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Summary 
 
Percutaneous coronary intervention (PCI) has undergone tremendous progress over the 

last decade. The introduction of drug-eluting stents (DES) in 2003 represented one of the 

most important technical advances in interventional cardiology since the first PCI was 

performed in 1977. Drug-eluting stent was developed to address the limitation of 

restenosis encountered with earlier generation bare-metal stents. Although proven to be 

effective in clinical trials, the safety and efficacy of DES use in ‘real-world’ clinical practice 

remains uncertain in circumstances not tested in randomized trials in the current era of 

expanding use of PCI.  

This thesis consists of a selection of published work based on data from the 

Melbourne Interventional Group (MIG) PCI registry pertaining to (i) evaluate the pattern of 

DES use in “real-world” PCI practice in Australia; (ii) address the concern of late stent 

thrombosis associated with DES; (iii) assess the efficacy and safety of DES in clinical 

circumstances and populations where evidence is lacking such as the elderly, high and 

low risk coronary lesion subsets; (iv) compare risk profile and outcomes of PCI with 

coronary artery bypass grafting; and (v) comparison with other Asia-Pacific countries to 

investigate regional differences in clinical characteristics and PCI outcomes. 
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ABBREVIATIONS 

 
ASPECT = Asia Pacific Evaluation of Cardiovascular Therapies Collaboration 

BMS = Bare-metal stent 

CABG = Coronary artery bypass graft 

CAD = Coronary artery disease 

CCRE = Monash Centre of Cardiovascular Research & Education 

DAPT = Dual antiplatelet therapy 

DES = Drug-eluting stent 

ISR = In-stent restenosis 

LST = Late stent thrombosis 

MACE = Major adverse cardiovascular events 

MIG = Melbourne Interventional Group 

PCI = Percutaneous coronary intervention 

RCT = Randomized controlled trial 

TVR = Target vessel revascularization 
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CHAPTER 1: OVERVIEW 
 

Since the first percutaneous transluminal coronary angioplasty by Andreas Gruentzig (1) in 

1977, this rapidly evolving procedure has become the most common method of 

revascularization for patients with symptomatic coronary artery disease (CAD). (2, 3) Two 

key technological advances after the introduction of balloon angioplasty that have 

improved outcomes following PCI are bare-metal stents (BMS) in the 1980s and drug-

eluting stents (DES) since 2002. A DES is a BMS that slowly release a drug such as 

paclitaxel, sirolimus and everolimus to block cell growth. This prevents smooth muscle cell 

proliferation and fibrosis that could block the stented artery, a process called neointimal 

hyperplasia leading to in-stent restenosis (ISR). In-stent restenosis has been a major 

limitation of PCI with BMS where up to 30-50% required repeat revascularization as a 

consequence of ISR (4). In clinical trials, rates of target vessel revascularization (TVR) 

with DES are approximately 10%; however, “real world” TVR rates in routine clinical 

practice may differ (4).  

A critical appraisal of early DES randomized controlled trials (5) suggested the 

impressive clinical benefits of DES were subject to overestimation owing to (i) inferior BMS 

comparators in these trials which used older stent designs associated with higher 

restenosis risk than currently available stents; (ii) protocol-mandated coronary angiography 

within the first 12 months biased TVR rates against the BMS group because of 

visualization of asymptomatic lesions that would not otherwise have warranted repeat 

intervention; (iii) studies underpowered to assess myocardial infarction and mortality and 

(iv) underestimated the risk of very late stent thrombosis (LST) as most early pivotal trials 

were short in duration (9 to 12 months). In a recent randomized controlled trial of current 

era DES and BMS, the relative and absolute reduction in TVR rates associated with DES 

were 24% and 3.3%, respectively; but there were no significant differences in rates of 

death or myocardial infarction at 6 years follow-up (6).  
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About 34,000 PCIs are performed in Australia each year and this number is growing 

because of increasing prevalence of coronary artery disease in our rapidly ageing 

population (7). Unresolved issues potentially offsetting the benefits of DES include (i) 

concern about LST due to delayed endothelialization (i.e. healing) by anti-proliferative 

drugs; (ii) rising use of DES in clinical situations where evidence is lacking (e.g. elderly); (iii) 

preferential use of PCI in low-risk populations (e.g. large vessels) and (iv) limited cost-

effectiveness of DES and data comparing PCI with other treatments. In an era of 

expanding use of PCI in clinical circumstances not tested in randomised trials, data 

collected in a “real-world” registry which uses contemporary techniques, clinically driven 

revascularization and designed to capture late adverse events could address some of the 

above issues to ensure safe and appropriate evidence-based use of DES that is relevant 

to local clinical practice. The data collected will also enable monitoring of institutional and 

professional performance, identifying needs gaps in PCI services, guiding quality 

improvement initiatives and informing resource allocation. 
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CHAPTER 2: MELBOURNE INTERVENTIONAL GROUP REGISTRY 
 

“Observational studies (including registries) and randomised trials provide complementary 

evidence about the effects of treatment on mortality and major morbidity.” (8)  

    - McMahon, Lancet, 2001 

  

Although randomized controlled trials (RCT) remain the gold standard for determining 

efficacy of PCI, extrapolating trial results to routine clinical practice is limited by (i) 

selection bias that often exclude high-risk patients with complex disease encountered in 

routine clinical practice; (ii) rapid improvement in PCI technology that outpace trial 

protocols; (iii) insufficient study power to determine PCI effects among different patient 

subgroups or clinical settings; (iv) limited generalizability of results achieved in PCI centers 

of excellence participating in trials; (v) misperception between prognostic endpoints (i.e. 

avoidance of death or re-infarction) with quality-of-life endpoints (i.e. avoidance of target 

vessel revascularization as a marker of angina-free status) within composite outcomes; (vi) 

inadequate sample size to detect rare but important long-term adverse outcomes such as 

LST.  

Most developed countries have registries that enroll and evaluate large numbers of 

patients undergoing coronary interventions. The Melbourne Interventional Group (MIG) 

Registry was established in 2004 as a collaborative venture of interventional cardiologists 

practicing at 7 public hospitals in Melbourne, designed to prospectively record data 

pertaining to PCI and to perform long-term follow-up. The MIG registry longitudinally tracks 

patient outcomes in relation to baseline patient characteristics, indications for intervention, 

coronary anatomy and procedural techniques. Such a registry could detect trends in PCI 

practice and adverse events, monitoring of procedural safety and efficacy; and 

benchmarking of PCI performance against similar registries around the world. Such 

registries can contribute to quality of care by providing data feedback on a wide range of 
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performance metrics to participating canters and facilitate local and regional quality 

improvement efforts. The MIG registry is coordinated by the Monash Centre of 

Cardiovascular Research & Education (CCRE), Department of Epidemiology and 

Preventive Medicine at the Monash University, Melbourne.  

The paper in this chapter describes the foundation and design of the MIG registry 

(Appendix 1). Demographic, clinical, procedural characteristics and inpatient outcomes on 

consecutive patients undergoing PCI are documented in a standardised case report form 

with clear definitions provided. The MIG v4.1 Data Collection Form (Appendix 2) has been 

developed base on the American College of Cardiology (ACC): National Cardiovascular 

Data Registry® (NCDR) Cath Lab Module v3.04 Data Collection Form and v3.02 Data 

Definitions (9). The MIG registry employs an ‘opt-off consent’ which requires the patient to 

sign a declaration only if they refuse to contribute their relevant information, or do not want 

to be followed up beyond the coronary intervention. This method also assists in minimizing 

the “Hawthorne effect” (i.e. a phenomenon in observational research where outcome 

variables are affected by the fact that the participants of the study know they are 

participating in the study). An independent audit of 10 randomly selected verifiable fields 

from 3% of all patients enrolled from each site by an investigator not affiliated with that 

institution demonstrated 96.6% overall data accuracy (10).  

I was involved in planning and revision as a co-author of this paper (Appendix 1) 

and I contributed to the design and revision of the Data Collection Form (Appendix 2).  
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CHAPTER 3: PCI TRENDS & PATTERN OF DRUG-ELUTING STENT USE  
 

Uptake of DES in Australia was rapid after their introduction in 2003 with use as high as 

90% in some hospitals (11). Due to significant incremental costs associated with DES 

compared to BMS at the time, the Victorian Department of Human Services (DHS) 

recommended restricting the use of DES for 30% to 40% of PCI performed in public 

hospitals. Clinical guideline for the use of DES was developed by the DHS together with a 

working group of cardiologists from hospitals across Victoria to reserve DES for patients at 

the highest risk of restenosis who would theoretically derive the greatest benefit. These 

criteria included (i) diabetes mellitus; (ii) target vessel diameter ≤2.5mm; (iii) lesion length 

≥20mm; (iv) bifurcation lesion; (v) chronic total occlusion; (vi) ostial lesion; (vii) in-stent 

restenosis.  

In the first 2 papers, we evaluated the pattern of DES use between 2004 and 2007 

in Victorian public hospitals (Appendix 3 & 4). The second paper further examined overall 

PCI practice and outcome trends in the era of DES (Appendix 4). The third paper 

compared DES use between different Asian-Pacific countries to investigate regional 

differences in clinical characteristics. (Appendix 5).   

In Victorian public hospitals participating in the MIG registry, 66.2% of PCI were 

eligible for DES according to DHS guidelines (as above) but only 45.3% of PCI received a 

DES between 2004 and 2005. In accordance to the DHS guidelines, DES was 

predominantly used in patients at high risk of restenosis (87.7%). However, DES was also 

used in 16.5% of cases without criteria and a BMS was used in 39.9% of cases with 

criteria for DES. This was the first paper to document the pattern of DES use in Australian 

practice (Appendix 3). 



Page | 46  
 

In a follow-up study, we evaluated the temporal trend in PCI practice and 12-month 

clinical outcomes between 2004 and 2008 (Appendix 4). During this period, the use of 

DES declined steadily from 53.9% in 2004-2005 to 32.0% in 2007-2008, despite increases 

in lesion complexity and patient risk profile. Despite the reduction in DES use, there were 

no significant differences in 12-month clinical outcomes across the years. This may have 

reflected better selection of DES for patients at high risk of restenosis (as per Victorian 

Department of Human Services criteria) and were expected to derive the most benefit from 

DES. At the time of publication, this was the largest study of Australian PCI practice trends 

in the era of DES and the first to show that selective use of DES was an independent 

predictor of better 12-month clinical outcomes.  

In the final paper, the Asia Pacific Evaluation of Cardiovascular Therapies 

(ASPECT) Collaboration collected PCI data from existing registries from Australia, Hong 

Kong, Malaysia and Singapore involving >56,000 patients in 30 hospitals with aims to (i) 

understand differences in patient and procedural characteristics; (ii) develop ethnic specific 

risk adjustment model and (iii) compare outcomes of patients undergoing PCI across the 

Asia Pacific Region (Appendix 5). In Australia, both the MIG (n=20,556) and the Coronary 

Angiography Registry Database of South Australia (CADOSA) registries (n=1001) 

contributed. Differences in patients and procedural characteristics were noted across the 

region. In Australia, DES was used in <50% of procedures compared to the highest rates 

of DES use reported in Hong Kong. As there was no standard indication for the choice of 

DES versus BMS across the region, these differences may be related to local guidelines or 

policy, funding requirements, or operator selection.  

I was the principal author for the first and second paper (Appendix 3 & 4) and 

equal first author for the third paper (Appendix 5). I was responsible for the design, 

analysis and writing of these papers. Prof. Andrew Ajani and Chris Reid were involved in 

the revision process.  
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 CHAPTER 4:  PCI vs. CABG IN THE ERA OF DRUG-ELUTING STENTS 
 

Coronary artery bypass grafting (CABG) and PCI are alternative strategies for the 

treatment of CAD. Generally, CABG is the preferred strategy in patients with left main or 

triple-vessel coronary disease with reduced left ventricular function (12). PCI is generally 

preferred in patients with single- or double-vessel disease (13). The major limitation of PCI 

with BMS compared to CABG has been a greater need for repeat revascularization due to 

ISR (14). The introduction of DES has significantly reduced ISR and the need for repeat 

revascularization. In a recent meta-analysis of 6 randomized trials and 4,686 patients with 

unprotected left main CAD, PCI was associated with greater rates of unplanned 

revascularization but similar rates of mortality compared with CABG at a median follow-up 

of 39 months (15). In patients with low SYNTAX score, PCI was associated with lower 

mortality and conversely, CABG was associated with lower mortality in patients with high 

SYNTAX score. As a result, PCI with DES is increasingly performed in more complex 

lesions and patients who have traditionally been referred for CABG.   

The first paper compared clinical characteristics, in-hospital and 30-day outcomes 

between patients who underwent isolated CABG and patients who underwent PCI 

(Appendix 6). Despite the introduction of DES, CABG remained the preferred strategy for 

patients with multi-vessel disease, especially triple vessel-disease with reduced left 

ventricular function. However, approximately 60% of PCI were performed on patients with 

multi-vessel disease and it was not known whether multi-vessel PCI or complete 

revascularization was performed on these patients. We found the risk profile of patients 

undergoing CABG were different to that of patients having PCI in the era of DES. Patients 

who underwent PCI had a higher incidence of recent myocardial infarction within 7 days as 

the indication for revascularisation. On the other hand, patients who underwent CABG had 

a higher incidence of diabetes mellitus, heart failure, multi-vessel coronary artery disease 
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and stroke. In-hospital and 30-dat mortality rates were low (<2%) and similar between PCI 

and CABG. Independent predictors of short-term mortality also differed between treatment 

strategies. In the CABG group, prior CABG was the strongest predictor of 30-day mortality 

(OR 6.56, 95%CI 2.43-17.31). 

As increasing numbers of patients undergoing CABG have previously undergone 

PCI, the second paper evaluated the impact of previous PCI on CABG outcomes 

(Appendix 7). We analyzed consecutive first-time isolated CABG procedures within the 

Australasian Society of Cardiac and Thoracic Surgeons Database from June 2001 to May 

2008. Of 13,184 patients who underwent CABG, 11.1% had prior PCI and we found no 

significant differences in major adverse cardiovascular outcomes between treatment 

modalities with a mean follow-up of 3.3 years. We concluded that prior PCI was not 

associated with increased short- or mid-term mortality after CABG.  

I was the principal author for the first paper (Appendix 6) and equal first author for 

the second paper (Appendix 7). I was responsible for the design, analysis and writing 

both papers. Prof. Andrew Ajani and Chris Reid were involved in the revision process.  
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CHAPTER 5: DRUG-ELUTING STENT USE IN HIGH-RISK PATIENT 
SUBSETS 
 

The world’s population is rapidly ageing and as the number of elderly increases, the 

burden of CAD is set to grow. Percutaneous coronary intervention is a well-established 

treatment for symptomatic CAD but elderly patients are less likely to undergo 

revascularization than younger patients despite more extensive CAD (16, 17). Age alone is 

often the main reason why PCI is avoided. Moreover, elderly patients are often frail and 

have multiple comorbidities which increase their risks associated with PCI (18, 19). Over 

the last decade, advancements in PCI outcomes have led to increasing number of elderly 

patients undergo revascularization (20). Evidence-based data to guide coronary 

revascularization has been limited in clinical trials which generally under-represent elderly 

patients. Recently, 2 randomized studies evaluated the use of DES compared to BMS in 

elderly patients >75 years of age (21, 22). Both studies showed DES with a short duration 

of dual antiplatelet therapy was associated with better safety and efficacy benefits 

compared to BMS. However, there remains limited data pertaining to octogenarians 

undergoing PCI in ’real world’ clinical practice. 

In this paper, we examined clinical outcomes of elderly patients undergoing PCI in 

the MIG registry (Appendix 8). In this paper, octogenarians comprised a significant cohort 

(11.3%) of all patients undergoing PCI. Octogenarians had more complex coronary artery 

lesions and multi-vessel disease. Procedural success rates were lower and complication 

rates were higher compared to patients <80 years. Overall, mortality was four times higher 

in octogenarians at 30 days and 12 months. Higher risk clinical presentation such as ST-

elevation myocardial infarction and cardiogenic shock and the presence of comorbidities 

such as chronic renal failure were more predictive of 12-month mortality than age per se. 

By contrast, there were no significance differences in MACE rates in octogenarians who 
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presented with stable angina. In the era of DES, incidence of TVR at 12 months remained 

low and similar between the 2 age groups. This paper demonstrated that age per se 

should not deter against PCI and thorough clinical evaluation is mandatory in selecting 

elderly patients who would gain the most clinical benefit from an invasive approach 

(compared with conservative management) because of their higher baseline risk. 

In this paper, I was the principal author responsible for designing the study, 

performing the statistical analyses and subsequently writing the paper (Appendix 8). I was 

aided by Prof. Chris Reid and Andrew Ajani in the revision process.   
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CHAPTER 6: DRUG-ELUTING STENT USE IN HIGH-RISK LESION 
SUBSETS  
 

In-stent restenosis remains a major limitation of PCI with BMS with reported rates of ISR in 

10% to 50% of patients (23, 24). The optimal treatment of ISR remains uncertain with high 

rates of recurrence from 30% to 80% (25). Drug-eluting stents have significantly reduced 

the incidence of ISR and are more effective than angioplasty alone or repeat BMS for the 

treatment of ISR (26, 27). 

In the 2 papers in this chapter, the challenging subgroup of ISR lesions is examined 

(Appendix 9 & 10). In the first paper, we assessed the treatment of ISR and rates of 

recurrent ISR in the era of DES from the MIG Registry (Appendix 9). The majority of ISR 

occurred after BMS (87%) and was treated with additional DES in almost all cases (98%). 

The incidence of recurrent DES restenosis was low (5%) at 12 months. Our study 

suggested that DES was effective, safe and the preferred treatment for ISR. 

In the second paper, the treatment of ISR with DES was reviewed (Appendix 10). 

The efficacy of DES in complex ISR (i.e. diabetic patients, diffuse pattern, recurrent ISR) 

was less effective than in focal ISR or de novo lesions. Drug-eluting stents was likely to 

become the predominant treatment strategy for BMS ISR because of their ease of use and 

availability. Although the incidence of ISR in DES was low, the management of DES 

restenosis will be an ongoing challenge as DES use becomes more widespread.  

I was the principal author for the second paper (Appendix 10) and equal first author 

for the first paper (Appendix 9). I was responsible for the design, analysis and writing both 

papers. Prof. Andrew Ajani was involved in the revision process.  
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CHAPTER 7: DRUG-ELUTING STENT USE IN LOW-RISK PATIENT 
SUBSETS 
 

Drug-eluting stents have been shown to be superior to BMS in reducing restenosis in most 

types of coronary lesions (28). However, in patients at low risk of restenosis such as large 

coronary arteries ≥3.5mm where restenosis rates are low (<10%), the absolute benefit 

from DES in these low risk patients may be attenuated (29, 30). Subgroup analyses of 

randomized trials have shown modest differences in clinical outcomes between BMS and 

first generation DES in large vessels (27, 30-33). A recent randomized controlled trial of 

2,314 patients requiring 3mm or larger stents demonstrated significant benefits of newer 

second generation DES in TVR reduction but no significant differences in death or 

myocardial infarction compared to BMS (34). On the other hand, there are risks of 

bleeding associated with the need for prolonged dual-antiplatelet therapy (DAPT) after 

DES implantation. (35-37)  

In this paper, 12-month clinical outcomes were compared between BMS and DES 

implantation in large native coronary vessels ≥3.5mm from the MIG registry (Appendix 11). 

Our findings were consistent with results from randomized studies and other large 

registries which found little or no significant benefit of DES in large coronary arteries (27, 

30, 31, 38-41). Based on our results, in patients with large coronary vessels, one must 

weigh the risk of restenosis against the potential risk of stent thrombosis, the need for 

prolonged anti-platelet therapy and incremental cost with DES compared to BMS. Further 

studies are warranted to establish whether there is a subgroup of patients with large 

vessels who may benefit more from DES.     

I was the principal author of the paper (Appendix 11). I was responsible for the 

design, analysis and writing both papers. Prof. Andrew Ajani and Dr. David Clark were 

involved in the revision process.  
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CHAPTER 8: LONG-TERM OUTCOMES OF DRUG-ELUTING vs. BARE-

METAL STENTS IN REAL WORLD CLINICAL PRACTICE 

The main benefits of DES compared with BMS included reduction in occurrence of ISR 

and the need for subsequent repeat revascularization. An early comprehensive analysis of 

38 randomized controlled trials in 18,023 patients confirmed a 58%–70% reduction in 

restenosis-related repeat revascularization with DES compared to BMS (28). In a recent 

randomized controlled trial of current era DES and BMS, the relative and absolute 

reduction in TVR rates associated with DES were 24% and 3.3%, respectively; but there 

were no significant differences in rates of death or myocardial infarction at 6 years follow-

up (6). Although proven to be effective in clinical trials, it remains uncertain as to whether 

current DES and PCI use reflects evidence-based medicine in maximizing population 

health in ‘real world’ clinical practice. Little is known about long-term outcome trends in the 

era of DES in Australia.  

In the first paper, we evaluated PCI practice trends and 12-month clinical outcomes 

in consecutive patients undergoing 9,204 PCI between 2004 and 2008 (Appendix 4). 

Over the study period, we observed steadily high procedural success rates and low rates 

of adverse clinical outcomes at 12 months despite increasing risk profile of patients 

undergoing PCI and lesion complexity. Interestingly, this was achieved with declining use 

of DES from 53.9% in 2004 to 32.0% in 2007 (in line with the Victorian Department of 

Human Services recommendation for 30%-40% DES at the time). Drug-eluting stent was 

an independent predictor of 12-month major adverse cardiac events (odds ratio 0.68, 95% 

confidence interval 0.56-0.81, p<0.01) which was expectedly driven by reduction in TVR. 

There were no significant differences in terms of mortality and myocardial infarction rates 

between DES and BMS at 12 months. 

Concerns over the safety of DES linked to the risk of late (>30 days) and very late 

(>12 months) stent thrombosis were first raised in 2004 as a consequence of drug induced 
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delayed healing and impaired endothelialization of stent struts (42). Delayed 

endothelialization prolongs the period of thrombogenic risk and raises the susceptibility of 

DES to late stent thrombosis (LST). Compared with restenosis, LST is uncommon but 

carries a much higher risk of myocardial infarction (70% vs. 10%), with mortality rates 

between 31% and 45% (43, 44). This was a particular pertinent question to address 

because DES use was restricted by the Victorian Department of Human Services to those 

at high of restenosis (such as those with diabetes mellitus, long and complex lesions and 

small vessels) who may also be at higher risk of LST which may offset the benefits in 

reducing restenosis. A substantial body of research has focused on determining the 

magnitude of these competing events, often reaching contradictory results even with 

analyses of the same data. Although larger, adequately powered, randomized trials are 

needed to fully assess the net clinical effects of DES compared with BMS, the evidence 

seems to suggest that the net clinical benefit of DES may outweigh their risks. Meta-

analyses to date have demonstrated a risk of LST (excess of 0.5%) at 12 months in DES 

patients compared with BMS patients (4). However, findings of randomised clinical trials so 

far have not shown that DES result in excess mortality after 4-5 years of follow-up (45). 

In the second paper, we evaluated the incidence of LST after DES and BMS 

(Appendix 12). The overall incidence of LST (1.0%) was low and most were classified as 

possible stent thrombosis according to the definitions by the Academic Research 

Consortium where (i) definite stent thrombosis requires the presence of an acute coronary 

syndrome with angiographic or autopsy evidence of thrombus or occlusion; (ii) probable 

stent thrombosis included unexplained deaths within 30 days after PCI or acute myocardial 

infarction involving the target-vessel territory without angiographic confirmation and (iii) 

possible LST included all unexplained deaths occurring >30 days after PCI (44). Using 

these definitions may have overestimated our rates of LST. It was reassuring that use of 

DES in patients at high risk of restenosis in our study was not associated with increased 
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risk of LST, mortality or myocardial infarction compared to BMS. Although longer term 

follow-up beyond 12 months is imperative to evaluate the continuing risk of very LST, 

extremely large-scale randomized trials comparing DES and BMS would be needed to 

address this issue which is unlikely to be performed. Therefore, large ‘real-world’ registries 

such as the MIG registry remain invaluable in the assessment of late and very late stent 

thrombosis.  

Prolonged dual anti-platelet therapy (DAPT) up to 12 months with aspirin and 

clopidogrel has become the standard of care after first generation DES to prevent stent 

thrombosis (46). Compared with first-generation DES, newer-generation DES have 

improved safety profile and lower risk of LST. Therefore, current guideline recommend 

shorter-duration DAPT can be considered for patients at lower ischemic risk (e.g. stable 

angina) with high bleeding risk, whereas longer-duration DAPT may be reasonable for 

patients at higher ischemic risk (e.g. ACS) with lower bleeding risk (46). A recent meta-

analysis of 11 randomized controlled trials demonstrated no significant differences in 

incidence of death, myocardial infarction stent thrombosis between 12-months and 3 to 6 

months DAPT (47).  

In the second paper, we reaffirmed the absence of clopidogrel was a strong 

predictor of all (OR 3.94, 95% CI 1.61-10.31) and early (OR 16.39, 95% CI 3.89-71.43) 

thrombosis in first-generation DES (Appendix 12). In the third paper, we highlighted the 

concern of increased risk of bleeding with prolonged DAPT after DES and the potential risk 

of stent thrombosis if dual antiplatelet therapy is prematurely discontinued or interrupted 

(Appendix 13). The increased risk of bleeding is an important issue for patients who need 

to undergo cardiac or non-cardiac surgery. In patients undergoing CABG, exposure to 

clopidogrel markedly increase post-operative bleeding, transfusion requirement and re-

exploration rates nearly 10-fold (48-50). Cessation of clopidogrel may be required up to 10 

days before surgery because recovery of platelet function can occur 7-10 days after 
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discontinuation of clopidgrel (51). In the absence of data on how best to manage anti-

platelet therapy after DES implantation in the peri-operative period, we advocated the 

need to balance the perceived risk of stent thrombosis by interrupting and the risk of 

severe bleeding by continuing DAPT on a case-by-case basis.  

I was the principal author of all 3 papers (Appendix 4, 12 & 13). I was responsible 

for the design, analysis and writing all 3 papers. Prof. Chris Reid was involved in the 

revision process of the first 2 papers and Prof. Andrew Ajani in all 3 papers.  

      

   

 

  



Page | 57  
 

CHAPTER 9: CONCLUSIONS AND FUTURE DIRECTIONS 
 

Over the last decade, PCI has become the most common revascularization treatment for 

coronary artery disease in Australia. Drug-eluting stents represent one of the most 

important advances in PCI technology which has significantly reduce the occurrence of in-

stent restenosis and need for repeat intervention compared to BMS. This thesis aimed to 

analyze data from a prospective PCI registry to address some unresolved issues regarding 

the use of DES in “real world” clinical practice where evidence is lacking.     

The MIG registry is the first large-scale prospective multi-center Australian PCI 

registry with long-term follow-up that reflect “real-world” clinical practice (Appendix 1 & 4). 

From 2004 to 2008, the use of DES steadily declined from 50% to 30% despite increasing 

patient risk profile and lesion complexity (Appendix 4). Drug-eluting stents were 

predominantly used for patients at high risk of restenosis but up to a third of patients with 

indication for DES received a BMS (Appendix 3). In the era of DES, CABG remained the 

preferred strategy for patients with 3-vessel disease and should be considered 

complementary to PCI for patient with different risk profile (Appendix 6 & 7). 

Our data demonstrated that selected use of DES in patients at high risk of 

restenosis and BMS in lower risk population is associated with comparable clinical 

outcomes (Appendix 4, 6, 7-9, 11) and low risk of late stent thrombosis up to 12 months 

(Appendix 12). Marginal improvement in outcomes from DES use in low risk patients is 

unlikely to be cost-effective.   

The ASPECT Collaboration is an initiative to better understand the delivery of 

cardiac care and outcome for patients undergoing PCI across the Asia Pacific region. Our 

initial report (Appendix 5) raised a number of issues for further studies. Firstly, definitions 

differ between registries and there is a need for prospective standardization of a minimum 
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data set across the region. Secondly, collation of individual patient data for pooed central 

registry analysis was hampered by varied ethical requirements for cross-border transfer of 

patient information between countries. In this study, clinical information from each registry 

was de-identified and aggregated at the local level and then uploaded centrally to the 

Monash University Centre for Cardiovascular Research and Education in Therapeutics 

(CCRET) for data analysis. A major limitation of this approach was that individual-patient 

data was not available for analysis. Thirdly, patient outcomes including complications, 

death and repeat procedure were not available in all participating sites. Individual patient 

data will enable the development of ethnic or country specific risk adjustment models and 

benchmark quality of PCI procedures across the Asia Pacific region. Lastly, sustainable 

funding for registry management and analyses will be one of the major challenges facing 

each individual registry.  

In the future, the MIG registry can become the template for a national PCI registry. 

Information gathered and analyzed would be of interest to cardiologists, cardiac surgeons, 

hospital cardiac units, hospital quality assurance and finance departments, government, 

health insurance funds and, most importantly, patients. Present data collection in Australia 

is fragmented and contains little long-term outcome information. Many PCI centres 

routinely collect data on PCI performed, but definitions may vary and usually only 

catheterization laboratory (“procedural success”) or inpatient outcomes are recorded. 

There is ample evidence that long-term (>12 months) patient status serves as a more 

comprehensive measure of procedural outcome than inpatient results. Information 

available from such a registry would enable clinicians and health planners to compare PCI 

outcomes with international standards and the opportunity to assess the clinical efficacy 

and cost-effectiveness of new technologies (such as DES) relevant to local clinical practice 

and potentially highlight any areas that need to be improved. This would ensure safer and 

appropriate evidence-based use of limited resources in an era of expanding use of PCI in 
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clinical circumstances not tested in randomized trials. These data would potentially benefit 

patients by providing more information that might guide their choices among treatment 

options to maximize return on health expenditure.  

In 2012, a state-wide Victorian Cardiac Outcomes Registry (VCOR) was 

established to monitor the performance of health services in both the public and private 

sectors (52), VCOR is coordinated by Monash University in conjunction with the Victorian 

Cardiac Clinical Network and participating hospitals; and funded by the Department of 

Health, Victoria. VCOR collects procedural details and follows up on medical outcomes 

and complications up to 30 days. The primary focus is to provide relevant feedback to 

hospitals for benchmarking and to improve quality-of-care. Agreed-on analytical outputs 

can be used (by professional groups, consumers, health policymakers and researchers) 

for monitoring institutional and professional performance, identifying needs gaps in PCI 

services, guiding quality improvement initiatives and informing resource allocation. 

Additionally, patients might in the future be able to review outcomes from the MIG and 

VCOR PCI database and compare these with overseas PCI registries as well as the 

Australasian Society of Cardiac and Thoracic Surgeons (ASCTS) registry which captures 

complete details of treatment and follow-up care for every patient undergoing coronary 

bypass surgery in Victoria. Linking these databases may improve information flow to all 

stakeholders. Empowerment of patients with respect to knowledge of treatment options 

may reduce medico-legal issues. Monitoring outcomes can improve patient management 

by encouraging appropriate application of clinical guidelines. Finally, information available 

in such a database may lead to better planning of health services and infrastructure, 

leading to economic benefits. Ultimately, it is anticipated that this will facilitate 

improvement in short- and long-term outcomes for patients with coronary artery disease 

undergoing PCI. 
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