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Abstract
Aims: To assess efficacy and safety of oral treatment with prednisone at immunosuppressive dose after 

percutaneous coronary interventions (PCI) in patients with multi-vessel coronary artery disease (CAD).

Methods and results: Eighty-six consecutive patients with multi-vessel CAD were successfully treated with

multiple PCI. Forty-three patients (115 coronary stenoses), with C-reactive protein >3mg/L 48 hours after

PCI and in absence of contra-indications received 45-day high-dose oral prednisone treatment (study-

group). Forty-three patients (106 coronary stenoses), did not receive prednisone (control-group). The pri-

mary clinical endpoint was 12-month event-free survival rate (defined as freedom from death, myocardial

infarction, and the need for target vessel revascularisation). Angiographic restenosis at 8 months was

assessed in the study group only. Event-free survival rates were 93 and 69.8% in the study and the con-

trol group, respectively (relative risk 0.34, 95%CI: 0.12 to 0.96, p=0.006). Target vessel revascularisation

rate in the study group was 7% compared to 27.9% in the control group (p=0.01). Quantitative coronary

angiography performed on 104 lesions of 39 prednisone-treated patients (91%) showed 4 restenotic

lesions (3.8%). The mean late lumen loss was 0.61±0.35mm and loss index 31.3±21.6%.

Conclusion: Oral immunosuppression with prednisone effectively reduces clinical restenosis in patients

undergoing complex, multi-vessel PCI.
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Introduction
The sustained evolution of percutaneous techniques has further

enlarged indications of non-surgical myocardial revascularisation

means to a wider spectrum of patients with coronary artery disease

(CAD). Specifically, the advent of drug eluting stents (DES) has

reduced restenosis rates and consequently has fostered the enthu-

siasm for extending the indications of percutaneous coronary inter-

vention (PCI) to more complex patients1-5. The use of DES however

is burdened by the high economic cost (in particular if several units

are required as in patients with multi-vessel CAD), and this limits its

applicability in most medical care services world-wide and in partic-

ular in countries with limited resources. Furthermore, the safety and

long-term efficacy of either Sirolimus or Paclitaxel DES implantation

in patients with multi-vessel CAD remains to be determined.

Nevertheless, observations derived from a non-randomised com-

parison of patients treated with multiple Sirolimus-DES implantation

with the surgical arm of the ARTS I study6 suggest that, at the short-

term, multiple DES implantation in patients with multi-vessel CAD

may be equivalent to coronary artery bypass graft (CABG)7.

Although this comparison needs confirmation from randomised

studies, it appears to be a possible alternative to CABG.

The importance of inflammation in the mechanisms of restenosis is

well known8-9. Accordingly, sustained immunosuppressive doses of

oral prednisone in patients with single vessel stent implantation

proved the efficacy of steroids to prevent restenosis in the ran-

domised IMPRESS study10. Further evidence in support of a sys-

temic pharmaceutical approach to reduce restenosis has been

recently provided by the ORBIT11 and the OSIRIS12 investigators.

Both studies have demonstrated the anti-restenotic capabilities of

rapamycin given orally in patients with “de novo” lesions and with

in-stent restenosis respectively.

Following the encouraging results previously obtained by our groups

in IMPRESS 1, this trial aimed to test the safety and the efficacy of

the simple and inexpensive corticosteroid treatment to prevent

restenosis after PCI in the challenging clinical and angiographic set-

ting of patients with diffuse and multi-vessel CAD and elevated C-

reactive protein (CRP) levels. Conventional PCI techniques were

therefore used instead of DES as an alternative, in many cases, to

conventional CABG.

Methods
Between March 2002 and May 2003, 117 consecutive patients with

multi-vessel CAD were treated with multiple PCI in the two academic

institutions participating in the study. Patients entering this prospec-

tive registry were informed of the experimental nature of the medical

treatment and of the alternative of a surgical revascularisation in some

cases. All patients who enrolled gave their informed consent accord-

ing to the ethical regulations of the relevant institutions.

Study design
All patients were pre-treated with aspirin and a thienopiridine, either

ticlopidine (250mg bid for 72 hours) or clopidogrel (300mg loading

at least 6 hours before PCI); the thienopiridine was continued for

one month and aspirin indefinitely. Statins were recommended in all

patients. Following PCI, total creatine kinase and its MB isoform,

were measured at 6, 12 and 24 hours. Elevation of creatin kinase

MB >3 times the upper normal limit during the follow-up period was

registered as a myocardial infarction.

CRP levels were measured before and 48 hours after PCI using a

high-sensitivity method. Patients with high CRP levels (>3mg/L)13

and in absence of contra-indications were prescribed high-dose

oral prednisone at hospital discharge. The study exclusion criteria

were as follows: DES implantation, life expectancy <24 months, the

occurrence of any in-hospital complication related to the PCI proce-

dure, contra-indication to the use of aspirin or thienopiridines, and

contra-indications to high-dose steroid use including: diabetes,

recent myocardial infarction (<3 weeks), active peptic ulcer, active

infectious disease, and uncontrolled severe hypertension. The

potential undesirable metabolic effects that high dose steroids could

induce in diabetic subjects withheld the investigators from treating

such patients. No restriction was utilised for the clinical presenta-

tion of angina, the angiographic characteristics of the coronary

lesions and the PCI strategy, except the employment of DES.

The scheme of the steroid treatment was the same as that used in

the IMPRESS randomised trial10; briefly, prednisone was given oral-

ly at a dose of 1mg/kg for 10 days, 0.5mg/Kg for 20 days and

0.25mg/kg for 15 days. This dosage was chosen from the

immunossupressive protocol utilised for heart transplantation.

All patients were controlled clinically 45 days after the procedure.

The outcome was analysed per protocol. Those treated with steroids

were screened for the correct and complete assumption of the

steroid therapy and the eventual occurrence of side-effects. All

patients underwent a provocative stress test within 6 months of the

PCI and a subsequent out-patient clinic control. Angiographic follow

up was scheduled for the steroid-treated patients only, 8 months

after PCI, to assess the occurrence of angiographic restenosis. At

twelve months after the index procedure, and twice a year there-

after, all patients were controlled in the out-patient clinics by

assigned independent clinicians to verify the incidence of any major

adverse cardiac event (MACE) comprised in the primary endpoint:

one-year incidence of death (from any cause), myocardial infarction

after discharge (defined as the rise and fall of creatin kinase-MB

and ischemic electrocardiographic changes suggestive of acute

myocardial ischemia), and recurrence of symptoms or ischemia

requiring revascularisation. Target lesion revascularisation (TLR)

and target vessel revascularisation (TVR) were also assessed.

Pecutaneous coronary intervention 
and quantitative coronary analysis (QCA)
Interventions were performed employing either the femoral or the

radial approach. All patients had multi-vessel interventions.

Unfractioned heparin was always used intravenously to maintain an

activated clotting time >250 seconds during the procedure.

Whenever possible, the “spot stenting” technique was preferred to

the full coverage with stents in cases of diffuse coronary disease.

PCI were considered successful when a % diameter stenosis (%DS)

≤30% and a TIMI flow ≥2 was obtained in each lesion treated.

Angiographic recordings for QCA were obtained in at least two

orthogonal views of each of the coronary segments treated, after the

administration of intracoronary nitroglycerin. At follow-up angiogra-
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phy the same orthogonal views were obtained. The compact discs

containing the angiographic images were sent to an independent

core laboratory (European Imaging Laboratory, Rome, Italy) for cen-

tralised QCA using the automated edge-detection system CMS

(Medis Medical Imaging Systems), as described elsewhere10. All the

lesions recorded at baseline, after PCI and at follow-up were of ade-

quate quality for QCA; and the value of all lesions were used for sta-

tistical calculations.

Statistical analysis

Continuous data are expressed as means and standard deviations;

discrete variables are given as absolute values and percentages.

Appropriateness of the sample size was estimated considering the

findings obtained in the previous IMPRESS study that used the

same endpoint and steroid therapeutic scheme. Clinical events at

12 month were reduced from 35% in the control group to 7% with

prednisone10. The sample size of IMPRESS 2 MVD was therefore

calculated expecting a similar 70% difference between two groups

(expected occurrence of clinical events 30% in controls and <10%

in prednisone-treated patients). To test this hypothesis, 40 patients

per arm were calculated to offer a 90% beta power at a two-sided

significance level of 0.05. The study included 86 patients to

account for possible drops-out at follow-up. The Student's t-test was

used to compare differences between continuous variables. The

chi-square statistic with Yates' correction, or Fisher's exact test

when appropriate, were used to test associations of categorical

data. A logistic multivariate model was tested to assess the predic-

tive value of factors related to the occurrence of clinical events. The

parameters of the model included: treatment with prednisone, left

ventricle ejection fraction, angiographic lesion type, length of the

stented lesion, and vessel diameters calculated on-line by QCA

before and after PCI. The event-free survival curves were obtained

by Kaplan-Meier method and compared by log-rank test (Figure 1).

The distribution of late loss and the %DS of the treated lesions at

follow-up were analysed by a frequency distribution curve

(Figure 2). Calculations and graphs were made using the SPSS soft-

ware (9.0 release for Windows). A probability value of less than or

equal to 5% was considered significant.

Results

Patients
Of the 117 consecutive patients treated with multi-vessel PCI dur-

ing the study period, 21 (18%) were diabetics, 6 had been admit-

ted for acute myocardial infarction, and 4 had in-hospital complica-

tions after PCI (3 revealed creatin kinase MB release as defined for

non-Q wave myocardial infarction and 1 needed blood transfusion

and vascular surgical repair at the puncture site). These patients

were not considered for inclusion in the study. Therefore,

86 patients were registered. Forty-three patients showed persistent-

ly high CRP levels 48 hours after PCI, had no contra-indications to

steroids, and subsequently completed the 45-day oral treatment

with cortisone; these patients represent the study group. Of the

remaining 43 patients (control group), 12 (13.9%) reported a histo-

ry of significant gastric-duodenal disease, 9 (9.3%) received at least

Figure 1. Event-free survival curves (death, non-fatal myocardial
infarction and repeat revascularisation due to recurrence of ischemia)
in the two study groups at 12 months follow-up. Log-rank= 8.14,
p=0.004. 

2a

2b

Figure 2. Frequency distribution curves of the %DS (a) and the late
loss (b) at follow-up of the cortisone-treated lesions. Both indexes are
non-normally distributed and skewed towards the lowest values
(median %DS= 20%, and late loss= 0.45mm).
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one DES, 10 (11.6%) had evidence of normal CRP values before

hospital discharge, 3 patients refused an elective angiographic fol-

low-up and 4 patients initially screened for the drug therapy did not

start the cortisone treatment. Other 6 patients, without exclusion cri-

teria, were included in this group to match an identical number of

prednisone cases.

The 43 patients of the study group started the steroid treatment

3.5±0.5 days after PCI. Of these, 25% had elevated CRP levels

before the PCI and 75% showed CRP elevation only after PCI.

Patients were treated on 115 coronary lesions (2.7 per patient);

13 lesions (11.3%) were treated with balloon angioplasty only while

119 stents were placed on the remaining 102 lesions. Rotational

atherectomy was needed in one case of very calcified and diffuse

left anterior descending CAD; directional atherectomy was used in

a left anterior descending lesion before stenting. Eleven lesions

(9.6%) were chronic total occlusions. Thirty-two percent of stents

were deployed without lesion predilation (direct stenting).

In the 43 patients of the control group, 106 lesions were treated (2.5

per patient); 16 lesions (15.1%) were treated with only balloon

angioplasty and 90 with 96 stents. Rotational atherectomy was

needed in 2 cases of very calcified and diffuse lesions. Seven

lesions (6.6%) were chronic total occlusions. Direct stenting was

performed in 29.2% of lesions.

Baseline clinical, angiographic and procedural details of all patients

are presented in tables 1 and 2.

Clinical primary endpoint
Clinical follow-up was obtained in all patients at 12 months. In the

study group 6 patients (14%) reported side effects to prednisone

therapy. Three complained of gastric pain, 2 had an increase in

blood pressure and 1 had fluid retention. Side-effects did not

require treatment suspension and were always controlled medical-

ly. During follow-up, no patient died or suffered myocardial infarc-

tion; recurrence of stable angina occurred in 2 patients (4.7%); one

underwent TLR (on 1 out of 5 lesions previously treated), and one

could not repeat coronary angiography for geographical reasons

(his symptoms were controlled with the upgrading of medical treat-

ment). Repeated TLR was performed in 2 additional patients with-

out signs or symptoms of ischemia showing moderate angiograph-

ic restenosis (DS%>50<60). Total TLR rate per patient was there-

fore 7% (3/43) and it was identical to the TVR rate.

In the control group 2 patients complained of gastric pain after dis-

charge and were managed with anti-acids. Two patients (4.7%)

died, both after reinfarction within the first month after PCI;

2 patients had a non-fatal non-Q wave myocardial infarction due to

sub-occlusive restenosis manifesting 4 months after discharge, one

received a new PCI and one was treated medically; 10 patients

(23.3%) underwent TLR, in 9 cases because of symptoms recur-

rence (PCI in 7 patients and CABG in 3). In two patients needing

TLR due to restenosis, a progression of disease was also observed

in other coronary segments. Total TLR rate per patient was 23.3%

while the TVR was 27.9% (Table 3).

The occurrence of MACE was reduced therefore from 30.2% in the

control group to 7% with prednisone (relative risk 0.34, 95%CI:

0.12 to 0.96, p=0.006) and the event-free survival at 12 months

was 93% in the study group and 69.8% in controls; log-rank= 8.14

p=0.004 (Figure 1). From multivariate regression analysis, treat-

ment with prednisone was the only independent variable that corre-

Table 1. Baseline clinical data.

Baseline patient data All patients (86) Study patients (43) Control patients (43) P

Age (years) 62±11 (36-83) 61±10 62±11 0.3

Females 15 (17.4%) 7 (16.3%) 8 (18.6%) 0.8

Systemic hypertension 62 (71.1%) 36 (83.7%) 31 (72.1%) 0.2

Smoking habits 31 (36%) 13 (30.2%) 18 (41.9%) 0.3

Dyslipidemia 61 (70.9%) 30 (69.8%) 31 (72.1%) 0.8

Family history of CAD 39 (45.3%) 24 (55.8%) 19 (44.2%) 0.3

Previous myocardial infarction 42 (48.8%) 23 (53.5%) 19 (44.2%) 0.4

Peripheral artery disease 16 (18.6%) 8 (18.6%) 8 (18.6%) 0.9

Previous CABG 4 (4.7%) 2 (4.7%) 2 (4.7%) 0.9

Acute coronary syndromes 23 (26.7%) 12 (27.9%) 11 (25.6%) 0.8

CRP before PCI (mg/L) 5.3±9.7 4.4±7.4 6.4±11.6 0.3

CRP after PCI (mg/L) 17.1±25.2 15.5±18.6 19.6±32.6 0.5

Left ventricle ejection fraction (%) 53.5±7.6 54.3±7.3 52.7±7.4 0.4

Lesions treated per patient 221 (2.6) 115 (2.7) 106 (2.5) 0.4

IIb/IIIa inhibitors 17 (19.8%) 8 (18.6%) 9 (20.9%) 0.8

Statins 74 (86%) 39 (90.7%) 35 (81.4%) 0.2

Beta blockers 39 (45.3%) 18 (41.9%) 21 (48.8%) 0.5

Calcium channel blockers 47 (54.7%) 26 (60.5%) 21 (48.8%) 0.3

ACE-inhibitors 57 (66.3%) 29 (67.4%) 28 (65.1%) 0.8

Abbreviations: ACE: angiotensin-converting enzyme, CABG: coronary artery by-pass graft, CAD: coronary artery disease, CRP: C-reactive protein, 
PCI: percutaneous coronary intervention.
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lated with the occurrence of MACE: relative risk 0.39, 95%CI: 0.17

to 0.62, p=0.001.

Angiographic results

Thirty-nine of the 43 prednisone-treated patients underwent proto-

col angiographic follow-up (91%) at a mean time of 280±126 days.

QCA was performed on 104 of the 115 treated segments. Three

patients refused to repeat angiography because they were totally

asymptomatic and had a negative stress test. One patient with

recurrence of angina could not repeat angiography as mentioned

before for geographic reasons. The angiographic endpoint of bina-

ry restenosis rate (DS%≥50) inside the stent, within 5mm of the

stent edges or in the segments treated with balloon angioplasty was

3.8% (4 out of 104 lesions); no sub-acute occlusion occurred, no

vessel was totally occluded, there was no image of edge effect, and

only one of the 4 restenotic lesions had a %DS >60%. The mean

late lumen loss per patient was 0.61±0.35mm and loss index

31.3±21.6%. Late lumen loss in patients with high CRP levels

before PCI was 0.76±0.46 mm, compared to 0.55±0.31 mm in

patients with normal CRP before PCI (p=0.2). 

Restenosis occurred in 2 cases within short stents (13 mm each),

and in 2 cases in the gap left between 2 adjacent stents. Details of

the QCA provided by the core laboratory are reported in table 4. Of

note, 38.3% of treated vessels were smaller than 2.75 mm before

PCI. Late loss >1 mm was observed in 26 lesions, always treated

with stents. Figure 2 shows the frequency distribution of the %DS

and late lumen loss of the treated lesions at the QCA follow-up. In

both graphics measurements are clearly skewed toward lower levels.

Discussion
The results of this prospective, non-randomised, observational

assessment of the clinical and angiographic outcome of patients

undergoing multi-vessel PCI show that 45-day oral therapy with

prednisone is efficacious in reducing the occurrence of clinical

Table 2. Baseline angiographic and procedural data.

Baseline lesions data All lesions (221) Study lesions (115) Control lesions (106) P

Complex lesions (B2+C) 121 (54.8%) 65 (56.5%) 64 (52%) 0.5

Thrombotic lesions 24 (10.9%) 16 (13.9%) 10 (8.1%) 0.2

CTO before PCI 18 (8.1%) 11 (9.6%) 7 (6.6%) 0.4

Only balloon PCI 29 (13.1%) 13 (11.3%) 16 (15.1%) 0.4

Direct stenting 68 (30.8%) 37 (32%) 31 (29.2%) 0.5

TIMI 3 grade flow before PCI 176 (79.6%) 87 (75.7%) 89 (84%) 0.1

TIMI 3 grade flow after PCI 219 (99.1%) 115 (100%) 104 (98.1%) 0.2

Vein graft 4 (1.6%) 1 (0.9%) 3 (2.8%)

Left main 3 (1.2%) 2 (1.7%) 1 (0.8%)

Left anterior descending 84 (35.5%) 38 (33.1%) 36 (34%) 0.5

Right coronary artery 90 (37.8%) 51 (44.3%) 33 (31.2%)

Left circumflex 57 (23.9%) 23 (20%) 33 (31.2%)

Length of stented segments 16.8±6.7 (8-50) 17.0±7.1 16.6±6.2 0.7

Diameter of largest in-stent balloon 3.2±0.5 (2.5-5.0) 3.2±0.5 3.2±0.5 0.7

Length of balloon PCI segments 20.3±7.8 (10-50) 23.5±8.2 17.7±5.3 0.04

Diameter of balloon PCI segments 2.9±0.5 (2.0-5.0) 2.81±0.4 2.9±0.6 0.4

Abbreviations: CTO: chronic total occlusion, PCI: percutaneous coronary intervention, TIMI: thrombolysis in myocardial infarction. 
(Lengths and diameters are expressed in mm).

Table 3. Clinical outcome at follow-up.

Clinical Events at 12 months Study patients (43) Control patients (43) P

Event-free survival 93% 69.8% 0.006

Death – 2 (4.7%) 0.2

Nonfatal infarction – 2 (4.7%) 0.2

Additional revascularisation (TLR) 3 (7%) 10 (23.3%) 0.03

Recurrence of angina 2 (4.7%) 9 (20.9%) 0.02

Any event 3 (7%) 13 (30.2%) 0.006

TVR 3 (7%) 12 (27.9%) 0.01

PCI 3 (7%) 7 (16.3%) 0.2

CABG – 3 (7%) 0.08

Abbreviations: CABG: coronary artery bypass graft, PCI: percutaneous coronary intervention, TLR: target lesion revascularisation, TVR: target vessel
revascularisation. Analysis of all events is hierarchical (only the worst is counted in patients with several events).
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events in patients with complex coronary lesions and high post-PCI

CRP levels.

On the one hand, elevated serum CRP level has been proposed as

a possible marker of augmented risk for clinical events in subjects

with CAD14-15 and for restenosis after PCI16; on the other hand, the

multi-vessel extension of the CAD is itself a strong predictor of

events after conventional PCI. Despite the high-risk profile of our

patients, oral immunosuppression with prednisone was associated

with a remarkable low-rate of clinical events at follow-up and of

angiographic restenosis as shown by QCA data. The advantage of

systemic treatment in a MVD population is also supported by the

notion of an inter-lesion dependence of the risk of restenosis in

patients treated with multi-vessel stenting, suggesting a patient and

not only a lesion-derived propensity to restenosis in patients with

multiple lesions17.

Because of the importance of inflammation in the mechanisms of

restenosis, anti-inflammatory therapy with steroids after PCI has

been experimented previously18-20. In particular, the randomised,

placebo controlled M-Heart study18 and a randomised study by CW

Lee et al.19 showed that neither a single i.v. bolus administration of

methylprednisolone given before PCI nor an i.v. bolus followed by

1 week oral administration of prednisone20 reduce restenosis.

Several possible reasons can explain the apparently conflicting

results between our study and these previous trials. The most obvi-

ous is the different dosage and length of the steroid treatment.

Indeed, a single low-dose approach or a short one-week drug

scheme are unlike to achieve immunosuppressive effects and to

arrest the tissue growth that ensues the vessel wall injury caused by

PCI8-9. Steroids exert beneficial effects on platelet function, on

smooth muscle cells proliferation and on collagen synthesis as well

as inflammatory cells migration and activation, thus interfering with

several steps of the cascade leading to neo-intima formation and

subsequent lumen loss21-22. However, systemic immunosuppres-

sive effects as those obtained in our studies are dose-dependent

and require weeks of treatment to be achieved23. Finally, the 

steroid treatment in our experience has been focused on subjects

with elevated CRP levels after PCI. In this setting, anti-inflammatory

drugs may be more efficacious than in non selected patients.

The findings reported in our work confirm and expand the results

observed previously by our groups in the IMPRESS randomised

study10. IMPRESS was performed on a highly selected population

treated with single stent implantation on the culprit lesion and with

evidence of normal CRP level at baseline and sustained elevation

72 hours after PCI. The findings of this study were of limited clini-

cal applicability but served as a proof of concept for the rationale of

targeting inflammation systemically with oral steroids to prevent

restenosis. The present registry included some patients with com-

plex coronary anatomy such as chronic total occlusions, diffuse

and/or calcified lesions, thrombotic and bifurcation lesions and

small vessels, representative of a difficult “real world” population.

Multiple PCI were performed using different techniques, with infre-

quent use of IIb/IIIa glycoprotein inhibitors (19%) and intravascular

ultrasound guidance (12%), disregarding the value of basal CRP

and with a large use of statins. Although sub-analysis of the differ-

ent lesion types and PCI strategies would not have been statistical-

ly meaningful, the angiographic results at follow-up were consistent-

ly good in all cases that frequently included challenging anatomies,

as the one depicted in Figure 3.

The late lumen loss observed in this study (0.61±0.35mm) is larg-

er than the late loss of the previous IMPRESS (0.39±0.6mm)

despite the identical drug scheme, a difference that may reflect a

more severe form of atherosclerotic disease in patients with diffuse

and multi-vessel CAD and worse co-morbidity, as suggested by the

smaller vessel diameters in the registry. Another hypothesis is the

possible detrimental effect of a more prolonged and sustained

action of high CRP levels before steroid treatment in many patients

of the registry compared to the previous study. However, the late

lumen loss reported in our study is nearly half of that reported in

randomised trials with use of modern bare metal stents implanted

in single lesions1-5, much lower than that expected in clinical prac-

tice according to our patients characteristics24, and not comparable

with other series of multi-vessel stenting17,25 because no QCA infor-

mation is available in this setting. Late lumen loss after DES implan-

tation is even lower (<0.4±0.5mm); yet it has been demonstrated

Table 4. QCA in patients of the study group.

QCA data Baseline After PCI Follow-up

Reference diameter (mm) 2.95±0.99 3.14±0.47 3.0±0.47

MLD (mm) 0.98±0.43 2.95±0.53 2.3±0.58

% diameter stenosis 65±15 6.5±7.0 22.9±16

Acute gain (mm) 1.97±0.61

Reference diameter <2.75mm (%) 38.3%

Late loss in vessels <3.0mm 0.55±0.38

Late loss in vessels ≥3.0mm 0.63±0.34

Loss index in vessels <3.0mm (%) 32.2±21.6

Loss index in vessels ≥3.0mm (%) 30.9±21.9

Late loss in only balloon PCI (mm) 0.41±0.43

Loss index in only balloon PCI (%) 38.5±32.2

Global restenosis rate (%) 3.8 (4/104)

Abbreviations: MLD: minimum lumen diameter, %DS: percent diameter stenosis, PCI: percutaneous coronary intervention. 
QCA values report the mean of all lesions.
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Figure 3. Left and right coronary angiograms of the same patient. Left anterior descending artery before PCI, the distal circumflex is chronical-
ly occluded (2a). After a 3.0 x 13 mm stent implantation in the mid segment, 2.5 x 16 mm stent in the distal segment, and 2.5 x 26 mm stent
in the diagonal branch (arrows), and only balloon PCI (2.5 mm diameter) over 50mm of the distal segment of the vessel (between brackets) (2b).
Elective 8-month control angiography with almost unchanged result compared to post-intervention images (2c). Right coronary artery before PCI
(2d). After a 3.0 x 13 mm stent implanted in the proximal segment, only balloon dilatation with a 3.0 mm balloon in the mid segment and a
2.5 x 13 mm stent in the distal tract (arrows) (2e). Elective 8-month control angiography (2f).

that a late lumen loss ≤0.6 mm is sufficient to reduce clinical

restenosis below 5-10%4. Within such a reduced range of in-stent

proliferation, further minimal angiographic differences might be

clinically meaningless. 

As to the clinical results of our registry, 4.7% rate of recurrence of

angina at 12 months in patients with multi-vessel CAD is very simi-

lar to that observed in the randomised IMPRESS study, confirming

both the systemic efficacy of the treatment and the appropriateness

of the calculated study sample size. Furthermore, the results of our

registry compare favourably with those of the much larger

RESEARCH registry26. In this non-selected population of patients

treated with Sirolimus-DES implantation the recurrence of angina

was indeed 3.7% at one year. Although the population enrolled in

the RESEARCH registry is closer to “real-life” than in randomised

trials, the indiscriminate Sirolimus-DES implantation in all-comers

may not be representative of a real-life interventional approach

world-wide.

Our patients were treated quite aggressively (2.7 lesions per patient,

acute gain 1.97±0.61mm) and their clinical outcome is equivalent

to that observed in patients revascularised by means of modern

CABG techniques6. Comparison with other series of patients with

MVD suggest that prednisone treatment may provide similar results

to those obtained with multiple DES implantation in ARTS 2 (six-

month MACE rate 6.4% including diabetic patients)7. Conversely,

the dismal outcome obtained with multi-vessel PCI and bare metal

stents in the control group confirms the known poor value of this

alternative6.

Study limitations

Whether the results obtained in the study group apply to patients with

persistently elevated CRP levels only, or can be obtained also in

patients with normal CRP remains to be determined in future studies.

The study is limited by its non-randomised, non-blinded nature.

However, it was not the intention of the authors to repeat the previous

IMPRESS experience, but rather to test its applicability, safety, and

clinical efficacy in the real-world context of a prospective, controlled

registry. This objective was accomplished in a high-risk population

that is normally excluded from randomised trials. Indeed, all our

patients presented at least one exclusion criteria to enter studies like

RAVEL, SIRIUS, or TAXUS1-5 and the accurate angiographic analysis

of the prednisone-treated group supports the therapeutic potential of

this systemic approach. However, the lack of systematic QCA in the

control group does not allow quantifying the “anti-restenosis effect” of

the steroid treatment suggested by the excellent clinical outcome.

The exclusion of diabetic patients remains the main limitation of the

applicability of this strategy. Diabetic patients bare a high risk for

restenosis after PCI, making CABG, and possibly DES implantation,

a much better option6-7. The potential undesirable metabolic effects

that high-dose steroids could induce in diabetic subjects withheld

the investigators from treating such patients.

Conclusions
Diffuse multi-vessel CAD is a challenging subset of patients in which

PCI is often complicated by a high incidence of adverse clinical
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events, mainly target vessel failure, and elective CABG still offers

superior results6. With the advent of DES this type of patient is being

treated also percutaneously, but definitive information about the

outcome and the economic impact of this strategy is still awaited. 

The administration of oral prednisone after conventional PCI offers

promising results that may be an interesting alternative to more

expensive treatments, particularly in countries with limited

resources. This strategy can be safely applied to an important pro-

portion of patients after exclusion of diabetics and those with con-

tra-indication to high-dose prednisone.

Unlike sponsored studies, the independence of our research, con-

ducted without economic support from industry or any other finan-

cial source, represents the strength of a study of this nature, con-

ceived and developed without conflict of interest.

References
1. Morice MC, Serruys PW, Sousa JE, et al. A randomized comparison

of a Sirolimus-eluting stent with a standard stent for coronary revascular-
ization. N Engl J Med 2002;346:1773-80

2. Moses JW, Leon MB, Popma JJ, et al. for the SIRIUS Investigators.
Sirolimus-eluting stents versus standard stents in patients with stenosis in
native coronary arteries. N Engl J Med 2003;349:1315-23

3. Schofer J, Schluter M, Gershilck AH, et al. for the E-SIRIUS
Investigators. Sirolimus-eluting stents for the treatment of patients with
long atherosclerotic lesions in small coronary arteries: a double-blind, ran-
domised controlled trial (E-SIRIUS). Lancet 2003;362:1093-9

4. Stone GW, Ellis SG, Cox DA, et al. for the TAXUS-IV Investigators. A
Polymer-based, Paclitaxel-eluting stent in patients with coronary artery
disease. N Engl J Med 2004;350:221-31

5. Schampaert E, Cohen EA, Schluter M, et al. The Canadian study of
the Sirolimus-eluting stent in the treatment of patients with long de-novo
lesions in small native coronary arteries (C-SIRIUS). J Am Coll Cardiol
2004;43:1110-5

6. Serruys PW, Unger F, Sousa JE et al. Comparison of coronary artery
bypass surgery and stenting for the treatment of multivessel disease. 
N Engl J Med 2001;344:1114-24

7. Serruys PW, Hamm C, Macaya C, et al. Arterial revascularization
therapy study: Part II of the Sirolimus-eluting Bx Velocity balloon expand-
able stent in the treatment of patients with multivessel de novo coronary
artery lesions. Am J Cardiol 2004;94(Suppl6A):69E (Abstract) 

8. Farb A, Weber DK, Kolodgie FD, et al. Morphological predictors of
restenosis after coronary stenting in humans. Circulation 2002;105:2974-80

9. Farb A, Sangiorgi G, Carter A, et al. Pathology of acute and chron-
ic coronary stenting in humans. Circulation 1999;99:44-52

10. Versaci F, Gaspardone A, Tomai F, et al. Immunosuppressive ther-
apy for the prevention of restenosis after coronary artery stent implanta-
tion (IMPRESS Study). J Am Coll Cardiol 2002;40:1935-42

11. Waksman R, Ajani AE, Pichard A, et al. Oral rapamycin to inhibit
restenosis after stenting of de novo coronary lesions: the Oral Rapamune
to Inhibit Restenosis (ORBIT) study. J Am Coll Cardiol 2004; 44:1386-92

12. Hausleiter J, Kastrati A, Mehilli J, et al. Randomized, double-blind,
placebo-controlled trial of oral Sirolimus for restenosis prevention in
patients with in-stent rstenosis. Circulation 2004;110:790-795 

13. Ridker PM. C-reactive protein. A simple test to help predict risk of
heart attack and stroke. Circulation 2003;108:e81-e85

14. Morrow DA, Rifai N, Antman EM, et al. C-reactive protein is a potent
predictor of mortality independently of and in combination with troponin T
in acute coronary syndromes: a TIMI 11A sub-study. J Am Coll Cardiol
1998;31:1460-5

15. Lindahl B, Toss H, Siegbahn A, et al. for the FRISC Study Group.
Markers of myocardial damage and inflammation in relation to long-term
mortality in unstable coronary disease. N Engl J Med 2000;343:1139-47

16. Versaci F, Gaspardone A, Tomai F, et al. Predictive Value of C-
Reactive Protein in Patients With Unstable Angina Pectoris Undergoing
Coronary Artery Stent Implantation. Am J Cardiol 2000;85:92-5

17. Kastrati A, Schomig A, Elezi S, et al. Interlesion dependence of the
risk of restenosis in patients with coronary stent placement in multiple
lesions. Circulation 1998;97:2396-2401

18. Pepine CJ, Hirshfeld JW, Macdonald RG, et al. A controlled trial of
corticosteroids to prevent restenosis after coronary angioplasty. Circulation
1990;81:1753-61

19. Lee CW, Chae J, Lim H, et al. Prospective randomized trial of corti-
costeroids for the prevention of restenosis after intracoronary stent implan-
tation. Am Heart J 1999;138:60-3

20. Stone GW, Rutherford BD, McConahay DR, et al. A randomized
trial of corticosteroids for the prevention of restenosis in 102 patients
undergoing repeat coronary angioplasty. Cathet Cardiovasc Diagn
1989;18:227-31

21. MacDonald RG, Panush RS, Pepine CJ. Rationale for use of gluco-
corticoids in modification of restenosis after percutaneous transluminal
coronary angioplasty. Am J Cardiol 1987;60:56B-60B

22. Fukuda D, Shimada K, Tanaka A, et al. Circulating monocytes and
in-stent neointima after coronary stent implantation. J Am Coll Cardiol
2004;43:18-23

23. Frey FJ, Ruegsegger MK, Frey BM. The dose-dependent systemic
availability of prednisone: one reason for the reduced biological effect of
alternate-day prednisone. Br J Clin Pharmacol 1986;21:193-9

24. de Feyter PJ, Kay P, Disco C, Serruys PW. Reference chart derived
from post-stent implantation intravascular ultrasound predictors of 6-
month expected restenosis on quantitative coronary angiography.
Circulation 1999;100:1777-83

25. Moussa I, Reimers B, Moses J, et al. Long-term angiographic and
clinical outcome of patients undergoing multivessel coronary stenting.
Circulation 1997;96:3873-9

26. Lemos PA, Serruys PW, van Domburg RT, et al. Unrestricted utiliza-
tion of Sirolimus-eluting stents compared with conventional bare stent
implantation in the real world. The RESEARCH Registry. Circulation
2004;109:190-5




