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ABSTRACT

Introduction: Vasculopathy is a crucial feature of systemic sclerosis (SSc). It occurs in almost every patient with 
SSc, with Raynaud’s phenomenon (RP) and digital ulcers (DU) having a great impact on the quality of patients’ lives. 
Intravenous (IV) iloprost, a synthetic analogue of prostacyclin, is broadly used to treat RP and DU secondary to 
SSc. Currently, there is no standard protocol defined for the iloprost treatment of SSc-associated RP and DU, and, 
consequently, the management of this treatment is largely based on each centre’s experience.
Objective: The objective of this study is to evaluate the safety profile of a particular scheme of IV iloprost used in 
our centre as the standard treatment of SSc-related vascular complications. 
Methods: We retrospectively evaluated the clinical records of SSc patients, classified according to the 2013 European 
Alliance of Associations for Rheumatology (EULAR) criteria (31) with SSc-related DU and/or severe RP not responsive 
to calcium channel blockers (CCB), receiving or who have received IV iloprost infusions from January 1st 2011 to 
March 31st 2021
Results: Within this time frame, 60 patients (n=44 for DU; n=16 for severe RP) were treated with a monthly 10-
hour IV iloprost perfusion with a dosing regimen adapted to individual tolerance. Forty-nine of these 60 patients 
(81.7%) were on iloprost for more than one year. Within 12 months of therapy, 40 patients have healed the DUs 
(90.9%), with only 4 patients maintaining active DUs. A significant clinical improvement in RP at 12 months was 
observed in 87.5% (n=14/16) of SSc patients with severe RP. Eleven AE implying treatment dose/frequency adjust-
ments or suspension were recorded (18.3% of patients): severe headache (n=5), hypotension (n=3), tachycardia 
(n=1), flushing (n=1) and generalised erythroderma (n=1). In all patients, the perfusion rate was reduced in the fol-
lowing treatment sessions with good tolerance, with the exception of the patient with the generalised erythroderma 
reaction, who suspended the perfusion and was later switched to bosentan. After a mean follow-up time of 6.9 (+/-) 
4.0 years of treatment (range 0.06-22), 24 patients (40%) stopped the therapy, 14 (58.3%) of whom due to clinical 
improvement. The overall 5-, and 10-year survival rates of IV iloprost were 68.2% and 55.6%, respectively.
Conclusion: SSc patients who received this flexible IV iloprost regimen achieved clinical improvement, reflected in the high 
persistence rate of the drug, with a good tolerability profile. In addition, most side effects were mild and easily managed. 
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INTRODUCTION 
Systemic sclerosis (SSc) is a complex connective tissue 
disease characterised by autoimmunity, progressive 
generalised obliterative vasculopathy and widespread 
aberrant tissue fibrosis1,2. Although SSc’s pathophysi-
ological mechanisms are still elusive, vascular damage 
is generally considered an early event in the natural 

history of this disease3. Digital vasculopathy occurs in 
almost every patient with SSc and can range in severity 
from painless Raynaud phenomenon (RP) to irrevers-
ible ischaemic tissue injury causing gangrene, poten-
tially leading to amputation4.

RP is the most common symptom and one of the 
warning signs of the disease2,3. Whereas in primary RP, 
tissue ischaemia is transient or reversible, in secondary 
SSc-associated RP, persistent tissue ischaemia can oc-
cur, resulting in digital ulceration or gangrene5. Digital 
ulcers (DU) are common in patients with SSc, with a 
point prevalence of around 10% and around half of the 
patients experiencing DUs during their disease course6. 
Despite the availability of effective treatments to pre-
vent and heal DUs, one-third of patients suffers recur-
rent ulceration. SSc-associated DU are recognised as a 
poor prognostic factor, including increased risk for pro-
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the iloprost treatment of SSc-associated RP and DU. 
Over the years, several studies and RCTs evaluated dif-
ferent therapeutic schemes. Wigley et al. performed a 
multicentre, double-blind, placebo-controlled RCT to 
evaluate the efficacy and safety of six-hour IV infusions 
of iloprost (0.5-2.0 ng/kg/min) in five consecutive 
days for the treatment of RP28. Iloprost improved the 
frequency of Raynaud attacks and the patient’s overall 
perceptions of the severity of their attacks28. Clinical 
benefits persisted for as long as nine weeks after treat-
ment28. Rademaker et al. performed a double-blind, 
placebo-controlled RCT, over 12 weeks, to compare 
eight-hour IV infusions of iloprost (0.5–2 ng/kg/min) 
in three consecutive days, with a further single infu-
sion at week 8, versus daily nifedipine (starting at 30 
mg and increased to 60 mg after four weeks)29. There 
was a significant decrease in the frequency, duration, 
and severity of RP attacks with both treatments and a 
numeric reduction of digital lesions. With nifedipine, 
however, the side effects were more common29. Scorza 
et al. performed a 12-month RCT to compare the effi-
cacy and safety of eight-hour IV infusions of iloprost 
(2 ng/kg/min) on five consecutive days, followed by 
additional single-day infusions every six weeks, versus 
nifedipine 40 mg/day19. A more recent retrospective 
study designed to evaluate the safety and tolerability of 
IV iloprost demonstrated its safety when administered 
weekly in patients with SSc30.

These studies show that IV iloprost is an effective 
treatment for vascular complications of SSc, but there 
is no consensus regarding the best infusion protocol.

Our study aimed to evaluate the safety profile, tol-
erability and effectiveness of the IV iloprost treatment 
regimen used in our centre, in a real-life scenario, as 
the standard treatment of SSc-related vascular compli-
cations.

MATERIAL AND METHODS
We evaluated the clinical records of SSc patients, clas-
sified according to the 2013 European Alliance of As-
sociations for Rheumatology (EULAR) criteria31 with 
SSc-related DU and/or severe RP not responsive to CCB, 
receiving or who have received IV iloprost infusions 
from January 1st 2011 to March 31st 2021. There were 
no restrictions concerning combination treatments for 
SSc or comorbidities. Severe RP was defined by more 
than two attacks/day with intense pain, paraesthesia, 
loss of manual dexterity or necrosis of the digits. Mild 
RP was characterised by less than one daily attack with 
no associated pain.

IV iloprost was prepared by diluting a vial of iloprost 
0.05 mg in 250 ml of 0.9% saline solution (200 ng/
ml). The treatment schedule consisted of a ten-hour 
single-day infusion every month. This is a protocol that 

gressive disease and death6-8. Furthermore, DU may be 
complicated, primarily by infections that can progress 
to gangrene or osteomyelitis and lead to amputation6. 
These complications, often requiring hospitalisation, 
increase the disease’s burden on patient function and 
quality of life, as well as the cost of treatment9-11. There-
fore, SSc-related vasculopathy’s treatments represent 
priorities for clinicians dealing with SSc12.

Currently, several drugs are available to manage RP 
and DU, such as calcium channel blockers (CCB), phos-
phodiesterase type V inhibitors (PDEVi), prostanoids, 
angiotensin II receptor antagonists, angiotensin-con-
verting enzyme inhibitors, alpha-blockers, selective 
serotonin reuptake inhibitors, platelet aggregation in-
hibitors, and endothelin-1 receptor antagonists13,14. A 
systematic review of the literature reported that CCB, 
intravenous (IV) iloprost, bosentan, and tadalafil show 
the best evidence of efficacy in treating RP and DU, 
supporting the EUSTAR recommendations14,15.

Iloprost is a stable analogue of natural prostacyclin 
(PGI2), which inhibits platelet aggregation and adhe-
sion, dilates arterioles and venules, activates fibrinoly-
sis, and reduces the release of oxygen-reactive species. 
On fibroblasts, iloprost blocks the activation of con-
nective tissue growth factor, inhibits the expression of 
collagen type 1 (induced by interleukin 1, transforming 
growth factor-alpha and beta [TGF-α and β], insulin-like 
growth factor 1 [IGF-1], and platelet-derived growth fac-
tor [PDGF]16, 17), and inhibits the expression of vascu-
lar cell adhesion molecule-1 and intercellular adhesion 
molecule-118.

In daily practice, iloprost is used to manage criti-
cal leg ischemia, RP and ischemic ulcers secondary to 
connective tissue diseases19-21. A meta-analysis that in-
cluded five randomised controlled trials (RCTs) of IV 
iloprost, one RCT of oral iloprost and one RCT of oral 
cisaprost21-26, included a total of 332 SSc patients. Five 
of the seven trials were of parallel design. Five trials 
compared IV iloprost and one trial studied oral iloprost 
and another oral cisaprost. Some trials were dose find-
ing trials so various doses of iIloprost were used, as 
summarized in Table I. None of the protocols included 
a monthly 10-hour infusion. Due to different efficacies 
of IV iloprost, oral iloprost and oral cisaprost, the over-
all efficacy of these drugs was somewhat diluted. The 
results showed that iloprost appears to be effective in 
reducing the frequency and severity of SSc-associated 
RP and in preventing or healing DUs. The effect seems 
to be prolonged even after the intravenous infusion is 
stopped. Oral iloprost may be less efficacious than IV 
iloprost. However, cisaprost had minimal or no efficacy 
when given orally for the treatment of RP secondary to 
scleroderma27.

Currently, there is no standard protocol defined for 
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infusion or in the following hours after treatment. The 
number and characteristics of AE were analysed and 
classified according to severity and frequency. It was 
also recorded if the AE led to iloprost dose reduction, 
temporary suspension, or drug discontinuation. For AE 
treatment, therapeutic interventions were also recorded 
(e.g., paracetamol for headaches).

Regarding statistical analysis, continuous variables 
with normal distributions were reported as means 
and standard deviations. If continuous variables had 
skewed distributions, the medians and interquartile 
ranges were reported. Categorical variables were pre-
sented as absolute frequencies and percentages. Drug 
survival within the first five years since treatment on-
set was assessed using Kaplan-Meier survival analysis. 
Statistical analysis was performed using SPSS software 
(IBM, version 23, Armonk, NY, USA). All calculations 
made were based on the observed data.

RESULTS
Patient clinical and demographic 
characteristics
In the time interval assessed, 60 patients were under 
treatment with IV iloprost according to this treatment 
protocol in our centre, from January 1st2011 to March 
31st2021. Of these 60 patients, only 49 were on treat-
ment for more than one year. In 8.3% (n=5/60) of the 
patients the treatment regimen was done in inpatients, 
with the rest being done in day hospital. SSc patients’ 
demographic and clinical features are presented in Ta-
ble II. Most patients were females (96.7%) with a me-

has been implemented in our service for several years 
to date with good results. The time interval of ten-hour 
allows for the administration of the required dose in 
a time interval that reduces the likelihood of adverse 
effects occurring. 

In more severe cases of RP or DUs, a five consecu-
tive day regimen could be chosen as induction. Over 
the ten hours of perfusion, the dose was progressively 
increased up to the patient’s maximum tolerated dose 
(ranging from 0.5 to 1.5 ng/kg/min). The infusion rate 
was started at 4 ml/h and increased according to the 
following scheme: 4 mL/h (first hour), 8 mL/h (second 
hour), 12 mL/h (third hour), and then 16 mL/h if tol-
erated by the patient, until the end of the infusion. The 
infusion rate could be reduced if there were any adverse 
events (AE) during the infusion and the following treat-
ment sessions were adjusted accordingly. No pre-treat-
ment regimen was employed (Figure 1). We considered 
the following AE as possible reactions to iloprost in-
fusion: diarrhea, hypotension, painful digital swelling, 
flushing, headache, agitation, arrhythmia.

All patients usually receive treatment from Septem-
ber to July, except those with severe DUs, who may re-
ceive iloprost throughout the year. The improvement 
criteria for DUs were defined as resolution with assess-
ment at the end of the first, sixth and twelve months of 
treatment. As for RP, its improvement was evaluated by 
the severity of attacks.

To evaluate the safety and tolerability of the infusion 
therapy with iloprost, we recorded the infusion rate 
(ng/kg/min) and the occurrence of any AE during the 

Table I. Characteristics of included studies analyzing different iloprost schemes

Reference Patient population Treatment scheme details

McHugh 1988 (25)
29 pts with severe RP, all suffering at least 12 attacks 
per week

Each treatment consisted of three 6-hour infusions of iloprost or 
placebo on 3 consecutive days, every six weeks. Iloprost dosage 
was 2.0 ng/kg/min

Yardumian 1988 (26) 12 pts with severe secondary RP

3-day infusion of iloprost or placebo
Day 1-1 mg/kg/min
Day 2-2 mg/kg/min
Day 3-3 mg/kg/min followed by a 6-week washout period and then 
a second treatment course

Kyle 1992 (23)
13 pts with RP severe enough to warrant admission 
to hospital for IV

A cycle of treatment of IV iloprost 6 h infusions on 3 consecutive 
days

Wigley 1992 (21) 35 pts with RP secondary to SSc 
Iloprost (0.5-2.0ng/kg/min) or placebo over 6 hours IV for 5 con-
secutive days

Wigley 1994 (28)
131 pts with Raynaud's Phenomenon secondary to 
SSc

Pts randomly assigned to receive 1 of 2 parallel treatments of 5 
daily sequential 6-hour IV infusions of iloprost
0.5 to 2.0 ng/kg per min or to receive a similar volume of Placebo.
Duration: 11 weeks

IV – intravenous; pts – patients; RP - raynaud’s phenomenon; SSc - Systemic Sclerosis
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Table II. Demographic and clinical data of SSc 
patients  

Demographic data

Female, n (%) 58 (96.7)

Mean age, years ± SD 55.7 ± 19.3

Mean age at diagnosis, years ± SD 47.9 ± 18

Median disease duration, years (range) 13.9 (1-55)

Median disease duration at the beginning of the 
treatment, years (range)

2.4 (0.3-6)

Clinical subtypes

dcSSc, n (%) 9 (15)

lcSSc, n (%) 37 (61.7)

Sine scleroderma, n (%) 1 (1.7)

VEDOSS, n (%) 1 (1.7)

Overlap syndrome, n (%) 12 (20)

Auto-antibody

Anti-Scl 70, n (%) 8 (13.3)

ACA, n (%) 40 (66.7)

Pm/Scl, n (%) 12 (20)

Clinical manifestations

Raynaud phenomenon, n(%) 60 (100)

Digital ulcers (active/history), n (%) 44 (73.3)

Telangiectasia, n (%) 38 (63.3)

Calcinosis, n (%) 7 (11.7)

Dysphagia, n (%) 11 (18.3)

Reflux, n (%) 29 (48.3)

ILD, n (%) 19 (31.7)

PAH, n (%) 3 (5)

Arthritis/arthralgia, n (%) 28 (46.7)

Concomitant treatment

Nifedipine/amlodipine, n (%) 58 (96.7)

Bosentan, n (%) 14 (23.3)

Sildenafil, n (%) 4 (6.7)

ACA – anticentromere; dcSSc - Diffuse cutaneous systemic sclerosis; ILD – 
Interstitial lung disease; lcSSc. - limited cutaneous SSc; PAH – Pulmonary 
Arterial hypertension; SD - standard deviation; VEDOSS - very early diagnosis 
of systemic sclerosis

Table III. Adverse events leading to IV iloprost 
dose/frequency adjustments or suspension 

Adverse event n (%)

Headache 5 (45.4%)

Hypotension 3 (27.3%)

Tachycardia 1 (9.1%)

Generalised erythroderma 1 (9.1%)

Flushing 1 (9.1%)

Total 11 (100%)

(11.7%) patients had calcinosis at the beginning of ilo-
prost treatment.

As for concomitant treatments, 58 (96.7%) patients 
were under treatment with CCB, whilst bosentan and 
sildenafil were being used by fourteen (23.3%) and 
four (6.7%) patients, respectively. Sildenafil was used as 
concomitant treatment in patients with severe RP, while 
bosentan was prescribed to prevent new ulcerations in 
13 patients and for pulmonary hypertension in one.

Clinical indication and efficacy of  
IV iloprost
The reasons for starting iloprost were moderate–severe 
RP (more than two attacks/day with moderate pain) 
not responsive to CCB (n=16) and/or SSc related DU 
(n=44). The mean duration of treatment up to our 
analysis was 6.9 (±) 4.0 years (range 0.06-22). In to-
tal, these patients performed a total of 1634 iloprost 
cycles. Five patients with severe RP and DUs received 
the IV Iloprost 5 consecutive day regimen as induction 
therapy. The remaining performed the treatment sched-
ule consisted of a ten-hour single-day infusion every 
month.

Thirty-one out of 44 patients with DUs (70.5%) 
had clinical resolution within the first month of ther-
apy, and 38 patients (86.4%) resolved within the first 
6 months. Within 12 months of therapy, 40 patients 
(90.9%) healed the DUs, with only 4 patients maintain-
ing active DUs. Regarding the 16 patients with severe 
RP, significant improvement occurred in the first month 
in 9 patients (56.3%), rising to a total of 12 patients 
after 6 months (82%). Within 12 months of therapy, 14 
patients with severe RP (87.5%) had significant clinical 
improvement of the problem, with only 2 patients re-
maining with clinical RP (one with mild and one with 
severe RP).

Safety and adverse events
Eleven AE implying treatment dose/frequency adjust-

dian disease duration of 13.9 (range 1–55) years. The 
SSc limited cutaneous subset was the most frequent 
(37 patients, 61.7%). The anticentromere (ACA) an-
tibody was present in 40 (66.7%) patients. Fifty-four 
(90%) patients had active or a history of DU, and seven 
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DISCUSSION
Several studies showed the efficacy of iloprost in treat-
ing vascular manifestations of SSc, namely RP and 
DU23-25, using different treatment regimens. Here, we 
present a flexible treatment protocol for IV iloprost in 
SSc, based on the patient’s clinical symptoms and treat-
ment tolerance (usually once a month in the day hos-
pital with a break during the warmer summer months, 
provided this is medically possible according to the pa-
tient’s symptoms).

In our centre, the administration of iloprost following 
the described protocol (Figure 1) is effective, well-tol-
erated and safe, as is confirmed by the high long term 
drug persistence. Our data suggest that the IV iloprost 
perfusion rate (and, hence, total dose) can be flexible, 
tailored by the patient’s tolerability.

The data we present shows a very acceptable rate of 
AE, and most of them resolved after dose adjustments. 
With adjusted dosages, all patients but one tolerated 
the iloprost infusions. The most common side effects 
implying dose adjustments were headaches and hypo-
tension. The most severe AE was generalised erythro-
derma, which caused the definitive suspension of the 
treatment. A similar profile of AE was noted in the 
study conducted by Bellando-Randone et al.30.

Previous reports suggested the potential risks of 
ischemic cardiovascular complications (myocardial 
infarction or stroke) with iloprost treatment32. These 
events were more commonly reported in patients with 
higher baseline cardiovascular risk (14%) than in those 
with lower cardiovascular risk (2.4%)32. The myocardi-
al infarction risk has been linked to a “stealing” vascu-
lar event in patients with extensive extramural coronary 
atherosclerosis32, suggesting that iloprost may have an 
inciting role. Therefore, cardiovascular risk should be 

ments or suspension were recorded (18.3% of patients): 
severe headache was reported in 5 patients (45.4%), 
hypotension in 3 patients (27.2%), tachycardia in  
one patient (9.1%), flushing in one patient (9.1%) and 
generalised erythroderma in one patient (9.1%) (Table 
III).

In patients with severe headaches and hypotension, 
the perfusion rate was reduced in the following treat-
ment sessions, and the symptoms resolved. The ilo-
prost infusion was stopped in the patients with tachy-
cardia and flushing events, and the following treatment 
sessions were performed at lower perfusion rates, 
with good tolerance. The patient with the generalised 
erythroderma reaction suspended the perfusion and 
was switched to bosentan.

Long term drug survival
After a mean follow-up time of 6.9 (±) 4.0 years of 
treatment (range 0.06-22), 36 patients (60%) were still 
on active treatment. The overall 5- and 10-year survival 
rates of IV iloprost were 68.2% and 55.6%, respectively 
(Figure 2).

The reasons for treatment discontinuation in the 
remaining 24 patients included clinical improvement 
(n=14), switch to treatment with ambulatory elasto-
meric pump (n=6), death (n=3) or transfer of follow-up 
to another hospital (N=1). The 6 patients who switched 
from IV perfusion to elastomeric pump, did so to allow 
for greater autonomy and to keep their daily activities. 
This resulted in improved direct costs of hospitaliza-
tion, as well as in a reduction of absenteeism. On the 
other hand, 4 patients currently on IV iloprost were 
initially started on ambulatory elastomeric pump, but 
were later switched to IV infusions due to the occur-
rence of phlebitis.

Perfusion

Length:
10h/day

Rate:
0.5-2.0 ng/kg/min

Changes according to
tolerability and
clinical features

Repetition:
monthly

- 1st
administration
can be performed
during 5 days
in severe cases
- Following
administrations:
single-day

Figure 1. Scheme of the iloprost treatment strategy for digital ulcers and Raynaud phenomenon in the context of systemic sclerosis.
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bility profile. In addition, most side effects were man-
aged by adapting the infusion rate. Thus, we provide 
evidence that monthly single iloprost infusions can be 
safely administered and adjusted according to the pa-
tient’s clinical characteristics and drug tolerance. Fur-
ther prospective, larger and multicentric studies, might 
help to support this treatment regimen.
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