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BACKGROUND  One of the current prophylactic interventions to prevent restenosis includes the use of 
immunosupressants. Marked activation of inflammatory cells at the site of stent plays a role in the 
process of restenosis. However, clinical trials in humans using prednisone, both oral and intravenous 
preparations still shows mixed results and needs to be reviewed.

OBJECTIVES To assess the efficacy of prednisone in preventing coronary artery restenosis among patients who 
underwent percutaneous coronary intervention (PCI) using bare-metal stents.

METHODS This is a meta-analysis of randomized, double-blind, placebo-controlled clinical trials using prednisone 
or its steroid equivalent as intervention for preventing coronary artery restenosis and cardiovascular 
events among coronary artery disease patients who underwent PCI using bare-metal stents.

RESULTS Four studies were included in the meta-analysis. Risk ratio of restenosis rates was 0.83 (95% CI 0.59-
1.16). Heterogeneity was moderate (I

2
=57%). Three studies reported a 12-month event-free survival 

rate. Prednisone had a risk ratio of 0.55 (95% CI 0.39-0.79); but heterogeneity was moderate.

In the era of bare metal stents and drug eluting stents, 
restenosis of the target lesion has been one of the main 
limitations of angioplasty occurring in around 20% to 
50% of patients after balloon angioplasty, and in 10% to 
30% of patients receiving a stent.1 Most clinical ischemic 
events occur between 3 and 9 months post-procedure.2 
The simplest and most widely used definition of restenosis 
is a decrease in diameter of more than 50% at follow up. 
Most restenosis patients presents with typical angina. The 
mechanism involved in this process includes acute vessel 
recoil; chronic remodelling; early thrombus formation; and 
intimal hyperplasia.2,3

Using bare metal stents, acute vessel recoil and 
remodelling were almost completely prevented. Dual anti-
platelet therapy prevents early thrombus formation. However, 
intimal hyperplasia has not been fully addressed and has been 
the target of many clinical trials to prevent restenosis. Current 
prophylactic therapeutic interventions to prevent restenosis 
includes the use of immunosupressants like sirolimus; oral 
anti-inflammatories such as prednisone; phosphodiesterase 
inhibitors such as cilostazol; anti-proliferative drugs such as 
paclitaxel; thiazolinediones such as rosiglitazone; statins; and 

brachytherapy treatment. 
Since inflammation plays a critical role in neointimal 

formation after coronary artery stenting, the use of systemic or 
local immunosuppressive and anti-inflammatory therapies to 
prevent neointimal proliferation was promising in preclinical 
studies.3-6 However, randomized controlled trials (RCTs) on 
steroid therapies in patients undergoing stent implantation 
showed inconsistent results, depending on the type of steroid 
used and outcomes measured.7-10 

This study aimed to systematically review and assess 
the efficacy of steroid therapy prednisone in preventing 
coronary artery restenosis among patients who underwent 
percutaneous coronary intervention (PCI) using bare-metal 
stents as demonstrated in RCTs.

METHODS
Included studies

This study included all randomized, double-blind, 
placebo-controlled clinical trials using prednisone or its 
steroid equivalent as intervention for preventing coronary 
artery restenosis among coronary artery disease (CAD) 
patients who underwent PCI using bare-metal stents. Patients 
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included in these studies had diagnosed CAD; with either 
single or multi-vessel involvement; and with involvement of 
either native vessels or by-pass grafts. Patients with unstable 
angina (Braunwald class III); previous myocardial infarction 
(MI) in the last six weeks; treatment of restenotic lesions or 
vein graft stenosis; left main disease or left main equivalent 
total occlusions; connective tissue diseases; renal failure; 
neoplasia; left ventricular ejection fraction < 40%; New 
York Heart Association functional class > II; steroid therapy 
within the preceding 30 days; contraindication to steroid use 
including active infective diseases, active peptic ulcer, and 
diabetes treated with medical therapy; uncontrolled severe 
hypertension; pregnancy; or lack of signed informed consent 
were generally excluded from the studies.

Only studies evaluating restenosis rate, defined as an 
in-stent stenosis of at least 50% at follow up coronary 
angiography. Late loss was defined as the minimal luminal 
diameter after the procedure minus the value at six-month 
follow-up.

Search methods for identification of studies
Both MESH and free text were used to search 

electronic databases (PUBMED, MEDLINE, Cochrane 
Library, and ClinicalTrials.gov), using the following terms: 
“prednisone”, “steroids”, “angioplasty”, “percutaneous 
coronary intervention”, “bare-metal stents”, “drug-eluting 
stents”, “stenting” and “restenosis”. Trials published in 
any language were eligible, without restrictions. The search 
was restricted to studies conducted on human subjects and 
classified as randomized controlled trials. Cross references 
in the retrieved articles were likewise reviewed. Full-text 
articles were obtained from websites of specified publications 
and collections from local and international libraries. 
Communication with experts and pharmaceutical companies 
was done to search for unpublished articles.

Selection of studies
Two reviewers independently reviewed the studies 

searched and discarded clearly irrelevant studies based on 
their titles and abstracts. The remaining studies were reviewed 
for eligibility based on the inclusion criteria for the review. 
The two reviewers then compiled independent lists of studies 
included. 

Six full text articles were considered for meta-analysis; 

however, only four were included in this review. One of 
the excluded trials was a case report; the other one was 
excluded because it was primarily on patients who underwent 
percutaneous transluminal coronary angioplasty. 

Data extraction and analysis
Results were gathered from the retrieved studies. The 

data for analysis were extracted from reported summary 
statistics for each study. The primary outcome was restenosis 
rate. The secondary outcome was event-free survival rate 
(i.e., cardiovascular events, ischemia, myocardial infarction, 
revascularization, or death). 

Assessment of risk of bias in included studies
All included studies had to be randomized, double-

blinded and placebo-controlled. Each study was critically 
appraised with regards to methods of minimizing selection 
bias, performance bias, exclusion bias and detection bias. Two 
reviewers independently appraised each journal. Discrepancies 
were discussed and a third reviewer independently reviewed 
the quality assessment done. 

Assessment of heterogeneity
Data were entered in the Cochrane Review Manager 

Software version 5.0. Heterogeneity between trials were 
tested using a standard Chi-square test and were considered 
significant when p<0.05.

RESULTS
Four studies were included in this meta-analysis, as 

described in Table 1.7-10 Figure 1 shows the forest plot of 
comparison for the primary outcome of the four included 
studies. The study of Ribichini et al (2011) has the greatest 
weight (43.9%).8 The risk ratio was 0.83 (95% CI 0.59-
1.16). Random effects modeling showed there was moderate 
heterogeneity (I

2
=57%); hence, a conclusion cannot be made 

in terms of the primary outcome.
Figure 2, which shows the funnel plot for the primary 

outcome, demonstrates that the study of Versaci et al showed 
the largest standard of error and is beyond the 95% confidence 
limit set in this review, indicating substantial heterogeneity 
in this review.10 The study of Versaci et al (2002) included 
high-risk patients with elevated C-reactive protein (CRP) 
serum levels, and utilized lower doses of prednisone compared 
with the other included studies. 
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Sensitivity analysis, by analysing the primary outcomes 
with the results of Versaci et al excluded, was performed 
(Figure 3). In this analysis, the study of Ribichini et al had 
the greatest weight (82.5%).8 The three included studies 
were homogenous (I

2
=0%). Overall effect favors the use of 

prednisone, with risk ratio of 0.94 (95% CI 0.82-1.08), but 

was not statistically significant.
Three studies evaluated the secondary outcome of 

12-month event-free survival rate . 
The overall effect significantly favored the use of 

prednisone, with a risk ratio of 0.55 (95% CI 0.39-0.79) 
(Figure 4). However, there was moderate heterogeneity, 

             Study        Methods and         Participants        Intervention             Outcome Bias
  duration of follow up
 
 Namdari et al 20117  RCT n=200 IM methylprednisolone Primary: Composite (MI, A
   12 months Underwent PCI 40 mg (given 48 hours SCD, unstable angina,
    stainless BMS after angioplasty) versus abnormal stress test,
     placebo restenosis); includes sub-
      analysis per gender and per
      lesion involved
 Ribichini 2011  RCT n=375 Oral prednisone (started Primary: Restenosis B
 (CEREA-DES Trial)8  12 months Non-diabetic, the same day as PCI, Secondary: 12-month event
    independent of CRP after the procedure, free survival rate (CV, MI,
    levels, on optimal medical and in all cases after 48 ischemia, revascularization,
    therapy and BMS hours) given as follows: restenosis)
     1 mg/kg x Day 1-15;
     0.5mg/kg x Day 16-30;
     0.25mg/kg x Day 31-40
 Versaci 2002  RCT n=83 Oral prednisone 72 hrs Primary: 12-month event A
 (IMPRESS Study)9  12 months High-risk patients after PCI given as free survival rate
    (elevated CRP; non- follows: Secondary: Restenosis rate;
    diabetic); with single and 1mg/kg x Day 1-10; late loss
    multi-vessel disease 0.5 mg/kg x Day 11-30;
     0.25 mg/kg x Day 31-40;
 Stone 198910  RCT n=102 IM methylprednisolone Primary: Angiographic A
   14 months With single and 125 mg (given night restenosis (> 50% stenosis
    multi-vessel disease before and in the morn- or > 50% diameter narrow-
     ing of the procedure) ing at the site of prior
     followed by: Oral successful angioplasty per
     Prednisone 60mg/tab patient and per lesion dilated
     od x 1 week post-PTCA Secondary: Clinical
      restenosis and clinical events
      (deaths and MI)

RCT=randomized, controlled trial; PCI=percutaneous coronary intervention; BMS=bare metal stent; MI=myocardial infarction; SCD=sudden cardiac death; 
CRP=C-reactive protein; CV=cardiovascular; PTCA=percutaneous transluminal coronary angioplasty.

Table 1. Characteristics of included studies7-10.

Figure 1. Forest plot of risk ratio of restenosis rates (primary outcome) between prednisone therapy and control among PCI patients 
using BMS.

PCI=percutaneous coronary intervention; BMS=bare metal stents
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Figure 2. Funnel plot showing heterogeneity of included studies 
for restenosis rates (primary outcome).

of atherosclerosis at least partly mediated by the inflammatory 
process, which is one of the pathophysiologic bases of 
restenosis. Corticosteroids may be useful in inhibiting this 
process by potentially inhibiting monocyte and macrophage 
number and function, and stabilizing lysosomal membranes.

This meta-analysis did not show a preventive role in 
decreasing the rate of restenosis after PCI using bare metal 
stents. Several factors such as clinical and methodological 
heterogeneity among included studies led to this conclusion. 
Low-dose steroids, as in the study of Namdari et al (2011), 
showed poor efficacy in preventing restenosis.7 On the other 
hand, when giving high-dose steroid treatment, side effects 
such as moderate water retention, including facial edema and 
transient hypoglycemia should be taken into consideration.8

Eevated levels of inflammatory markers before or after 
PCI are associated with a higher risk of restenosis.10 A high 
level of CRP 72 hours after successful coronary artery stenting 
is predictive of a worse prognosis at 12 months. This response 
may be due to further activation of the inflammatory process 
within the plaque itself as well as to the injury during coronary 
artery stenting. However, the inclusion of high-risk patients 
(elevated CRP levels) in evaluating the primary outcome 
(restenosis rate) caused significant heterogeneity (Figure 2).

making it difficult to draw conclusions from the analysis.

DISCUSSION
Rate of restenosis has remained at 20% to 40% within 

the first 6 months of PCI despite extensive efforts to reduce its 
recurrence.9 To date, it remains the most significant limitation 
of angioplasty. Hence, prophylactic pharmacological 
interventions have been proposed to prevent accelerated forms 

Figure 3. Forest plot of risk ratio of restenosis rates (primary outcome) between prednisone therapy and control among PCI patients 
using BMS (sub-analysis excluding Versaci et al).

PCI=percutaneous coronary intervention; BMS=bare metal stents.

Figure 4. Forest plot of risk ratio of 12-month event-free rate (secondary outcome) between prednisone therapy and control among 
PCI patients using BMS.

PCI=percutaneous coronary intervention; BMS=bare metal stents.

Steroid Therapy as Prophylaxis to Prevent Coronary Artery Restenosis
Manicad et al



1

73PJC  Vol. 40 No.2
July 2012 to December 2012

Steroid Therapy as Prophylaxis to Prevent Coronary Artery Restenosis
Manicad et al

For the secondary outcome of 12-month event-free 
survival, steroid treatment showed some benefit, but moderate 
heterogeneity between studies weakens this conclusion. 

In conclusion, in this meta-analysis, the overall effect 
on the use of steroid therapy in preventing coronary artery 
restenosis among patients undergoing PCI is inconclusive due 
to study heterogeneity. When using steroids, dosing and side 
effects should be considered.

Future investigation on the association of high-sensitivity 
CRP assay and restenosis as marker of inflammation for 
patients undergoing PCI may be explored as a potential 
marker of prognosis among PCI patients. Evaluation  of 
efficacy of therapies in these high-risk patients may need to 
be further explored.
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