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Summary Background Data: High rate of complications has been
reported following revascularization for acute limb ischemia (ALI).
No adjuvant pharmacologic treatment, apart from anticoagulation
and standard perioperative care, has been shown clinically effective.
Objective: Aim of this study was to evaluate the effects of the
prostacyclin analog iloprost as adjuvant to surgery for ALI.
Methods: A total of 300 patients were randomly assigned to receive
perioperative iloprost (intra-arterial, intraoperative bolus of 3000 ng,
plus intravenous infusion of 0.5–2.0 ng/kg/min for 6 hours/day for 4–7
days following surgery), or placebo. The primary endpoint was the
combined incidence of death and amputation at 3-month follow-up.
Secondary endpoints were the incidence of each single major compli-
cation, total event rate, symptomatology, and tolerability.
Results: The combined incidence of death and amputation was
19.9% in the placebo and 14.1% in the iloprost group (relative risk,
1.56; 95% confidence interval, 0.89–2.75, P � 0.12, Cox regression
analysis). A statistically significant lower mortality (4.7%) was
reported in patients receiving iloprost, compared with controls
(10.6%; relative risk, 2.61; 95% confidence interval, 1.07–6.37, P �

0.03). The overall incidence of fatal plus major cardiovascular
events was 33.1% and 22.8% in placebo and iloprost groups,
respectively (relative risk, 1.61; 95% confidence interval, 1.04–2.49,
P � 0.03). No serious adverse reactions occurred after iloprost
administration, nor differences in the incidence of bleeding or
hypotension between treatment groups.
Conclusions: Although at lower levels than previously reported, our
results confirm the severity of ALI. Iloprost as adjuvant to surgery
significantly reduced mortality and overall major event rate. Further
data are needed to support this finding, and to face a still open
medical issue.

(Ann Surg 2006;244: 185–193)

Acute limb ischemia (ALI) is a serious medical emergency
leading to high rate of complications, being not only limb-

but even life-threatening, often despite early successful revascu-
larization.1 Improvements in surgical techniques and periopera-
tive patient care may have reduced the incidence of major
complications in ALI patients over the years, but the results of
trials published recently seem to document a persistent high risk,
with reported 30-day amputation rate of 5% to 12%, mortality
risk at 10% to 38%, combined incidence of amputation and
death of 25% to 37.5%, at 1- to 6-month follow-up.2–7

Concomitant underlying diseases, the metabolic de-
rangement that seems as a result of the acute insult, and a
possible reperfusion injury following revascularization may
account for this severe prognosis.8 Only anticoagulation, fas-
ciotomy (when indicated), and perioperative supportive treat-
ment are established strategies in ALI patients.1,8,9 Possible
benefit from cardiovascular active therapies has recently been
suggested in patients undergoing peripheral revascularization
or noncardiac major surgical intervention.10,11 Moreover,
several categories of compounds, potentially acting on patho-
biological mechanisms of ischemia-reperfusion syndrome,
have been tested in experimental models, but none of them
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has as yet been proven effective in clinical studies in patients
with ALI.12–18

Because of their pharmacologic profile, prostanoids
represent a potentially interesting category as adjuvant treat-
ment of ALI patients.19 Several ischemia-reperfusion studies
described the use of prostaglandins for reduction of postisch-
emic tissue injuries, and even recently both PGE1 and PGI2
appeared as potent inhibitors of reflow-paradox in a preclin-
ical model of reperfusion injury.20

Iloprost is a widely studied synthetic analogue of pros-
tacyclin, with a 10-fold higher half-life than the native com-
pound, and indicated in the treatment of severe chronic limb
ischemia.1,21–23 Results from pilot studies and case reports
also described the positive effects of iloprost in the manage-
ment of acute ischemia secondary to various causes, partic-
ularly after accidental intra-arterial administration of drugs or
toxic agents.24–26 Several preclinical studies have assessed
the effects of iloprost in experimental ischemia-reperfusion
injury and documented the actions of the compound on
different pathophysiologic mechanisms potentially relevant
for damage following ALI.27–32 A diagram indicating where

iloprost can interfere in the mechanisms, leading from isch-
emia and reperfusion, to the development of no-reflow and
reflow-paradox, is reported in Figure 1.33

Some years ago, we performed a placebo-controlled, dou-
ble-blind pilot study in 30 patients with ALI undergoing Fogar-
ty’s thromboembolectomy. Encouraging results were obtained
with the use of intraoperative and postoperative iloprost (lower
incidence of major clinical events, more evident metabolic
improvement by means of transcutaneous tensiometry).34

In this paper, we report the results of ILoprost in Acute
Ischemia of Lower Limbs (ILAILL) study, a larger, multi-
center trial including patients undergoing all types of surgical
revascularization, who received iloprost or placebo adminis-
tration during intervention and therefore for 4 to 7 days, and
were observed for a 3-month postoperative period.

METHODS

Protocol
ILAILL was a multicenter, randomized, placebo-con-

trolled, double-blind study performed between December 2000

FIGURE 1. Pathobiological mechanisms leading from ischemia-reperfusion, to “no-reflow”/“reflow-paradox.” Points where ilo-
prost can act are indicated (from de Donato et al33).
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and December 2003 in 22 Italian departments of vascular sur-
gery (see list in the Appendix), under the endorsement of Italian
Society for Vascular and Endovascular Surgery.

The aim of this study was to evaluate the effects on
clinical outcome of perioperative treatment with iloprost in
patients with acute ischemia of lower limbs undergoing
surgical revascularization. Patients were considered for inclu-
sion if they were at least 18 years of age and presenting acute
rising (�14 days) of the symptomatology suggestive for
acute ischemia of lower limbs (native vessels and/or graft
occlusions), to be treated with surgical revascularization. The
cutoff of 14 days to define acute ischemia was chosen on the
basis of Trans-Atlantic Inter-Society Consensus1 indications
and of what reported by previous studies in this setting.2,3

Patients were excluded if symptomatology persisted for
more than 14 days, and in case of arterial occlusion due to
crushing trauma. Women were not eligible if they were
pregnant or breast-feeding. Other main reasons for exclusion
were: acute myocardial infarction or ictus cerebri within the
last 6 months prior to enrolment; cardiac failure (NYHA class
�I); unstable angina; angina pectoris (Canadian classifica-
tion �II); hyperkinetic ventricular arrhythmias; severe hyper-
tension (sitting systolic blood pressure �180 mm Hg or sitting
diastolic blood pressure �110 mm Hg) or hypotension (systolic
blood pressure �90 mm Hg); hemorrhagic diathesis; concomi-
tant clinical conditions in which iloprost might increase the risk
of bleeding (ie, peptic ulcer in active phase, trauma, cerebral
hemorrhage); thrombocytopenia (�80,000/mm3) or thrombocy-
tosis (�500,000/mm3); severe hepatic failure (cirrhosis); renal
failure requiring dialysis treatment.

Immediately before surgery patients were randomly
assigned (in a ratio of 1:1 in blocks of four, stratified accord-
ing to center) to receive iloprost or placebo.

Iloprost (Endoprost, Italfarmaco S.p.A., Milan, Italy, un-
der license of Schering AG, Berlin, Germany) or placebo were
administered as an intra-arterial bolus of 3000 ng over 1 to 3
minutes immediately after revascularization and in the affected
artery, according to previous clinical experiences.34–36 Starting
from the first day after surgery, a daily 6-hour intravenous
infusion of iloprost (or placebo) at doses recommended for
chronic critical limb ischemia was performed for 4 to 7 days (7
days recommended), depending on the length of hospital stay.
Initial intravenous infusion rate corresponded to 0.5 ng/kg/min
for 30 minutes. At 30-minute intervals, it was possible to in-
crease infusion rate (by 0.5 ng/kg/min) up to 2.0 ng/kg/min, or
to the maximum tolerated dose. This phase of dose adjustment
occurred during the first 3 days after surgery; subsequently, the
individual dose was maintained throughout the remaining treat-
ment period. During infusion of experimental drug, strict mon-
itoring of blood pressure and heart rate was requested.

Doppler examinations were performed before and after
revascularization to assess the early outcome of surgery.
Clinical assessment of patients’ conditions occurred on the
day of revascularization, before and after surgery, and there-
after on the first postoperative day, on the day of end of
experimental treatment, and at 2 scheduled follow-up visits
(at 30 � 3 and 90 � 5 days after surgery, respectively).
During clinical controls, pain (by VAS scale, 0–10), pares-

thesia, motility, pallor, arterial peripheral pulses (by specific
scores), and Ankle Brachial Index (ABI) at the affected limb
were assessed. In details, a 4-point scale was adopted for
paresthesia, indicating sensory loss (1 � none, 2 � minimal
�toes�, 3 � more than toes, associated with rest pain, 4 �
profound, anesthetic), a 4-point scale for pallor (1 � absent,
2 � slight, 3 � moderate, 4 � marked), a 3-point scale for
motility based on muscle weakness (1 � none, 2 � mild-
moderate, 3 � profound, paralysis �rigor�, and a 3-point scale
for peripheral pulses (1 � present, 2 � reduced, 3 � absent).

Routine laboratory tests for safety reasons were per-
formed before surgery, at the end of experimental treatment,
and at the closure of follow-up.

Patients were instructed not to take any additional
medication throughout the study, unless it was first reviewed
by the investigators. The concomitant use of drugs potentially
affecting blood coagulation and pressure was allowed with
caution; in the case of bleeding or hypotension, discontinua-
tion or dose reduction of study drug was required.

The study was conducted according to the ethical prin-
ciples stated in the Declaration of Helsinki and local regula-
tions. The protocol was approved by the Ethic Committee of
each participating center, and written informed consent was
obtained by all patients before randomization.

The primary efficacy outcome of ILAILL was assessed
by the combined incidence of death and amputation, in the 2
treatment groups, during a 3-month follow-up postoperative
period. Secondary efficacy endpoints were the incidence of
each single major clinical event (death, amputation, acute
myocardial infarction, stroke, peripheral embolism, pulmo-
nary embolism, other major cardiovascular events) during the
study, and the total event rate (fatal plus other major events).
Events were considered “major” if they were fatal, or caused
permanent disability, or hospitalization or increased duration
of hospital stay. Evolution of symptomatology and ABI in the
2 groups were also evaluated.

Safety assessments consisted of recording of all the
adverse events observed as well as spontaneously reported by
patients during the trial, of the results of routine laboratory
tests (red blood cell, white blood cell, platelet count, hemo-
globin, tests for renal and liver function, cholesterol and
triglycerides, glycemia, sodium, potassium, prothrombin
time) and of monitoring of blood pressure and heart rate
throughout study drug infusion and immediately after its
interruption.

An independent Safety Committee reviewed all seri-
ous adverse events registered during the study, at 3 steps
(after 50%, 75% of patients completed, and at the end of
the trial).

Statistical Analysis
According to the available data concerning incidence of

death and amputation, to the results of the above-mentioned
pilot study,34 and on the basis of clinical experience of study
Steering Committee, it was calculated that the sample size
required to demonstrate a reduction in composite endpoint
from 35% to 20%, by means of a 2-sided test with an alpha
error of 0.05 and a beta error of 0.2, was 150 patients per
group. Baseline numeric variables were compared between

Annals of Surgery • Volume 244, Number 2, August 2006 Adjuvant Iloprost in Acute Limb Ischemia

© 2006 Lippincott Williams & Wilkins 187



the treatment groups by unpaired t test, categorical variables
were compared by �2 test or Fisher exact test, as appropriate.
The cumulative incidence of the outcomes was compared
between groups by �2 or Fisher exact test. The relative risks
and their 95% confidence intervals (CI) were also calculated.
The incidence of the outcomes was also analyzed by com-
puting Kaplan-Meier event-free curves, and compared be-
tween groups by the log-rank test. Multivariable analysis,
adjusting for potential confounders, was performed using the
Cox proportional hazard regression model. The following
variables were selected for the multivariable analysis, on the
basis of their clinical plausibility and to assess study hypoth-
esis: age (over 70 years vs. under or equal to 70 years);
previous cardiovascular event(s) (acute myocardial ischemia,
ictus cerebri, peripheral revascularization); duration of isch-
emia (lasting over 24 hours vs. less than or equal to 24 hours);
class of ischemia (IIb–III vs. I–IIa); type of surgery (throm-
boembolectomy vs. other modalities); and experimental treat-
ment (placebo vs. iloprost). Proportional hazard assumption
was tested for all the covariates included and no relevant
violations were found. Longitudinal clinical and laboratory
data were analyzed by repeated-measures analysis of vari-

ance. All statistical tests were two-sided and P values below
0.05 were considered as significant. Statistical analyses were
performed by using SAS software (version 8.2, SAS Institute,
Cary, NC), on the basis of the intention-to-treat principle, ie,
the primary analysis included all patients randomized to one
of the 2 treatments regardless of the treatment actually re-
ceived.

RESULTS

Study Populations
Three-hundred patients (151 in the placebo and 149 in

the iloprost group) were enrolled in ILAILL study, received
at least one dose of experimental treatment, and were in-
cluded in the efficacy and safety analyses.

Baseline characteristics were similar between the 2
groups of patients (Table 1). To note, a high proportion of
patients had symptoms lasting for more than 24 hours (53.0%
and 45.2% in the placebo and iloprost group, respectively).
Moreover, on the basis of clinical symptomatology (grade of
sensory loss and muscle weakness) and arterial and venous
Doppler signals, patients were classified at baseline in 4

TABLE 1. Baseline Characteristics of Patients

Characteristic
Placebo

(n � 151)
Iloprost

(n � 149) P*

Age (yr) 73.3 � 12.1 74.3 � 11.1 0.46

Sex (M/F) 94/57 87/62 0.49

Body mass index (M/F) 24.9 � 2.9/25.9 � 4.4 24.6 � 3.1/25.3 � 3.7 0.39/0.20

Current/former smokers (%) 58.3 54.4 0.49

Medical history/concomitant conditions (%)

Ischemic cardiopathy 25.2 24.8 0.95

Cerebrovascular disease 19.2 22.1 0.53

Atrial fibrillation/arrhythmias 52.3 41.6 0.06

Chronic PAD 17.9 15.4 0.57

Previous revascularization lower limb(s) 29.8 32.9 0.56

Amputation 2.6 2.7 0.98

Hypertension 58.9 57.0 0.74

Diabetes 21.8 22.1 0.95

Tumor 13.9 18.1 0.32

Duration of symptoms (%)

0–6 hr 15.4 19.2 0.33

6–24 hr 31.6 35.6 0.49

�24 hr 53.0 45.2 0.30

Clinical category of acute ischemia (%)

Class I 3.7 2.9 0.53

Class IIa 33.8 33.6 0.97

Class IIb 37.5 38.7 0.83

Class III 25.0 24.8 0.95

Type of occlusion (%)

Native vessel 82.8 80.4 0.62

Graft 17.2 19.6 0.62

Type of intervention (%)

Thromboembolectomy 70.9 73.1 0.66

Bypass 20.5 20.0 0.93

Combined 8.6 6.9 0.54

*Comparison between treatment groups (t test or �2 test, as appropriate).
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categories (I, IIa, IIb, III) according to SVS/ISCVS–Trans-
Atlantic Inter-Society Consensus criteria1,37: the majority of
ILAILL patients (62.5% and 63.5% in the placebo and
iloprost group, respectively) were globally classified in the 2
most severe categories (IIb or “immediately threatened,” and
III or “irreversible”).

Heparin (unfractionated or low-molecular weight) was
administered postoperatively in 84.8% of patients receiving
placebo and in 83.2% of those receiving iloprost; treatment
with oral anticoagulants occurred in 28.5% and 31.5% of
patients assigned to placebo or iloprost, respectively. Further-
more, the 2 groups did not differ with regard to the use of
other therapies.

The duration of experimental treatment was similar
between study groups: 81.7% of patients in the placebo group
and 86.3% in the iloprost group received at least 4 intrave-
nous infusions, and the maximum duration of treatment (7
days) was reached by 35.1% and 34.9% of patients assigned
to placebo and iloprost, respectively.

Withdrawal from study before completion of 3-month
follow-up and without occurrence of major clinical events
requiring study discontinuation (see below) occurred in
13.2% of patients in the placebo and 13.4% of patients in the
iloprost group, mainly due to patient noncompliance/patient
lost to follow-up.

Efficacy Outcomes
In Table 2, the incidence of major events in the 2 study

groups is reported. The combined incidence of death �
amputation (primary study endpoint) at the 3-month fol-
low-up was 19.9% in the placebo and 14.1% in iloprost
group. A lower mortality was reported in patients receiving
iloprost: death occurred in 16 (10.6%) and 7 (4.7%) patients
in placebo and iloprost group, respectively. Causes of death
as reported by investigators are listed in Table 3. Amputation
occurred in the same number of cases in placebo and iloprost
patients (14 cases), whereas the overall incidence of fatal
plus other major events (cardiovascular) was 33.1% in

patients treated with placebo and 22.8% in those receiving
iloprost.

Multivariable analysis by means of the Cox propor-
tional hazard regression model were performed for composite
incidence of death � amputation (primary study endpoint),
death alone, and combined event rate (fatal plus major car-
diovascular events). In the case of primary study endpoint,
the hazard ratio between placebo and iloprost treatment was
estimated 1.56 (95% CI, 0.89–2.75, P � 0.12). Age �70
years was significantly related with a higher risk. In this
category of patients the incidence of death � amputation
appeared significantly reduced in those treated with iloprost
in a posthoc analysis (hazard ratio, 1.99; 95% CI, 1.05–3.76,
P � 0.03). A higher risk of death or amputation was reported
in patients with class of ischemia �IIb, while a trend for a
lower risk was documented for patients undergoing throm-
boembolectomy (vs. other surgical procedures), and for those
experiencing a previous cardiovascular event (Table 4).

In the same multivariable analysis model, mortality
appeared to be significantly reduced by the use of iloprost
(hazard ratio, 2.61; 95% CI, 1.07–6.37, P � 0.03) (Table 5).
Death was significantly more frequent in elderly patients
(more than 70 years old), and a trend for fatal outcome was
reported for patients with class of ischemia equal or higher
than IIb. Similar to the combined endpoint, patients with

TABLE 2. Occurrence of Major Clinical Events in the 2
Study Groups

Event
Placebo

(n � 151)
Iloprost

(n � 149) P*

Death � amputation primary (endpoint) 30 (19.9) 21 (14.1) 0.18

Death 16 (10.6) 7 (4.7) 0.05

Amputation 14 (9.3) 14 (9.4) 0.97

Other major events 20 13 0.21

Additional revascularization 9 (6.0) 7 (4.7) 0.62

Recurrent acute ischemia 4 (2.6) 2 (1.3) 0.41

Acute myocardial infarction 2 (1.3) 1 (0.7) 0.57

Cardiac failure 2 (1.3) 0 0.16

Arrhythmia 2 (1.3) 1 (0.7) 0.57

Stroke 0 2 (1.3) 0.15

Pulmonary embolism 1 0 (0.7) 0.32

Death � other major events (total) 50 (33.1) 34 (22.8) 0.04

Values are no. (%) of cases.
*Comparison between treatment groups (�2 test).

TABLE 3. Causes of Death

Placebo
(n � 16)

Iloprost
(n � 7)

Acute myocardial infarction 2 —

Cardiac arrest 2 2

Cardiac failure 2 2

Ventricular arrhythmia 1 —

Stroke 2 1

Peripheral thrombosis 2 —

Multiple embolism — 1

DIC 1 —

Acute renal failure 1 —

Pneumonia 1 —

Bleeding 2 —

Tumor — 1

Values are no. of cases.

TABLE 4. Multivariable Cox Regression Model Analysis for
the Primary Study Endpoint (Combined Incidence of Death
and Amputation)

Variable Effect HR 95% CI P

Treatment Placebo vs. Iloprost 1.56 0.89–2.75 0.12

Age �70 vs. �70 yr 2.54 1.25–5.17 0.01

Previous CV event Yes vs. no 0.62 0.35–1.08 0.09

Duration of ischemia �24 vs. �24 hr 1.36 0.73–2.52 0.33

Class of ischemia �IIb vs. �IIb 3.34 1.66–6.72 �0.001

Type of surgery TE vs. other 0.54 0.28–1.04 0.07

HR indicates hazard ratio; CV, cardiovascular; TE, thromboembolectomy.
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previous cardiovascular events showed a trend for lower risk
of death.

By means of multivariable Cox regression analysis, in the
case of the combined incidence of fatal plus major cardiovas-
cular events, a statistically significant lower rate occurred in the
group of patients treated with iloprost compared with control
(hazard ratio, 1.61; 95% CI, 1.04–2.49, P � 0.03).

In Figure 2, the Kaplan-Meier curve for survival is
shown; it can be noted how the difference between the placebo
and iloprost groups is evident mainly starting from 3 to 4
weeks after surgery.

In 5 patients of the placebo group and in 2 patients
treated with iloprost, study was interrupted following the
investigator’s decision due to “lack of effect” and patients
assigned to open treatments not allowed by study design.

Symptoms and signs of ALI (pain, motility, pallor,
paresthesia), peripheral pulses and ABI were significantly
improved immediately following surgical revascularization,
with no difference between study groups. Moreover, not
significant further improvements occurred over the time for
patients completing the 3-month follow-up period, at similar
extent for both patients receiving placebo and iloprost.

Safety Outcomes
Adverse events were reported in 76 patients (50.3%) in

the placebo and in 78 (52.3%) patients in the iloprost group
(not significant). Study interruption due to adverse events

occurred in 2 patients treated with placebo (1.3%) and in 3
(2.0%) of those receiving iloprost. Figure 3 shows the inci-
dence of the more frequent types of event. Headache and
flushing were reported in more patients treated with iloprost
than in the control group (P � 0.001 and P � 0.04, respec-
tively). No different effects on blood pressure (neither hypo-
tension nor hypertension) were associated to the use of
iloprost, if compared with placebo. Bleeding has been re-
ported in 6 patients of iloprost group, and in 5 patients
receiving placebo. All the cases in iloprost group (2 intraop-
erative, 1 case each of wound bleeding, inguinal hematoma,
urinary bleeding, epistaxis) were considered as minor epi-
sodes, while 2 cases in the placebo group were fatal (Table 3)
and occurred in patients receiving oral anticoagulants. No
clinically relevant changes in routine laboratory tests consid-
ered to be related to study treatment were detected.

DISCUSSION
A high level of major complications following surgery

for acute limb ischemia has been shown in many papers in the
past few years, and even recently ALI was reported to be
affected by a worst outcome (higher incidence of above-knee
amputation, trend toward higher mortality following surgery)
than chronic limb ischemia, a condition with a well-known
severe prognosis38.

In this paper, we describe the results of a 3-month
follow-up in a population of 300 patients with ALI undergo-
ing surgical revascularization and randomly assigned to peri-
operative adjuvant treatment with iloprost or placebo.

As a first evidence, in our study overall amputation
free-survival was higher than expected on the basis of avail-
able data. Possible explanations for this fact are the develop-
ment of further recent improvements in surgical techniques
and patient care and the setting of centers participating to this
study, made of a restricted number of highly specialized
vascular surgery units. This fact may have affected statistical
power as for primary endpoint: in the iloprost group a lower
combined incidence of death and amputation was reported
(relative risk reduction, 35.9%; 95% CI, 12.7%–63.6%), but

FIGURE 2. Kaplan-Meier estimate for
survival in the 2 treatment groups.

TABLE 5. Multivariable Cox Regression Model Analysis
for Death

Variable Effect HR 95% CI P

Treatment Placebo vs. Iloprost 2.61 1.07–6.37 0.03

Age �70 vs. �70 yr 4.30 1.24–14.93 0.02

Previous CV event Yes vs. no 0.48 0.21–1.11 0.08

Duration of ischemia �24 vs. �24 hr 1.03 0.42–2.57 0.94

Class of ischemia �IIb vs. �IIb 2.26 0.87–5.84 0.09

Type of surgery TE vs. other 0.48 0.18–1.29 0.15

HR indicates hazard ratio; CV, cardiovascular; TE, thromboembolectomy.
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this difference did not reach statistical significance. The
reduction of death and amputation incidence in patients
treated with iloprost was however statistically significant in
higher risk, elderly patients.

No difference between iloprost and placebo group oc-
curred in the incidence of amputation, while a small trend in
favor of patients receiving iloprost was documented as for
other peripheral complications (additional revascularization,
recurrence of acute ischemia). This result may conflict with
study rationale, and the hypothesis that iloprost could reduce
peripheral major complications by improving microcircula-
tion. The timing of occurrence of amputations, quite early after
revascularization (median, 8.5 and 13.5 days after placebo and
iloprost, respectively), seems to suggest a fundamental role for
surgery (and grade of ischemia) in determining possible limb
salvage, and a need for more aggressive and optimized pharma-
cologic support to improve peripheral outcome.

On the other side, the major result of our study is a
significant reduction of 3-month mortality in patients treated
with iloprost, in comparison to control group (relative risk
reduction, 61.7%; 95% CI, 6.5%–84.3%). Such an indication,
waiting for further data on this topic, seems to us of particular
interest and deserves possible explanations. It is well known
how there are 2 components to the reperfusion syndrome, a
local one that can result in increasing the regional damage
from ischemia and a systemic component potentially leading
to secondary failure of organs remote from ischemic tissues.
Breakdown products of dead and dying cells, oxygen-free
radical production, hypercoagulability, release of cytokines,
activation of neutrophils, and endothelial cell dysfunction are
mechanisms following ischemia and reperfusion that contrib-
ute to the development of an inflammatory response and set
up a vicious cycle that may remain primarily local or be
active both at regional and systemic level.8 In our study,
causes of death are related, in high proportion, to failure of
organs (heart, kidney, lung) known as typical target of reper-
fusion syndrome. Similar to what has been reported for
myocardial ischemia,39 it can be speculated that mortality
following skeletal muscle damage could be related to a

significant increase of inflammatory markers primarily pro-
duced at the level of ischemic site.

Iloprost is known to modulate many of the mechanisms
involved in inflammatory response and systemic damage
following ischemia and reperfusion (Fig. 1). The effects on
platelet activation and blood clotting, the reduction of free
radicals and cytokines production, and lower expression of
intercellular adhesion molecules have been described in dif-
ferent patient populations.21,30,32,40 A cytoprotective effect of
iloprost toward peripheral ischemic damage has been previ-
ously described,41 and interesting data on this topic were
obtained in a pilot study we performed some years ago in
patients undergoing surgical reperfusion for ALI.34 In that
experience, a statistically significant more evident reduction
of transcutaneous pCO2 (an index of tissue resistance to
ischemia42) was documented in patients treated with iloprost
in comparison to controls. Moreover, of particular potential
interest is the neutrophil-target activity of iloprost, since these
cells have been recently claimed to be specifically involved in
the mediation of remote organ injury following ischemia and
reperfusion.16,43,44

A further interesting point is that reduction of mortality in
the iloprost group versus control patients becomes evident start-
ing from 3 to 4 weeks after revascularization. This finding may
result hard to explain for a treatment limited to 4 to 7 days after
surgery, but long-lasting effects of iloprost have been reported
both on pharmacologic and clinical side,22,45 and early modula-
tion of inflammatory self-perpetuating response may produce
later benefit in patients’ outcome.

In our study, the use of iloprost was associated to a
quite good tolerability. No serious adverse events were
judged to be related to study treatment, by an independent
Safety Committee. This appears to us of relevance, since in
our study iloprost was used in emergency conditions, and not
in patients with chronic diseases, or as adjuvant to elective
surgery, as previously reported.39 Moreover, in a large propor-
tion of our patients, iloprost was administered in combination
with anticoagulant treatments (heparin, oral anticoagulants). Ad-
verse events like headache, flushing, and nausea-emesis are well
known in the pharmacologic profile of iloprost, and not surpris-
ingly, they occurred more frequently in patients receiving the
prostacyclin analog. Of interest, no difference in comparison to
placebo was reported in patients receiving iloprost, neither for
the occurrence of alterations in blood pressure (hypotension,
hypertension) nor for bleeding events.

From a general point of view, a finding of potential
clinical interest is the absence of a relationship between
duration of ischemia and patients’ outcome. To assess this
variable, we tested a cutoff of 24 hours, but even a more rigid
one (6 hours, by means of a Cox regression hazard model),
and we obtained the same qualitative result. Duration of
ischemia has been reported as a predictor of the occurrence of
major complications in patients with ALI,1 and data from our
study, since it was not powered to address this point, can not
hardly conflict with this indication. However, this finding,
together with the evidence that in our study amputation-free
survival of patients classified as class III (“irreversible”) was
70.3% (and 59.6% of class III patients were free of serious

FIGURE 3. Incidence of the more frequent adverse events in
the placebo and iloprost groups. *P � 0.001. �P � 0.04,
between treatments.
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events during the observation period), suggests the opportu-
nity of considering a more aggressive treatment strategy even
in patients with severe conditions or late presentation, partic-
ularly if they are admitted to specialized care units.

Another finding of interest, and apparently surprising,
is a trend for a minor occurrence of complications in patients
experiencing a previous major cardiovascular event (acute
myocardial infarction, ictus cerebri, peripheral revasculariza-
tion). We can’t give precise indications on this topic because
of the different objectives of the study, but some speculations
can be made to interpret these data, suggesting the hypothesis
of a minor intense inflammatory response to acute ischemic
insult in atherosclerotic “stabilized” patients,46,47 and the
value of a more frequent use of concomitant therapies active
at cardiovascular and metabolic level. Furthermore, a specula-
tive supportive interpretation to this finding may derive from the
evidence of protective effects from ischemia-reperfusion dam-
age by ischemic preconditioning,48 although short-lasting. Inter-
esting clinical data reported more favorable neurologic recovery
and the development of smaller-volume cerebral infarcts in
patients who experienced transient ischemic attacks prior to
sustaining stroke.49,50

CONCLUSION
Our study confirms that, although at levels lower than

previously reported, and even when treated in specialized
vascular surgery departments, acute limb ischemia is still a
medical emergency with high rate of complications. The use
of iloprost as adjuvant to surgical revascularization did not
affect amputation rate at a 3-month follow-up, but it signif-
icantly reduced all-cause mortality, and the overall incidence
of death and other major events. This finding needs further
evidence, but it seems encouraging to increase the efforts of
basic researchers and clinicians to improve the present severe
prognosis of patients with acute limb ischemia.
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