referred to the
healthcare programme between 2009 and 2012. The
diagnosis SSc was confirmed in 226 patients. These
patients were mostly women (n=186, 82%), Caucasian
(n=151, 67%) and, on average, 54 years old (SD 14.5).
Patients had a median disease duration of 4 years (range
1–11 years) and 73 of them (32%) had DcSSc (table 1).

Adherence with the care pathway
All patients filled in the questionnaires and underwent
laboratory investigations, ECG, 6MWD, HRCT, PFT and
echocardiography.
Evaluation by CPET was performed in 209 patients

(92%), since 17 patients were not able to cycle, mainly
caused by musculoskeletal disability. NVC was performed
in 86 patients (38%), of whom 78 patients (91%) had a
SSc pattern. An early pattern was seen in 10 patients, an
active pattern in 37 patients and a late pattern in 31
patients.
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One hundred and nineteen (53%) patients visited an
occupational therapist, and 80 (35%) patients visited a
social worker.

Medical interventions resulting from the care pathway
The frequency of specific interventions resulting from
the care pathway is shown in figure 1. In total, one or

Table 1 Baseline characteristics of patients with systemic sclerosis

Total

Medical

intervention

No medical

intervention

N=226 N=191 N=35

Sociodemographics

Age, years, mean (SD) 54 (14.5) 54.5 (14.9) 51.4 (11.5)

Female, N (%) 186 (82) 157 (82) 29 (83)

Caucasian origin, N (%) 151 (67) 127 (67) 24 (69)

Smoking, current, N (%) 32 (14) 28 (15) 4 (11)

Education level, N (%)*

Low 89 (41) 76 (41) 13 (39)

Medium 78 (36) 68 (36) 10 (30)

High 53 (24) 43 (23) 10 (30)

Disease characteristics, N (%)

DcSSc 73 (32) 62 (33) 11 (31)

mRSS, median (IQR) 3 (1–6) 4 (1–6) 2 (2–6)

Disease duration, years, median (IQR) 4 (1–11) 3 (1–11) 4 (1–10)

Onset of Raynaud’s phenomenon, years, median (IQR)* 12 (5–20) 12 (5–20) 10 (5–201)

Onset of non-Raynaud’s phenomenon, years, median

(IQR)†

6 (3–13) 6 (2–13) 6 (3–11)

Digital ulcers 62 (28) 57 (30) 5 (14)

Telangiectasia 133 (59) 118 (62) 15 (43)

Synovitis 23 (10) 21 (11) 2 (6)

Tendon friction rubs 8 (4) 6 (3) 2 (6)

Proximal muscular weakness 14 (6) 13 (7) 1 (3)

Pulmonary crackles 64 (29) 57 (30) 7 (20)

Renal crisis 10 (5) 10 (5) 0 (0)

Autoantibodies, N (%)

ANA positivity 209 (93) 177 (93) 32 (91)

Anti-Scl-70 positivity‡ 50 (26) 43 (27) 7 (21)

Anti-centromere positivity‡ 77 (40) 62 (38) 15 (48)

Cardiopulmonary investigations

Vital capacity % of predicted, mean (SD)* 96 (82–109) 94 (21) 99 (24)

DLCO % of predicted, mean (SD)* 62 (50–75) 62 (18) 67 (13)

UIP according HRCT, N (%) 70 (31) 57 (30) 13 (37)

NSIP according HRCT, N (%) 69 (31) 62 (33) 7 (21)

SPAP >35 mm Hg, N (%) 43 (19) 40 (21) 3 (9)

LVEF, mean (SD) 58 (7.1) 61 (8) 60 (7)

Pericardial fluid, N (%) 10 (4) 9 (5) 1 (3)

Arrhythmia, N (%) 55 (24) 50 (27) 5 (15)

Conduction defect, N (%) 21 (9) 20 (11) 1 (3)

6-min walk distance, meters, mean (SD) 498 (136) 490 (142) 540 (93)

CPET; maximum VO2% of predicted, mean (SD) 91 (12) 87 (25) 96 (24)

Immunosuppressive therapy

Current 77 (34) 68 (36) 9 (26)

Previous 88 (39) 72 (38) 16 (46)

SHAQ (0–3), median (IQR)† 0.6 (0.3–1.1) 0.8 (0.3–1.1) 0.3 (0–0.6)

SF-36, median (IQR)‡

Physical Component Summary Scale 40.1 (32–49.5) 38 (30.1–47.9) 48.3 (42.3–53.8)

Mental Component Summary Scale 51.5 (40–56.1) 51.3 (39–56.1) 54.4 (40.1–56.5)

*<5% missing.
†<10% missing.
‡<15% missing.
ANA, antinuclear antibody; DcSSc, diffuse cutaneous SSc; DLCO, diffusing capacity for carbon monoxide; MRSS, modified Rodnan Skin
Score; NSIP, non-specific interstitial pneumonia; SF-36, Short-Form-36; SHAQ, Scleroderma Health Assessment Questionnaire; SPAP,
systolic pulmonary arterial pressure; UIP, usual interstitial pneumonia; VO2 max, maximum volume oxygen.
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more additional diagnostic or therapeutic interventions
were initiated in 191 (85%) of the patients. In 95
patients (42%), additional diagnostic tests were advo-
cated. Among the patients with elevated SPAP (range
36–80 mm Hg; n=29: >35 mm Hg–≤40 mm Hg; n=10>40
mm Hg–≤45 mm Hg; n=17>45 mm Hg), six underwent
RHC, which confirmed the diagnosis of PAH in four
patients, resulting in initiation of bosentan. Two patients
were classified as having pulmonary hypertension based
on SPAP ≥50 mm Hg by echocardiography alone (n=1:
SPAP 61 mm Hg, n=1 SPAP 54 mm Hg) and started with
bosentan without confirmation of actual pulmonary
pressures by RHC, as the general condition of the
patient did not allow such a procedure. The remaining
patients with elevated SPAP were considered as either
borderline pulmonary hypertension, and/or pulmonary
hypertension due to left heart disease, or chronic lung
disease. As no direct therapeutic intervention was
expected following RHC, the multidisciplinary PAH
group advised to repeat echocardiography within 6–
12 months in these cases.
Stringent pulmonary follow-up of ILD was advised by

additional PFT in 33 patients, and by additional HRCT
thorax in 17 patients.
Additional examinations to obtain more detailed infor-

mation about specific organ involvement was considered
mandatory only in a minority of patients: colonoscopy
(n=7) and DXA scan (n=6) were the investigations most
frequently advised.
Eighty-eight patients (39%) were referred to medical

specialists. Patients were most frequently referred to a
cardiologist (n=17), a gastroenterologist (n=16), a pul-
monologist (n=14) or a dermatologist (n=14).

Change of treatment
At presentation, 77 patients (34%) were using immuno-
suppressive medication. Based on the findings during
the care pathway, new immunosuppressive treatment was
started in 49 patients (22%). Newly prescribed treatment
included autologous HSCT, cyclophosphamide, myco-
phenolate mofetil (MMF), corticosteroids, methotrexate
(MTX), AZA, HCQ, rituximab and rituximab/placebo.
Two patients started with a combination of drugs: the
first with cyclophosphamide and prednisone, and
second started with MTX and was included in the RITIS
trial. In one patient, treatment with cyclophosphamide
was started, and it was advised to switch to MMF main-
tenance therapy after 6 monthly pulses (female, 27 years
of age, wish to conceive in the future). Initiation of
immunosuppressive therapy was advocated in presence
of: ILD (n=24), high or progressive skin score (n=18),
very early SSc (≤6 months); puffy fingers (n=3), arthritis
(n=5), renal involvement (n=2), myositis (n=1) and
symptomatic pericardial effusion (n=1). In none of the
patients with previous HSCT, new immunosuppressive
medication was started.
Advices on supportive medication most frequently con-

sisted of changes (prescription, increase, decrease) in
calcium channel blockers (n=35) and ACE inhibitors
(n=33), or prescription of eye drops (n=33). In 58 patients
(26%), medication for peripheral vascular complications
was started, most often calcium channel blockers (n=32).
In n=9 patients, a combination of different vasoactive
drugs and/or antibiotics was prescribed. Fifteen patients
started with bosentan, 9 patients started with intravenous
iloprost, and in n=12 patients antibiotic treatment for
superimposed bacterial infections was prescribed.

Figure 1 Number of patients

with frequencies of any

intervention as a result from the

care pathway (see enclosed

online supplementary file 1).
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Determinants of medical interventions
In total, one or more medical interventions (defined as:
(1) need for additional diagnostic follow-up, (2) referral
to medical specialists, (3) referral to other healthcare
professionals or (4) initiation of immunosuppressive
treatment and change of supportive medications), were
initiated in 191 (85%) of patients as a result of the care
pathway.
Multivariable logistic regression analyses showed that

patients with medical interventions had a higher ESR,
and more often had telangiectasias than patients
without any medical intervention (table 2).

Determinants of initiation of immunosuppressive therapy
Univariate logistic regression analysis of disease
characteristics, and results of diagnostic investigations
showed that younger age, DcSSc, shorter duration of
disease and (non-)RP, proximal muscular weakness, dys-
pnoea, anti-Scl-70, pulmonary crackles, NSIP, higher
mRSS, ESR, CRP and CPK, and lower VC, wattage and
VO2 max at CPET, were significantly associated with the
start of new immunosuppressive therapy. Presence of tel-
angiectasias, and ACA decreased the chance for start of
new immunosuppressive therapy (table 3).
Multivariable analysis showed that next to NSIP accord-

ing to HRCT, CPK, mRSS and age were associated with

start of immunosuppressive treatment, with NSIP accord-
ing to HRCT having the largest impact (table 3).
Repeated multivariate testing including only variables
resulting from history taking, physical examination and
laboratory testing identified age (OR 0.96; 95% CI (0.93 to
0.99)), skin score (mRSS; OR 1.12; 95% CI (1.04 to 1.21)),
and presence of ACA (OR 0.19; 95% CI 0.04 to 0.85)) as
most significantly associated with initiation of immunosup-
pressive therapy. Higher age and presence of ACA
decreased the change of start of immunosuppressives.

Non-medical interventions resulting from the care pathway
Forty-three patients (19%) were referred to other health-
care professionals, most frequently to a physical therapist
in primary setting (n=26) for an exercise programme,
and/or improvement of physical functioning, an occupa-
tional therapist (n=7) for assistive devices and/or adjust-
ments at home, or a dietician (n=7).
Non-pharmacological treatment advices provided by

the specialised nurse included therapeutic gloves (9%
silver; n=16), stopping smoking (n=13), and other life-
style advices including dietary advices (n=5).

Patient satisfaction
In total, 96 patients (42%) returned the questionnaire
concerning different aspects of the care pathway.

Table 2 Univariable and multivariable logistic regression analysis for patients with and without any medical intervention

Univariable OR

(95% CI) p Value

Multivariable OR

(95% CI) p Value

Sociodemographics

Age, years, mean (SD) 1.02 (0.99 to 1.04) 0.241 1.00 (0.98 to 1.03) 0.823

Female, N (%) 1.05 (0.40 to 2.72) 0.925 1.36 (0.50 to 3.70) 0.554

Disease duration, years, median (IQR) 1.01 (0.96–1.06) 0.699

Onset of RP, years, median (IQR) 1.01 (0.98–1.04) 0.623

Onset of non-RP, years, median (IQR) 1.02 (0.97–1.07) 0.471

Disease characteristics, N (%)

DcSSc 1.05 (0.48 to 2.28) 0.904

DU 2.59 (0.96 to 7.02) 0.061

Telangiectasia 2.19 (1.05 to 4.54) 0.036 2.27 (1.08 to 4.80) 0.031

Synovitis 2.04 (0.46 to 9.11) 0.351

Friction rubs 0.54 (0.10 to 2.77) 0.456

Proximal muscular weakness 2.50 (0.32 to 19.73) 0.385

Pulmonary crackles 1.73 (0.71 to 4.18) 0.226

MRSS, median (IQR) 1.08 (0.99–1.18) 0.081

Anti-Scl-70 antibody 1.44 (0.59 to 3.56) 0.426

Anticentromere antibody 0.65 (0.30 to 1.40) 0.271

Diagnostic investigations

ESR, mm, median (IQR) 1.04 (1.01–1.07) 0.013 1.04 (1.01–1.07) 0.012

CRP, mg/dL, median (IQR) 1.06 (0.96–1.16) 0.246

CPK, mg/dL, median (IQR) 1.00 (1.00–1.00) 0.743

Vital capacity % of predicted, mean (SD) 0.99 (0.97 to 1.01) 0.266

NSIP according HRCT, N (%) 1.80 (0.74 to 4.37) 0.195

CPET; maximum VO2% of predicted,

mean (SD)

0.99 (0.97 to 1.00) 0.061

CPET, cardiopulmonary exercise test; CPK, creatine phosphokinase; CRP, C reactive protein; DcSSc, diffuse cutaneous SSc; DU, digital
ulcers; ESR, erythrocyte sedimentation rate; MRSS, modified Rodnan Skin Score; NSIP, non-specific interstitial pneumonia; VO2 max,
maximum volume oxygen.
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Between the patients that completed and returned the
questionnaire, and the patients who did not return the
questionnaire, there was no difference in age, sex,
disease duration, frequency of start of supportive or
immunosuppressive medication, and frequency of refer-
ral to medical specialists. Patients who did not return
the questionnaire more often had DcSSc (n=52 (40%),
vs n=21 (22%); p=0.004), and were more often referred
to allied health professionals (n=35 (27%), vs 8 (8%);
p<0.001). In general, patients were very satisfied with the
care programme, resulting in a mean grade of 9 on a
scale of 0 to 10 (0=lowest, 10=highest grade). More spe-
cifically, 88% of patients (n=84) stated that the care pro-
gramme was in line with their healthcare needs, 91% of
patients (n=87) judged the time schedule as being suffi-
cient, and the percentage of patients being satisfied/
very satisfied with the different healthcare providers was
high (rheumatologist n=94; 96%, specialised nurse n=93;
96%, physical therapist n=87; 89%, occupational therap-
ist n=51, 96%, social worker n=29; 82%) (numbers/
percentages differ, as not all patients visited the occupa-
tional therapist and the social worker).

DISCUSSION
The present study describes the medical management of
226 patients with SSc referred to a 2-day comprehensive
diagnostic care pathway. In 191(85%) patients, the care
pathway resulted in specific advices on additional diag-
nostic follow-up, referral or change of treatment. Of
patient characteristics only telangiectasias and ESR were
associated with any medical intervention. Commonly
available patient characteristics associated with change
of immunosuppressives included lower age, absence of
ACA and higher mRSS. These data indicate that a stan-
dardised comprehensive care pathway is of benefit for
the far majority of patients with SSc, regardless of SSc
subtype and disease duration. Systematic organ screen-
ing has been shown to contribute to survival of patients
with SSc over the past decades,3 mainly in patients with
DcSSc. This observation, in combination with preference
of the patients with SSc to combine different diagnostic
procedures and visits to medical specialists in a day-care
setting,14 and high health needs despite frequent consul-
tations,28 led us to implement the described day-care
programme. In general, adherence to the care pathway

Table 3 Univariable and multivariable logistic regression analysis for patients who started and did not start with

immunosuppressive therapy as a result from the care pathway

Start

N=49

Not started

N=177

Univariable OR

(95% CI) p Value

Multivariable OR

(95% CI) p Value

Sociodemographics

Age, years, mean (SD) 48 (15) 56 (14) 0.96 (0.94 to 0.98) <0.001 0.94 (0.91 to 0.98) 0.005

Female, N (%) 38 (78) 140 (86) 1.76 (0.79 to 3.93) 0.167

Disease duration, years, median

(IQR)

1 (0–4) 4 (1–12) 0.93 (0.88 to 0.98) 0.012

Onset of RP, years, median (IQR) 6 (2–16) 13 (6–21) 0.96 (0.93 to 0.99) 0.020

Onset of non-RP, years, median

(IQR)

3 (1–5) 7 (3–13) 0.94 (0.89 to 0.99) 0.016

Disease characteristics, N (%)

DcSSc 26 (53) 33 (56) 4.45 (2.26 to 8.78) <0.001 1.33 (0.35 to 5.05) 0.676

Digital ulcers 11 (22) 49 (30) 0.66 (0.31 to 1.40) 0.281

Telangiectasia 20 (41) 107 (66) 0.35 (0.18 to 0.68) 0.002 0.46 (0.16 to 1.30) 0.155

Synovitis 8 (16) 15 (9) 1.93 (0.76 to 4.86) 0.165

Friction rubs 4 (8) 4 (3) 3.53 (0.85 to 14.69) 0.083

Proximal muscular weakness 8 (16) 6 (4) 5.07 (1.67 to 15.44) 0.004 5.06(0.93 to 27.68) 0.061

Pulmonary crackles 21 (44) 36 (22) 2.72 (1.38 to 5.37) 0.004 2.44 (0.74 to 8.02) 0.142

mRSS, median (IQR) 5 (2–20) 2 (0–5) 1.13 (1.07 to 1.18) <0.001 1.09 (1.00 to 1.01) 0.042

Anti-Scl-70 antibody 18 (37) 28 (17) 4.07 (1.88 to 8.82) <0.001

Anticentromere antibody 4 (8) 72 (44) 0.11 (0.04 to 0.33) <0.001

Diagnostic investigations

ESR, mm, median (IQR) 19 (11–41) 14 (6–28) 1.02 (1.00 to 1.03) 0.033

CRP, mg/dL, median (IQR) 3 (3–7) 3 (3–4) 1.04 (1.01 to 1.07) 0.020

CPK, mg/dL, median (IQR) 95 (54–174) 85 (61–114) 1.01 (1.00 to 1.01) 0.009 1.01 (1.000 to 1.01) 0.039

Vital capacity % of predicted,

mean (SD)

86 (19) 98.6 (21) 0.97 (0.95 to 0.99) <0.001

NSIP according HRCT, N (%) 27 (55) 36 (22) 4.13 (2.10 to 8.10) <0.001 4.89 (1.561 to

15.30)

0.006

CPET; maximum VO2% of

predicted, mean (SD)

79 (20) 91 (26) 0.98 (0.97 to 0.99) 0.006

CPET, cardiopulmonary exercise test; CPK, creatine phosphokinase; CRP, C reactive protein; DcSSc, diffuse cutaneous SSc; DU, digital
ulcers; ESR, erythrocyte sedimentation rate; MRSS, modified Rodnan Skin Score; NSIP, non-specific interstitial pneumonia; VO2 max,
maximum volume oxygen.
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was high and patient satisfaction rates were very high.
This latter finding probably reflects the successful match
between patients’ needs and care provision, as the care
pathway was developed based on the questionnaire on
patients’ needs and preferences.14 Whether implementa-
tion of the described care pathway will contribute to
diminish the number of visits to the hospital in the long
run, remains to be determined. Most likely, benefits in
terms of medical interventions will be numerically differ-
ent after following annual visits. Future evaluations will
have to demonstrate in which subgroups of patients
repeated extensive annual screening is most useful and
whether standardised and multidisciplinary care as
applied in the care pathway will contribute to improved
outcome.
As one or more medical interventions took place in

191 of 226 patients, the care pathway did not result in
any specific medical intervention in 1 of 6–7 patients. To
evaluate in which patients referral to the care pathway
was most useful, multivariable regression analyses were
performed. Presence of telangiectacias was associated
with need for any medical intervention, while it was pro-
tective for starting immunosuppressive treatment. It is
known that presence of telangiectacias is associated with
vascular complications including digital ulcers and pul-
monary hypertension.29 Indeed, subgroup comparisons
within our own cohort between patients with telangiecta-
sias and patients without telangiectasias showed that
patients with telangiectasias had more often calcinosis,
more often had a change in vasoactive medication, and
they were discussed more frequently in the PAH
meeting. Patients without telangiectasias needed more
stringent follow-up on pulmonary fibrosis reflected by
need for additional PFTs (see online supplementary
table S1). This observation is thus in line with previous
studies showing the association between vascular compli-
cations and telangiectasias in SSc.29 Consequently, the
number and type of interventions resulting from the
care pathway is most likely different for the different sub-
groups of SSc, as reflected by the differential association
of telangiectasias with the different interventions.
Our study confirms previous findings about clinically

important investigations in evaluation of severity and
activity of SSc.30 Multivariable analysis showed that age,
mRSS, proximal muscle weakness, CPK and NSIP,
according to HRCT-thorax were significantly associated
with the start of new immunosuppressive therapy. These
findings are explained by the fact that skin involvement
and pulmonary involvement were the most frequent
indications for immunosuppressive treatment, and thus,
reflect a certain circularity. In addition, muscle involve-
ment was identified as a relevant parameter, reflected by
both CPK and proximal muscle weakness. SSc overlap
with myositis is found in approximately 15% of the
patients with SSc,31 and is associated with more extensive
disease.32Although these parameters seem to be rather
non-specific, two important recent studies also identified
CPK level and myopathy as important predictors for

worse outcome.33 34 As no circularity can be involved
specifically for these two parameters, we do believe that
our data confirm previous data on CPK and myopathy
being important predictors for worse prognosis, and
thus, should probably be taken into account in thera-
peutic decision-making.
By contrast with previous studies, no attributive value

for start of immunosuppressive therapy of type of SSc,
PFTs and cardiac parameters was found.8 Several factors
can account for a lack of association between cardiac
parameters and of immunosuppressive treatment. First,
only in case of active myocarditis, immunosuppressive
treatment is advocated.35 In case of diastolic dysfunction,
or significant arrhytmias, primary interventions consist
of ACE inhibitors, antiarrhythmics and placement of
implantable cardioverter defibrillator where appropriate.
Finally, the included diagnostic procedures might not
have revealed subclinical myocardial involvement, as
plain echocardiography is rather insensitive for this
goal,36 and the majority of patients already received
treatment with calcium channel blockers and/or ACE
inhibitors for different indications. Another interesting
finding was that, apart from consultations with a nurse
and physical therapist, more than half the patients took
the opportunity to visit an occupational therapist and/
or social worker. This observation shows that many
patients encounter problems which can clearly not be
solved by medical treatment alone. The relatively high
proportion of patients in the present study expressing a
need to see additional healthcare providers again under-
scores that more research into the most appropriate
non-pharmacological management strategies in this
patient group is warranted.37

This study has a number of limitations which should be
taken into account when interpreting the results. First,
selection bias cannot be excluded, as patients referred to
the care programme in a tertiary care setting might not
represent the total population of patients with SSc.
However, comparison with other cohorts of patients with
SSc evaluated by tertiary care centres, including the
EUSTAR centres, showed that social and demographic
characteristics, disease severity and functional status of our
cohort are quite similar.8 38 At admission, 34% of the
patients were treated with immunosuppressive therapy,
which is also comparable to reports from the EUSTAR
cohort.39 Second, start of immunosuppressive therapy was
based on consensus between experts during a multidiscip-
linary discussion, in the absence of a gold standard pre-
cisely guiding treatment decisions in SSc.15 Whether
treatment decisions in the current cohort were adequate
remains to be determined. Ideally, one should dispose of a
control group receiving standard care to compare number
of medical interventions, progression-free survival and
quality of life. Finally, the current study describes results of
the care path way at short term. Long-term follow-up is
needed to evaluate the impact on patients’ health status
and healthcare usage. These results could guide further
improvements of the contents and organisation of care.
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In conclusion, our data demonstrate that a comprehen-
sive diagnostic and multidisciplinary care pathway for
patients with SSc in a day-care setting, combining as such
annual screening on organ involvement as indicated
according to (inter)national guidelines with multidiscip-
linary team care, is feasible. In general, adherence to the
care pathway was very high, and resulted in medical inter-
ventions in the majority of patients, independent of SSc
subtype and disease duration. Future evaluations are
needed to evaluate impact on disease outcome.
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