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ABSTRACT. Objective. Vasculopathy is a key factor in the pathophysiology of systemic sclerosis (SSc) and the
main cause for Raynaud phenomenon (RP), digital ulcers (DU), and/or pulmonary arterial hyper-
tension (PAH). It is so far unknown how patients with SSc are treated with vasoactive agents in daily
practice. To determine to which extent patients with SSc were treated with different vasoactive agents,
we used data from the German Network for Systemic Scleroderma registry.
Methods. The data of 3248 patients with SSc were analyzed.
Results. Patients were treated with vasoactive drugs in 61.1% of cases (1984/3248). Of these, 47.6%
received calcium channel inhibitors, followed by 34.2% treated with angiotensin-converting enzyme
(ACE) inhibitors, 21.1% treated with intravenous (IV) prostanoids, 10.1% with pentoxifylline, 8.8%
with angiotensin 1 receptor antagonists (AT1RA), 8.7% with endothelin 1 receptor antagonists
(ET1RA), 4.1% with phosphodiesterase type 5 (PDE5) inhibitors, and 5.3% with others. Patients with
RP received vasoactive therapy in 63.3% of cases, with DU in 70.1%, and with PAH in 78.2% of
cases. Logistic regression analysis revealed that patients with PAH were significantly more often
treated with PDE5 inhibitors and ET1RA, and those with DU with ET1RA and IV prostanoids. In
addition, 41.8% of patients were treated with ACE inhibitors and/or AT1RA. Patients registered after
2009 received significantly more often ET1RA, AT1RA, and IV prostanoids compared with patients
registered prior to 2005.
Conclusion. These data clearly indicate that many patients with SSc do not yet receive sufficient
vasoactive therapy. Further, in recent years, a marked change of treatment regimens can be observed.
(J Rheumatol First Release November 15 2015; doi:10.3899/jrheum.150382)
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Vasculopathy presents as a major clinical problem in patients
with systemic sclerosis (SSc) and is the main cause for
Raynaud phenomenon (RP), digital ulcerations (DU),
pulmonary hypertension, telangiectasia and/or renovascular
complications with proteinuria, and severe renal crisis1,2.

The pathophysiology of vasculopathy in SSc is complex
and only partially understood. It is a result of an imbalance
between vasoconstrictors and vasodilators. Endothelial cell
damage is one of the early events in SSc, although it is still
not definite whether this is also the initiating factor in this
multisystem disease3.

Unfortunately, no curative treatment strategies are
available yet; however, depending on organ manifestations,
several vasodilator agents are available to reverse vasocon-
striction4. These drugs are known to enhance vasodilation
and reduce vasoconstriction, and some are known to reduce
endothelial cell injury.

In 2009, the European League Against Rheumatism
(EULAR) Scleroderma Trials and Research group
(EUSTAR) published recommendations for the management
of organ manifestations in patients with SSc, including
vasoactive treatment options5,6. Evidence-based recommen-
dations have also been published by members of the German
Network for Systemic Scleroderma (DNSS) for the treatment
of RP7 and for the management of DU8. EUSTAR recom-
mended calcium channel inhibitors (CCI) as one of the first-
line treatment options for RP5,9. In addition, the EULAR
expert group included endothelin 1 receptor antagonists
(ET1RA, Bosentan) for digital vasculopathy and pulmonary
arterial hypertension (PAH). The European Medicines
Agency has approved this drug for the treatment of PAH and
the prevention of recurrent DU6,10,11,12. Other ET1RA
(ambrisentan, macitentan) are approved for the treatment of
PAH only13,14,15.

Intravenously (IV) applied prostanoids such as iloprost are
the gold standard for patients with active DU5. It has been
reported that iloprost improves RP as well as the healing of
already existing DU, reduces the frequency, duration, and
severity of RP attacks, and inhibits the formation of new
ulcers, with a beneficial effect beyond 9 weeks16,17,18.

Angiotensin-converting enzyme (ACE) inhibitors19, as
well as angiotensin 1 receptor antagonists (AT1RA)20, have
been used to encourage blood flow and improve clinical
features [RP, proteinuria, renal function, hypertension (HTN),
gastrointestinal symptoms] associated with vasculopathy21.
ACE inhibitors are known to have an effect on the endothelial
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function and vascular remodeling19, while AT1RA may have
also an antifibrotic effect beside the vasodilative action20.

Phosphodiesterase type 5 (PDE5) inhibitors are approved
for patients with erectile dysfunction as well as PAH, acting
through guanosine 3′,5′-cyclic monophosphate. However, a
single-center pilot study using sildenafil in patients with
therapy-refractory DU22, as well as a prospective, open-label,
uncontrolled pilot study using sildenafil for PAH23, indicated
a significant improvement in terms of severity and frequency
of RP24,25 and DU.

SSc is a very rare and heterogeneous disease in which
patients are treated by several subspecialties. This is often
associated with varying therapeutic approaches. There are no
data on the use of vasoactive therapy for patients with SSc in
a real-life setting. We therefore wanted to determine which
vasoactive agents are used and whether treatment approaches
change over time.

MATERIALS AND METHODS
The database of the DNSS, funded by the Federal Ministry of Education and
Research, was set up in October 2003 with the aim of improving clinical
care, diagnosis, followup, and treatment of patients presenting with different
disease manifestations. Currently, there are more than 40 clinical centers
involved, consisting of different subspecialties such as rheumatology, derma-
tology, pulmonology, and nephrology. The database holds data of more than
3200 patients. The 4-page, disease- and organ-specific questionnaire collects
a core set of clinical data to determine the current status of the disease,
including information on sex, date of birth, and onset of organ manifesta-
tions, as well as current symptoms, with characteristic laboratory data such
as antinuclear antibodies, as described26. Further, information on current
therapy including corticosteroid dosage, immunosuppressive treatment27,
and the use of vasoactive drugs is part of the DNSS questionnaire. Followup
visits and investigations (echocardiography, electrocardiogram, lung function
test, etc.) are recommended at least once per year, depending on the severity
of organ manifestations and the course of the disease. Data ranging from
2003 through 2013 were analyzed.
Symptom characteristics for vascular involvement. RP was defined by
repeated vasospasms of small digital arterioles/arteries at fingers and/or toes,
usually triggered by cold or emotional stress. Digital tip ischemia/ulcer were
defined as digital pitting scars, ulcerations or gangrene, or both located at
finger and/or toe tips.

PAH was verifiable in case of clinical evidence of right heart failure
and/or increased mean pulmonary arterial pressure (PAPm > 25 mmHg at
rest or PAP 30 mmHg during exercise), determined by right heart catheteri-
zation. Echocardiography was performed to identify likely PAH (estimated
right ventricular systolic pressure > 40 mmHg). Patients were diagnosed
with cardiac disease if palpitation, conduction disturbance, and/or diastolic
dysfunction was detectable. Kidney involvement was defined as renal insuf-
ficiency encompassing renal insufficiency due to acute renal crisis
(creatinine clearance age-related < 80 ml/min) or proteinuria as defined by
albuminuria ≥ 30 mg/24 h or ≥ 20 mg/l; proteinuria ≥ 300 mg/24 h or ≥ 200
mg/l26.

The Ethics Committee of the coordinating center (i.e., the Cologne
University Hospital) approved the patient information and consent form of
the DNSS registry, with which all participating centers sought the approval
of their local ethics committees prior to registering patients. To participate
in the study, all patients provided written informed consent.

Data distributions were summarized by number and percentage.
Association of prescription data, clinical data, and time were evaluated by
cross tabulation (Fisher’s exact test) and multivariable logistic regression
(backward, stepwise selection procedure; variables considered: age, sex, RP,

PAH, DU, HTN). For logistic regression models, OR, corresponding 95%
CI, and p values (Wald test) were given. To guard against Type I error
inflation resulting from multiple testing, only p values below 0.001 should
be considered to indicate statistical significance. Because the amount of
missing data was small (< 10%), analyses were based on complete cases.
Calculations and figures were carried out using SPSS (IBM Corp.) and Excel
(Microsoft Corp.).

RESULTS
From 2003 to 2013, a total of 3248 patients diagnosed with
SSc have been registered in the database of the DNSS. Of
these, 47.9% (1555/3248) were diagnosed as limited SSc
(lcSSc), 30.0% (976/3248) as diffuse SSc (dcSSc), 10.0%
(325/3248) as SSc-overlap syndromes, 8.2% (267/3248) as
undifferentiated SSc, and 0.7% (23/3248) as SSc sine sclero-
derma, as described26,27,28 (Table 1).

Information on the application of vasoactive drugs existed
in 95.6% (3104/3248) of cases (144, 4.4% data were
missing), including information on the use of ACE inhibitors
as well as other vasodilative agents, e.g., CCI, ET1RA, PDE5
inhibitors, α-blockers, AT1RA, and prostanoids, as well as
topical treatment (nitrates).

Clinical characteristics and information on their vaso -
active treatment were evaluated at the first visit and during
all followups. The duration of the followup visits was
variable among registered patients depending on the severity
of organ manifestations. Information on clinical features and
therapy was available for 1785 patients after their second
followup visit (median ± SD followup time between first visit
and second followup 1.1 ± 1.2 yrs), followed by 1206 patients
after the third (median ± SD followup time between first visit
and third followup 2.3 ± 1.3 yrs), 849 patients after the fourth
(median ± SD followup time between first visit and fourth
followup 3.3 ± 1.6 yrs), 571 after the fifth (4.3 ± 1.7 yrs), and
371 after the sixth (5.3 ± 1.7 yrs).

Of 3248 patients, 61.1% (n = 1984) were treated with
vasoactive agents, and 63.3% (1255/1984) of patients treated
with vasoactive drugs received just 1 drug compared with
28.0% (556/1984) who received more than 1 vasodilative
drug (7.7%; missing data).

Among these patients (initial visit, inclusion into the
registry), 47.6% (945/1984) received CCI, followed by
34.2% (678/1984) treated with ACE inhibitors, 21.1%
(419/1984) treated with IV prostanoids (iloprost, alprostadil),
10.1% (201/1984) with pentoxifylline, 8.8% (175/1984) with
AT1RA, 8.7% (173/1984) with ET1RA, 4.1% (82/1984) with
PDE5 inhibitors, 2.4% (48/1984) with topical vasodilative
agents, 1.0% with α-blocker, and 1.9% (38/1984) with other
medications, including moxonidine, nitrates, and serotonin
reuptake inhibitors (Table 1).

The overall frequency of vasoactive treatment did not
differ significantly among the 3 major SSc subsets (e.g.,
65.9% of lcSSc, 66.3% of dcSSc, and 57.8% of the
SSc-overlap syndromes), sex, or autoantibody status.
However, patients with a modified Rodnan skin score
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(mRSS) of more than 15 received vasoactive treatment
significantly more often (70.1%) compared with those
patients with an mRSS < 10 (62.5%, p = 0.001). Further, a
similar number of patients, treated by different subspecialties,
received vasoactive treatment. Patients treated by rheumatol-
ogists received vasoactive treatment in 63.7% of cases
compared with 64.3% of patients treated by dermatologists.
Interestingly, significantly more patients registered in centers
for internal medicine were treated with ET1RA (11.4% vs
7.0%, p = 0.002) and PDE5 inhibitors (6.4% vs 1.7%, p <
0.0001), while significantly more patients seen in dermato-
logical centers were treated with IV prostanoids (28.3% vs
20.5%, p < 0.0001). These patient groups did not differ
significantly in organ manifestations or clinical features,
which required vasoactive treatment or reflect severity of the
disease.
Vasoactive treatment depending on RP, DU, PAH, and the age
at disease onset. Independently of concomitant manifesta-
tions, 65.1% of patients with RP received vasoactive

treatment, 84.7% of patients with PAH, and 76.4% of patients
with DU (p < 0.0001).

Focusing on those patients, who were positive for only 1
vasculopathic manifestation, significantly more patients with
a history of PAH but without simultaneous DU (84.2% vs
15.8%, p < 0.0001) received vasoactive therapy, which was
also true for those with DU, but not simultaneously with PAH
(74.7% vs 33.2%, p < 0.0001; Figure 1A). Of those, patients
with PAH were treated more often with PDE5 inhibitors
(16.4%) and ET1RA (24.1%), while 52.7% of patients with
DU received CCI and 24% IV prostanoids (Figure 1B).

Logistic regression analyses clearly indicated that patients
diagnosed with PAH had a significantly increased chance to
be treated with ET1RA (OR 6.9, 95% CI 4.8–9.8, p < 0.001).
PDE5 inhibitors were significantly more often prescribed in
patients with PAH (OR 7.2, 95% CI 4.5–11.7, p < 0.001), and
ET1RA significantly more often in patients with DU (OR 2.8,
95% CI 2.0–3.9, p < 0.001). For the treatment with ACE
inhibitors and/or AT1RA, independent factors were sex
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Table 1. Patient characteristics with frequencies of sex, SSc subsets, ANA, organ involvement, current symptoms, and vasoactive therapies together with (A)
the frequency of missing data for all patients and for 2 different age groups, including (B) the frequencies as well as the p values (Fisher’s exact test). 

Characteristics (A) (B)
Total, % (n) Missing Data, % (n) Age 18–65 Yrs, n = 2439 Age > 65 Yrs, n = 697 p

Female 81.7 (2652/3248) 0.2 (5/3248) 80.9 83.9 0.076
Male 18.2 (591/3248) 19.1 16.1
lcSSc 47.9 (1555/3248) 2.0 (64/3248) 52.5 62.5 < 0.0001
dcSSc 30.0 (976/3248) 36.1 27.4
SSc overlap syndrome 10.0 (325/3248) 11.4 10.1
ANA

Scl-70/ATA-positive 26.4 (859/3248) 7.0 (226/3248) 30.4 21.6 < 0.0001
ACA-positive 34.3 (1113/3248) 6.2 (202/3248) 34.5 46.0 < 0.0001

Organ involvement
RP 93.2 (3026/3248) 1.9 (62/3248) 95.7 93.6 0.031
PAH 13.4 (434/3248) 8.5 (275/3248) 13.4 20.3 < 0.0001
Kidney 8.7 (281/3248) 8.5 (275/3248) 9.5 10.0 0.695
Heart 12.6 (409/3248) 8.4 (273/3248) 13.6 14.2 0.688

Current symptoms
DU 25.7 (836/3248) 4.3 (139/3248) 28.5 20.5 < 0.0001
HTN 22.7 (736/3248) 4.8 (156/3248) 22.2 30.5 < 0.0001
Renal insufficiency 10.7 (347/3248) 5.3 (173/3248) 10.8 13.5 0.060
Proteinuria 8.1 (263/3248) 6.1 (199/3248) 8.9 7.6 0.304

Vasoactive therapies
Vasoactive drugs 61.1 (1984/3248) 4.4 (144/3248) 63.9 65.7 0.409
ACE inhibitors 34.2 (678/1984) 0.3 (6/1984) 33.7 37.0 0.228
CCI 47.6 (945/1984) 10.1 (200/1984) 54.2 49.1 0.084
PDE5 inhibitors 4.1 (82/1984) 10.1 (200/1984) 4.6 4.4 1.000
ET1RA 8.7 (173/1984) 10.1 (200/1984) 9.4 10.5 0.497
ß-blocker 10.6 (211/1984) 10.1 (200/1984) 11.0 15.2 0.033
α-blocker 1.0 (19/1984) 10.1 (200/1984) 0.7 2.3 0.013
AT1RA 8.8 (175/1984) 10.1 (200/1984) 8.4 14.9 < 0.0001
Pentoxifylline 10.1 (201/1984) 10.1 (200/1984) 12.4 8.2 0.030
IV prostanoids 21.1 (419/1984) 10.1 (200/1984) 24.9 19.5 0.030
Topical vasoactive treatment 2.4 (48/1984) 10.1 (200/1984) 2.6 3.1 0.725

SSc: systemic sclerosis; ANA: antinuclear antibodies; lcSSc: limited cutaneous SSc; dcSSc: diffuse cutaneous SSc; ATA: antitopoisomerase antibody; ACA:
anticentromere antibody; RP: Raynaud phenomenon; PAH: pulmonary arterial hypertension; DU: digital ulcers; HTN: hypertension; ACE: angio -
tensin-converting enzyme; CCI: calcium channel inhibitors; PDE5: phosphodiesterase type 5; ET1RA: endothelin 1 receptor antagonists; AT1RA: angiotensin
1 receptor antagonists; IV: intravenous.
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Figure 1. (A) The use of vasoactive drugs in total depending on symptoms/organ manifestations (all p < 0.0001) and (B) the division into the most frequently
used vasoactive drugs. Significant differences among the 3 groups were found for CCI, PDE5 inhibitors, ET1RA, ACE inhibitors, and IV prostanoids (p < 0.001).
Triple-negative patients were not considered here. * RP-positive versus negative, but without PAH and DU. ** PAH-positive versus negative, but without DU.
*** DU-positive versus negative, but without PAH. CCI: calcium channel inhibitors; PDE5: phosphodiesterase type 5; ET1RA: endothelin 1 receptor antagonists;
ACE: angiotensin-converting enzyme; IV: intravenous; RP: Raynaud phenomenon; PAH: pulmonary arterial hypertension; DU: digital ulcers.
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(female OR 0.6, 95% CI 0.5–0.7, p < 0.001), age (1.007, 95%
CI 1.002–1.011, p = 0.006), PAH (OR 1.8, 95% CI 1.5–2.3,
p < 0.001), and HTN (OR 5.4, 95% CI 4.5–6.5, p < 0.001),
whereas RP (OR 5.1, 95% CI 1.2–21.4, p = 0.026) and DU
(OR 1.7, 95% CI 1.4–2.2, p < 0.001) were associated with
the prescription of IV prostanoids (Table 2).

Interestingly, in our patient cohort, elderly patients (age
of disease onset above 65 yrs) had significantly more PAH
(20.3%) compared with those with an age at disease onset
between 18 and 65 years (13.4%, p < 0.0001). There was no
significant difference in treatment strategies in both age
groups (Table 1B).
Vasoactive treatment depending on the observation time.
Comparing different observation periods, the overall
percentage of patients receiving vasoactive therapy showed
no change in treatment prior to 2005 and after 2009.
However, the frequency of the use of different drug classes
changed remarkably over the observation time (Table 3;
Figure 2).

The number of patients receiving ACE inhibitors and/or
AT1RA after 2009 compared with the number prior to 2005
increased significantly (Table 3). Focusing on the data of the
followup visits between 2003 and 2013, the frequency of the
use of ET1RA increased clearly since 2003 and for PDE5
inhibitors slightly after 2006 (Figure 2). In addition, the
number of prescriptions (exemplary for RP) decreased between
2003 and 2013 for CCI and pentoxifylline (Figure 2).

When patients registered after 2009 were compared with
patients registered prior to 2005, it was found that after 2009,
significantly more patients received ET1RA (12.2% vs 5.9%,
p < 0.0001), AT1RA (12.3% vs 5.4%, p < 0.0001), and IV
prostanoids (26.8% vs 17.7%, p < 0.001).

DISCUSSION
Vasculopathy as the leading cause of RP, DU, renal failure,
as well as for PAH, plays a central role in morbidity and
mortality of patients with SSc. In reanalyses, a number of
new drugs have become available that target organ compli-
cations such as PAH and DU. Also, for the first time,
consensus basal treatment recommendations were developed
and published by EULAR in 2009. However, the number of
controlled clinical studies showing clear evidence for amelio-

rating vasculopathy in patients with SSc is still very limited29.
This is clearly because of (1) the lack of clinical studies with
sufficient power, (2) the varying efficacy of available targeting
drugs, (3) the heterogeneity of clinical features, and (4) the
varying response to different therapy approaches. A study by
Pope, et al, including data from 2004 through 2011, analyzed
the influence of the EULAR guidelines on treatment strategies
by comparing data before and after 2009 and did not find a
significant change in treatment strategies before and after the
EULAR recommendations were published in 200930.

In the light of these facts, it was of great interest and
importance to us as to how vascular disease has been treated
in clinical centers in Germany. Therefore, we evaluated the
current application of vasoactive drugs and a potential associ-
ation with organ involvement and other clinical features in
patients with SSc registered at the DNSS between 2003 and
2013.

In this cohort, the most commonly prescribed vasoactive
drugs were CCI (47.6%), followed by ACE inhibitors (34.2%)
and IV prostanoids (21.1%).

Our analysis showed that only 58.1% of patients with RP
were treated with vasoactive drugs and of those, only 56.2%
received CCI. Similar frequencies (60%) were also described
in the Canadian cohort30.

Patients with DU received vasodilating agents only in
74.7% of cases, and again only 24.0% of those were treated
with IV prostanoids and 11.2% with ET1RA. These findings
are in contrast to the data of the Canadian cohort. Because
IV prostanoids are not approved for the treatment of DU in
Canada, only about 5% of the patients received this drug30.
According to the EULAR recommendations for the treatment
of SSc5, CCI have to be considered for first-line therapy for
RP, IV prostanoids for active DU, and ET1RA (bosentan) for
patients with multiple and recurring DU after failed therapy
with CCI and prostanoids. Further, a published metaanalysis
on healing and preventing DU revealed that PDE5 inhibitors
were helpful in the healing of DU, while bosentan and
iloprost may prevent new DU31 and attenuate the devel-
opment of PAH32.

The lack of evidence for the benefit of pentoxifylline in
patients with SSc clearly correlated with the decrease in the
use of this drug between 2003 and 2013.
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Table 2. Independent clinical features/risk factors associated with the use of vasoactive drugs (multivariable logistic regression). Values are OR (95% CI).

Characteristics PDE5 Inhibitors ET1RA ACE Inhibitors and/or AT1RA IV Prostanoids

Female — — 0.6 (0.5–0.7), p < 0.001 —
Age, yrs — — 1.007 (1.002–1.011), p = 0.006 —
RP — — — 5.1 (1.2–21.4), p = 0.026
PAH 7.2 (4.5–11.7), p < 0.001 6.9 (4.8–9.8), p < 0.001 1.8 (1.5–2.3), p < 0.001 —
DU 1.5 (0.9–2.4), p = 0.095 2.8 (2.0–3.9), p < 0.001 — 1.7 (1.4–2.2), p < 0.001
HTN — — 5.4 (4.5–6.5), p < 0.001 0.7 (0.5–0.9), p = 0.005

PDE5: phosphodiesterase type 5; ET1RA: endothelin 1 receptor antagonists; ACE: angiotensin-converting enzyme; AT1RA: angiotensin 1 receptor antagonists;
IV: intravenous; RP: Raynaud phenomenon; PAH: pulmonary arterial hypertension; DU: digital ulcers; HTN: hypertension.
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The EUSTAR has also recommended the use of bosentan
or sildenafil in patients with SSc-associated PAH, and the use
of ACE inhibitors in case of scleroderma renal crisis5. Of the
patients, 84.2% with PAH in our cohort were treated with
vasodilating agents and of these, 24.1% were treated with
ET1RA and 16.4% with PDE5 inhibitors. Interestingly, the
frequency of the use of PDE5 inhibitors in patients with
idiopathic PAH increased after 2006, which might be attri -
butable to the drug approval in 200633. Moreover, the use of
ET1RA increased since 2003 after it was approved for the
treatment for PAH (World Health Organization III) in 2002
and for DU in 2007. Again because of a lack of drug
approval, fewer patients have been treated in Canada with
ET1RA and PDE5 inhibitors30.

Our data confirm already existing treatment recommen-
dations because (1) patients with PAH had a significantly

increased chance to be treated with vasodilative drugs in
general, but also to be started with ET1RA or PDE5
inhibitors, and (2) patients with DU had a 2-fold increase in
the probability to be treated with vasodilative drugs,
especially with ET1RA and IV prostanoids.

Unexpectedly, about one-third of patients received ACE
inhibitors or AT1RA. This reflects the use of this drug class
as first-line therapy in patients with HTN and/or proteinuria5. 
Further, although overall frequency of vasoactive therapy did
not differ between rheumatologists and dermatologists,
significant differences were found for the drugs used. Of
these, significantly more patients reviewed by rheumatolo-
gists received ET1RA and PDE5 inhibitors compared with
patients seen by dermatologists who were treated signifi-
cantly more often with IV prostanoids.

To evaluate whether treatment recommendations change
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Table 3. The use of vasoactive drugs depending on different vasculopathic clinical signs and the first visit/regis-
tration of the patient (before 2005 and after 2009). There was no significant difference between the different regis-
tration periods for ACE inhibitors and PDE5 inhibitors. Values are % unless otherwise specified.

Variables RP+/DU–/PAH– p
2005, n = 344 2009, n = 410

All 59.7 59.9 0.956
CCI 61.3 53.2 0.027
PDE5 inhibitors 0.6 1.5 0.302
ET1RA 0.9 5.1 < 0.001
ACE inhibitors 19.0 20.5 0.502
AT1RA 5.5 13.7 < 0.0001
Pentoxifylline 20.3 7.1 < 0.0001
IV prostanoids 14.8 25.1 < 0.001

Variables DU+/PAH– p
2005, n = 141 2009, n = 199

All 77.5 75.4 0.661
CCI 62.4 45.2 0.002
PDE5 inhibitors 1.4 5.5 0.082
ET1RA 3.5 19.6 < 0.0001
ACE inhibitors 20.9 24.3 0.437
AT1RA 2.8 7.5 0.092
Pentoxifylline 12.8 11.1 0.733
IV prostanoids 27.7 30.7 0.629

Variables PAH+/DU– p
2005, n = 68 2009, n = 78

All 77.2 89.6 0.023
CCI 45.6 47.4 0.869
PDE5 inhibitors 14.7 16.7 0.822
ET1RA 23.5 17.9 0.420
ACE inhibitors 30.7 41.7 0.138
AT1RA 10.3 12.8 0.797
Pentoxifylline 26.5 3.8 < 0.0001
IV prostanoids 4.4 23.1 0.002

Significant data are in bold face. ACE: angiotensin-converting enzyme; PDE5: phosphodiesterase type 5; CCI:
calcium channel inhibitors; ET1RA: endothelin 1 receptor antagonists; AT1RA: angiotensin 1 receptor antagonists;
IV: intravenous; RP: Raynaud phenomenon; DU: digital ulcers; PAH: pulmonary arterial hypertension.
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the way and frequency of treatment strategies, we compared
patients who were registered prior to 2005 and those regis-
tered after 2009. The comparison revealed a significant
increase of patients who were treated with vasodilative drugs,
especially for patients with RP. The frequency of patients
treated with ET1RA, AT1RA, and IV prostanoids has
increased significantly, while the use of pentoxifylline has
decreased significantly (Table 2). This is also true for the use
of ET1RA in patients with DU (p < 0.001), which is certainly
associated with the first reports about the preventive effect
of bosentan in patients with DU around 200410,34. IV
prostanoids were clearly more often used after 2009 (p <
0.001) and especially in those patients presenting with RP 
(p = 0.001) and PAH (p = 0.002), but interestingly no signifi -
cant raise was detectable in patients with DU (intermittent
use). Altogether, management of patients with vasculopathies
has considerably improved compared with the status when
patients were registered in the first years of DNSS. At the
time, CCI were the first-line therapy in most centers, but often
applied in insufficient dosages, and only 21.2% of patients
with DU had received prostacyclins35. These data show that
the standardized management and treatment recommendations
have reached clinical practice and improved management of
patients with SSc and vasculopathy.

A number of limitations have to be considered for this
study. SSc is a multisystem disease and different organ

involvements are induced by vascular involvement. There -
fore, a patient with RP and DU may receive 2 vasoactive
agents (i.e., CCI and ET1RA, etc.). The questionnaire, for the
sake of feasibility, however, is not able to identify which drug
has been used for which symptom. This also holds true for
the data identification of comorbid disorders, side effects, and
average dosage and duration of the treatment used, as well
as information on improvement or aggravation of symptoms
after initiation of treatment.

Our study shows that many patients with SSc with signs
of vasculopathy do not yet receive sufficient vasoactive
treatment. Nevertheless, the introduction of new classes of
vasoactive drugs in recent years has significantly improved
both treatment recommendations and options in clinical
practice.
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