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Research Aims 

1. To document and provide evidence to cardiologists, the medical community, patients and 

ourselves that percutaneous coronary intervention is a safe  and efficacious  treatment for 

patients with obstructive coronary lesions. 

2. To provide evidence that stent implantation is an advance over balloon angioplasty, in the 

management of  patients with coronary disease. 

3. To provide evidence that "extending the boundaries" in terms of  the types of  patients and 

lesions that we treat, and modification  of  technique and equipment, is safe  and efficacious  with 

respect to adverse clinical outcomes. 

4. To provide evidence that "extending the boundaries" does not significantly  increase the chance 

of  restenosis, which remains the "Achilles heal" of  interventional cardiology. 

5. To continue to search for  information  that allows us to stratify  patients such that we can treat 

them in a more informed  way. 

6. To continue to search for  information,  on which to base a more informed  forecast  of  what the 

intermediate and longer term outcomes might be, for  patients with coronary artery disease. 
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Introduction 

Despite the finding  that the age-adjusted rates for  coronary artery disease have been falling  in New 

Zealand and Australia for  several decades, coronary heart disease remains the largest cause of 

premature death in people under the age of  70 years. With the ageing population and accumulating 

evidence that a more aggressive interventional strategy is beneficial  for  patients with coronary 

artery disease, we are continuing to see increasing numbers of  patients referred  for  investigation 

and subsequent revascularisation procedures, both percutaneously and surgical. It will be many 

decades before  we begin to see the benefits  of  more aggressive primary prevention strategies. 

Coronary angioplasty, which was introduced in 1977 by Andreas Gruentzig, has become 

established as a safe  and effective  treatment strategy for  patients with obstructive coronary lesions. 

Two major limitations of  the technique remain. Introduction of  a metal device, usually stainless 

steel, into the circulation causes platelet activation and thrombus formation  and in 1-2% of  cases, 

stent thrombosis and acute occlusion can occur. Restenosis, the process of  neointimal 

proliferation,  can cause a significant  renarrowing of  the treated segment. This occurs in 

approximately 20% of  patients who then require a further  intervention within the first  6 months of 

the initial treatment. 

In order to advance and refine  the practice of  interventional cardiology and to improve outcomes, 

innumerable hours of  research have been undertaken and volumes of  papers published. Every 

piece of  research in a small way contributes to the improvement in the care of  patients with 

coronary artery disease. 

We can use the analogy of  a rock-climber (figure).  When a rock-climber leads up a rock face,  he 

carefully  wedges stoppers into cracks and fissures  and loops his rope through a carabiner before 

advancing. Should he fall  he trusts that he will be held by the last inserted stopper. If  he is cautious 

he will position many stoppers close together. If  he is bold, less will be placed further  apart. 

Coronary artery disease is like the rock face.  Percutaneous coronary intervention is a route up the 

rock face  that the climber has chosen to take, and related research, the stoppers. The practice of 

interventional cardiology appears, on occasion, to advance ahead of  data from  published studies, 

but research must continue so that if  uncertainty should arise we will only fall  as far  as the most 

recent relevant published information.  The more stoppers in the rock face,  and analogously, the 

more studies that are undertaken and reported, the shorter the distance to fall. 
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The aim of  this thesis is to contribute some of  the stoppers for  the rock wall and thus in a very 

small way help advance the practice of  interventional cardiology in patients with obstructive 

coronary disease. 
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Abstract 

This volume contains a series of  linking chapters that follow  the evolution of  percutaneous 

intervention from  conventional balloon angioplasty in the early to mid 1990s to stent implantation, 

which has now become standard practice. It describes contributions to the extension of  clinical 

situations in which percutaneous intervention has been found  to be efficacious  as well as 

refinements  in practice and technique. I was fortunate  to have been a fellow  and then staff  member 

of  the Cardiology department of  the Thoraxcenter, Rotterdam from  1993-1995, which was then, 

and remains, at the forefront  of  the development of  percutaneous coronary interventional 

techniques. My continued links with the Thoraxcenter as well as new projects have allowed me to 

continue my research and complete this thesis. 

Part 1 contains two chapters on balloon angioplasty which was standard clinical practice for 

suitable obstructive coronary lesions until the mid 1990s. 

The first  chapter describes an audit of  immediate clinical outcome and thus rates of  procedure 

related complications of  contemporary practice in a high volume unit following  970 balloon 

angioplasty procedures over a one-year period. Although the rate of  adverse events appeared to 

remain static when compared to the previous decade, the requirement for  emergency bypass 

surgery appeared to be diminishing and it is suggested that may be due to the increasing 

availability of  stents for  "bail-out". 

The second chapter studies the long-term outcome with respect to major adverse clinical events in 

856 consecutive patients treated by balloon angioplasty from  1980-1985. Although the long-term 

outcome was good and comparable to results of  coronary bypass surgery, most patients suffered  a 

further  cardiac event during the 10 years following  balloon angioplasty, most of  which were repeat 

revascularisation. 

Part 2 contains four  chapters that describe and document contributions to the evolution of 

percutaneous coronary interventional practice from  balloon angioplasty to stent implantation. 
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Chapter 1 is a review of  the literature that describes the evolution of  stenting from  early animal 

experiments through early human studies to current practice and on to a vision of  the future. 

Chapter 2 describes follow-up  of  patients enrolled in the Benestent I study, which was pivotal to 

the introduction of  stenting into clinical practice. Patients, in many centres world-wide, were 

randomised to balloon angioplasty or stent implantation and underwent 6-month clinical and 

angiographic follow-up.  We report the extended one-year clinical outcome. 

Chapter 3 documents the landmark Benestent II study. This was a randomised comparison of  827 

patients in many centres worldwide (including Auckland) who were allocated to balloon 

angioplasty or a heparin-coated stent plus treatment with the anti-platelet agent ticlopidine. 

Patients randomised to stent implantation suffered  fewer  adverse events and less restenosis but this 

treatment was found  to be more costly than balloon angioplasty. 

Chapter 4 analyses in more detail some data from  the Benestent II study. As well as being 

randomised to balloon angioplasty or stent implantation, patients were also sub-randomised to 6-

month clinical only or clinical and angiographic follow-up.  We therefore  set out to assess whether 

management and outcome were influenced  as a result of  a follow-up  angiogram. We found  that 

more interventions were undertaken in those who underwent angiography with no adverse effect 

on outcome. 

As a result of  the above and other studies, stenting has become routine clinical practice with most 

patients (approximately 90%) undergoing percutaneous coronary intervention receiving a stent. 

Part 3 describes several studies which have expanded our knowledge of  stenting in various clinical 

situations and conditions, and also incorporates studies that have added refinement  to the 

technique of  stenting. 

Chapter 1 studies the intermediate term clinical outcome of  stent implantation in degenerated 

saphenous vein grafts.  Although the immediate outcome is good, with respect to adverse clinical 

events, the long-term benefit  is limited indicating that with the available technology and 

medication, percutaneous treatment of  vein graft  is a palliative procedure. 

Chapter 2 describes the results of  a prospective multicentre study assessing the outcome of 

stenting long native coronary artery lesions. The rates of  restenosis were acceptable. The study 

also provides us with an opportunity to analyse, using quantitative coronary angiography, the 

location of,  and give insights into, the mechanism of  the restenosis process. 
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Chapter 3 studies the outcome of  stenting smaller coronary arteries. Its unique design, in that 

patients were required to have a lesion in a "small" and a "large" vessel, has provided us with the 

opportunity to compare both the rates and nature of  the restenosis process in the same patients. In 

this way we abolished clinical and procedure related variables that confound  the results when 

using historical comparisons. 

Chapter 4 describes the introduction of  a new stent, the MultiLink stent, into everyday clinical 

usage. As with all new devices and minor variations of  contemporary devices, which slowly 

undergo small progressive changes, a careful  assessment and audit must be undertaken to ensure it 

has resulted in improvement in, or at least no detriment to patient care. This chapter audits the 

clinical outcome of  a new stent implanted in the first  126 patients in Auckland and Monash 

Medical Centre, Melbourne. 

Chapter 5 is a study that tests a refinement  in interventional technique. With refinement  and 

miniaturisation of  angioplasty equipment including the profile  of  balloons and stents, the possibly 

of  implanting a stent without predicting the lesions with a balloon was raised. In this study 81 

patients with suitable coronary artery lesions were randomised to stenting with and without 

predilatation. It was found  that in selected patients a strategy of  direct stenting was feasible,  faster 

and more rapid than stenting after  predilatation. 

Chapter 6 describes a study which analyses data from  10 studies co-ordinated and managed by the 

Cardialysis core laboratory in Rotterdam. The inclusion of  risk factors  allows the opportunity to 

perform  meta-analyses looking for  factors  that may influence  outcomes. In this case we attempted 

to identify  clinical and angiographic factors  that influence  asymptomatic restenosis following 

percutaneous coronary intervention. 

Chapter 7 gives an overview of  angioplasty numbers and practice in New Zealand by summarising 

data from  the National Angioplasty Registry for  the years 1995-1998. This period saw a steady 

growth in patients with coronary artery disease treated by percutaneous intervention and the 

number of  patients who received stents rose from  23% in 1995 to 84% in 1998. This data attests to 

the data and results of  the earlier studies reported in this thesis. 
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Figure 1 Four early endovascular stents. The upper left  panel shows Dotter's early nitinol coil 
wire stent compacted for  placement and following  heat-induced expansion to its 
predetermined dimensions (57). The zigzag expanding stainless steel stent described 
by Wright is shown in the upper right panel in both its sheathed and unsheathed 
form  (60). The lower left  panel shows the stents developed by Maass (59). In the 
lower right panel is shown the balloon expandable stainless steel Palmaz stent (61). 

Figure 2 Seven coronary stents, from  left  to right: Wallstent, Palmaz-Schatz stent, Wiktor 
stent, Gianturco-Roubin stent, Cordis stent, AVE stent and ACS stent. 
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Figure 1 Cumulative frequency  distribution curve for  the two study groups showing percent 
of  patients with primary clinical end points at follow-up.  Significant  differences  in 
the incidence of  major clinical events appearing in the first  6 months are maintained 
at 1-year follow-up. 

Part 2 Chapter 3 

Figure 1 Trial profile.  The numbers screened and excluded were not recorded 

Figure 2 Event-free  survival (Kaplan-Meier curves) at 12 months of  all patients (n=823)) 
included in intention-to-treat analysis and of  patients assigned clinical and 
angiographic follow-up  or clinical follow-up  alone. 

Figure 3 Average and incremental cost-effectiveness.  Outer ellipse = smallest area 
containing, with 95% probability, average costs and effects:  middle ellipse = that 
area with 50% probability: inner ellipse = that area with 5% probability. Centre of 
ellipses = point estimate of  both average costs and effects. 

Part 2 Chapter 4 
Figure 1 Kaplan-Meier curves of  the timing of  (first)  repeat revascularisation procedures 6 to 

12 months after  intervention for  the clinical and angiographic follow-up  groups. 

Part 3 Chapter 1 

Figure 1 Angiographic result before  and immediately after  implantation of  a Wallstent in a 
graft  supplying the left  anterior descending coronary artery. 

Figure 2 Survival and event-free  survival curves (Kaplan-Meier) of  patients who underwent 
stent implantation in a vein graft. 

Part 3 Chapter 2 

Figure 1 Shown is the principle of  quantitative angiographic analysis of  long lesions in 
5 mm segments before  and immediately after  stent deployment and at 6 
month follow-up. 

Figure 2 Shown is, for  5 mm segments, the relationship between diameter stenosis 
before  intervention and restenosis at 6 months for  different  grades of  initial 
lesion severity. 
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Figure 1 Cumulative frequency  curves for  minimal luminal diameter pre procedure, 
immediately post procedure, and at 6 month follow-up  angiography for  small and 
large vessels in the same patients. 

Figure 2 Maximal intimal hyperplasia (MIH) within the small vessel stent versus the large 
vessel stent for  86 patients with 6 month angiographic follow-up.  The MIH was 
significantly  less within the small vessel stent than in the large vessel stent 
(pO.OOl). 

Part 3 Chapter 4 
Figure 1 The Multilink™ stent consists of  stainless steel rings linked by bridges. The stent is 

shown crimped onto an unexpanded balloon in the upper panel and in the expanded 
state in the lower panel. 

Part 3 Chapter 6 

Figure 1 Cumulative frequency  curves for  minimal luminal diameter and diameter stenosis 
comparing symptomatic and asymptomatic patients with >50% stenosis at 6-month 
angiographic follow-up. 

Part 3 Chapter 7 
Figure 1 Graph illustrating the increase in use of  stents and decrease in number of  patients 

returning for  angioplasty to restenotic lesions over the study period. 
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Abstract 
Aim 
To study the in-hospital outcome of  all coronary angioplasty procedures performed  in a single 

centre over a one year period, with regard to angiographic success and the clinical complications 

of  death, myocardial infarction,  emergency coronary bypass surgery and abrupt coronary occlusion 

necessitating re-intervention. 

Methods 
One thousand one hundred and thirty-three lesions were treated in 970 procedures in 799 patients 

between October 1993 and October 1994. Clinical, procedural, angiographic and outcome data 

were entered into a dedicated computer data-base and variables tested with respect to outcome 

using the chi-square test and univariate and multivariate analysis techniques. 

Results 
Angioplasty was performed  for  stable angina in 473 (49%) patients, unstable angina in 410 (42%) 

and 80 procedures were emergency - primary myocardial infarction  in 44 (4.5%), shock in two, 

abrupt closure in 34 (3.5%) and other indications in seven patients. There were 10 (1.0%) deaths 

and 71 (7.3%) patients were documented to have suffered  a myocardial infarction  as a result of 

angioplasty. Nineteen (2.0%) patients underwent emergency coronary artery bypass surgery. 

Age >60 and a type C lesion were found  to be associated with angiographic failure.  The chance of 

a complication was increased if  the patient was aged >60 years, suffered  unstable angina, had an 

ejection fraction  <50%, was treated with a new device or suffered  a significant  dissection. 

Conclusion 
Despite refinement  in techniques and increased experience, coronary angioplasty retains a 

significant  associated chance of  angiographic failure.  The complication rate remains significant 

and there has been little reduction in mortality, infarction  and abrupt closure rates over the last 15 

years. The requirement for  emergency coronary artery bypass surgery appears to be diminishing 

with the introduction of  improved bail-out techniques, in particular intracoronary stenting. 
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Introduction 

Since the introduction of  percutaneous transluminal angioplasty (PTCA) by Gruentzig in 1977 (1) 

there has been an extraordinary growth of  this technique in the treatment of  patients with coronary 

disease. However, despite major improvements in equipment and operator experience, the 

procedural success rate remains around 90% and acute vessel closure with an associated increased 

risk of  death, emergency coronary artery surgery or myocardial infarction,  remains an important 

limitation, occurring in 2.0-8.3% of  patients (2-6). The apparent lack of  improvement in these 

figures  in recent years may be because of  the trend in performing  the procedure in higher risk 

patients who are older, have poorer left  ventricular (LV) function  and more complex and diffuse 

disease. The objective of  this study was to audit the in-hospital outcome of  PTCA procedures of  a 

contemporary practice over a 1 year period, to monitor the clinical and angiographic success, to 

identify  the predictors of  outcome and to compare complication rates to historical data. 
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Patients and methods 
Patient population 

Between October 1993 and October 1994, a total of  970 consecutive PTCA procedures were 

performed  in 799 patients at the Thoraxcenter in Rotterdam. Clinical information  was 

prospectively obtained from  the patients (symptoms, past cardiac history and coronary risk factors) 

and the case records (Table 1). 

Number 799 

Age (years) 60.1 (range 29-86) 

Males 71.8% 

Risk factors 

Hypertension 32.6% 

Diabetes 9.3% 

Smoking 37.4% 

Family history 43.7% 

Cholesterol 41.2% 

Vessel disease (No.) 

1 60.5% 

2 31.3% 

3 8.2% 

LV function 

Good 87.9% 

Moderate 10.6% 

Bad 1.3% 

Previous CABG 10.4% 

Previous MI 46.0% 

Previous interventions All sites 32.3% 

Same site 22.4% 

Table 1: PTCA patient characteristics 
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These data, procedural details from  the procedure log and pre- and post-intervention angiographic 

information  gathered by the first  author at the daily angiogram reporting session, were entered into 

a dedicated database, along with details of  major in-hospital cardiac events: death, myocardial 

infarction  (MI), emergency coronary artery surgery (CABG) and evidence of  acute coronary 

occlusion. A detailed list of  definitions  is presented in Table 2. 

Stable angina Graded Class I-IV according to the Canadian Cardiovascular Society functional 

classification  (8) 

Unstable angina Graded Class I-III according to the Braunwald classification  (9) 

Smoking History of  smoking in the year prior to intervention. 

Family history A cardiac event occurring in at least one first  degree relative aged less than 65 years. 

Hypercholesterolaemia An untreated serum cholesterol >6.5 mmol/L. 

Myocardial infarction Evolution of  new Q waves and/or elevation of  serum creatinine phosphokinase to 

twice the upper limit of 

Normal. 

Left  ventricular function Visually graded good, moderate or bad with respective ejection fractions  estimated at 

>50%, 30-50%, <30% 

Lesion type Classified  types A, B and C according to the criterion of  Ellis et al. (10) 

Functional occlusion Near total occlusion with penetration of  contrast material without perfusion-TIMl  1 

flow  (11) 

Anatomical occlusion No antegrade flow  beyond the point of  occlusion-TIMI 0 flow  (11) 

Dissection Angiographic evidence for  intimal damage graded A to F according to the criterion of 

Dorros et al. (12) 

Angiographic success Reduction of  the luminal narrowing to less than 50% without major complication. 

Major complication (1) Death before  hospital discharge, (2) non-fatal  myocardial infarction,  or (3) 

emergency surgery. 

Acute occlusion Clinical evidence for  myocardial ischaemia and a subsequent finding  of  a complete or 

critical reduction in 

Coronary blood flow  occurring after  removal of  the guiding catheter within the period 

ofhospitalisation. 

Emergency CABG Need for  urgent operation due to refractory  acute coronary artery occlusion. 

Table 2: Definitions 
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Angioplasty procedure 
Coronary angioplasty was performed  according to previously described methods (7) with minor 

variations according to the device employed. Patients are kept on pre-procedural medication 

including platelet inhibitors, beta-blockers, calcium channel blockers and nitrates. In addition, all 

patients received 10,000-15,000 IU of  heparin and 250 mg aspirin intravenously at the 

commencement of  the procedure. An additional 5000 IU of  heparin was given hourly whilst the 

procedure continued or if  the activated clotting time was <300 seconds. 

Intracoronary nitroglycerine was administered prior to the initial angiograms and repeated at the 

discretion of  the operator. If  the stability of  the immediate result was in doubt, following 

completion of  the procedure, a heparin infusion  was commenced to achieve an activated partial 

thromboplastin time of  2.0-2.5 times control for  12-24 hours. Unless contraindicated, all patients 

were prescribed nifedipine  60mg in the first  24 hours post procedure and continued on 100 mg 

aspirin daily. Patients were monitored on an intermediate care ward, where the arterial sheath was 

removed. Those patients requiring more intensive care were treated in the coronary care unit. On 

arrival, a 12 lead electrocardiogram (ECG) was performed  and repeated the following  day, 

together with a blood sample for  creatinine phosphokinase (CPK) release. 

Statistical methods 
The chi-square significance  test was used to assess differences  in categorical variables and 

unpaired Student's t-test was used to assess differences  in continuous variables. Univariate and 

multivariate analyses were performed  to determine clinical and angiographic predictors of  major 

complications as well as angiographic failure.  Variables tested were age, gender, clinical history 

(stable or unstable angina), presence or absence of  risk factors  (hypertension, smoking, diabetes, 

positive family  history and hypercholesterolaemia), previous myocardial infarction,  previous 

CABG, previous PTCA, multi-vessel disease, LV dysfunction,  lesion site, lesion type, dissection, 

concomitant investigations and PTCA technique employed. A p value of  < 0.05 was considered 

significant. 
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Results 
Baseline clinical and angiographic characteristics 

Over the study period of  1 year, 799 patients underwent 970 PTCA procedures of  1133 lesions. 

Their characteristics and management, including additional invasive investigations, are presented 

in Table 3. Eight hundred and ninety procedures were elective, comprising 473 (49%) for  stable 

angina pectoris, 410 (42%) for  unstable angina (19 Class I, 218 Class II, 173 Class III) and seven 

for  other indications (ventricular arrhythmias, dyspnoea and asymptomatic lesions prior to non-

cardiac surgery). Eighty procedures were emergency with 44 (4.5%) for  patients with an acute MI 

with a contraindication to, or failure  to, reperfuse  after  thrombolytic therapy. In two patients the 

primary indication was cardiogenic shock and in 34 (3.5%) patients a repeat PTCA was performed 

for  an acute occlusion. 

Number 1133 

Site LAD 511 (45%) 
Circumflex 269 (24%) 
RCA 319(28%) 
Bypass 34 (3%) 

Lesion type A 124(11%) Lesion type 
B 701 (62%) 
C 308 (27%) 

Occlusion Functional 234 (21%) 
Anatomical 188(17%) 

Intervention (primary) Balloon 963 (84.9%) 
Atherectomy 31 (2.7%) 
Stent 93 (8.2%) 
Rotablator 13 (1.1%) 
Laser 33 (2.9%) 

Additional investigations IVUS 88 (7.7%) 
Doppler 59 (5.2%) 
Angioscopy 29 (2.6%) 

Table 3: Characteristics and management of  all lesions 
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Angiographic success 
Of  the 1133 lesions treated 1019 (89.9%) were considered an angiographic success. In patients 

with more than one lesion, the procedure was considered successful  if  at least one lesion was 

successfully  treated. Thus the procedural success rate was 90.7 %. The incidence of  dissection 

detected angiographically is displayed in Table 4. 

Number of  lesions 1133 
Angiographic success 1019(89.9%) 
Dissection None 634 (56.0%) 

Type A 173 (15.0%) 
Type B 208 (18.0%) 

TypeC 87 (8.0%) 

Type D, E, F 31 (3.0%) 
Complications 

Number of  procedures 970 
Death 10(1.0%) 
Myocardial infarction* 71 (7.3%) 
Emergency CABG 19(2.0%) 
Acute occlusion 34 (3.5%) 

•Excludes patients with primary myocardial infarction. 

Table 4: Immediate outcome of  PTCA 

Procedural success rates were divided according to clinical indication and are shown in Table 5. 

The perhaps lower than expected success rate of  89.9% for  those with stable angina was related to 

the lower success in patients (n=33) referred  for  recanalisation of  a total occlusion by laser 

therapy. When these patients were excluded, the success rate was 91.2%. The angiographic 

success rate was 100 % in type A lesions, 95.5% in type B lesions and significantly  lower, at 

77.3%, in type C lesions (p<0.001). 
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Complications 
One hundred and forty-nine  patients experienced a major complication following  PTCA. These 

complications are described below and displayed in Table 5. 

Stable Unstable angina Ml/shock Acute occlusion p value 

n = 473 n = 410 n = 46 n = 34 

Angiographic success 421 (89.9%)* 381 (92.9%) 42 (91.3%) 30 (88.2%) NS 

Death 1 (0.2%) 4(1.0%) 4 (8.6%) 0 pO.OOl 

MI 20 (4.2%) 29 (7.1%) 39 (84.8%) 22 (64.7%) pO.OOl 

Emergency CABG 7(1.5%) 9 (2.2%) 0 3 (8.8%) p<0.05 

Acute occlusion 12 (2.5%) 18(4.4%) 4 (8.7%) NS 

* Includes patients referred  for  management of  total occlusion. 

Table 5: Results of  PTCA according to indication 

Death 
Ten patients (1.0%) died in hospital following  PTCA, six in or soon after  leaving the 

catheterisation laboratory. The indications for  PTCA in these 10 patients were myocardial 

infarction  (three patients), unstable angina (four  patients), stable angina, arrhythmia and 

cardiogenic shock. Four patients were women, five  had suffered  a previous MI, five  had multi-

vessel disease and two were known to have poor LV function  (two unknown). There were 

significantly  more deaths in patients with triple vessel disease (p<0.001) and poor LV function 

(pO.OOl). 

Myocardial infarction 
One hundred and ten patients suffered  a MI. In 39, an evolving MI was the indication for  PTCA 

(in five  further  patients early reperfiision  was achieved without evidence of  MI), and in 71 an MI 

was a complication of  the procedure. The myocardial infarction  rates for  patients with stable and 

unstable angina were 4.2% and 7.1% respectively. The occurrence of  a MI was significantly 

greater in patients with triple-vessel disease (p< 0.005) and poor LV function  (p<0.05) and was not 

influenced  by lesion type. 
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Emergency CABG 
Nineteen patients (2.0%) underwent emergency CABG immediately following  PTCA. There were 

no hospital deaths. This may reflect  our surgeons' policy of  not accepting a patient in the operating 

room until haemodynamically stable. Significantly  more patients underwent surgery following 

return to the catheterisation laboratory for  acute occlusion (8.8%) compared to those with stable 

and unstable angina whose CABG rates were 1.5% and 2.2% respectively (p<0.05).The need for 

emergency CABG was not influenced  by the number of  vessels diseased, LV function  or lesion 

type. 

Acute occlusion 
An acute occlusion, with chest pain and significant  ECG changes requiring reintroduction of  the 

guiding catheter, occurred in 34 patients (3.5% of  procedures). A re-PTCA was undertaken with an 

88.2% success rate. Three patients underwent emergency CABG and one was managed 

conservatively. Twenty-two patients (64.7%) suffered  a MI. There were no hospital deaths. No 

factors,  including lesion type, could be found  to be associated with the occurrence of  acute 

occlusion. 

Predictors of  outcome 
To assess the strength of  association between both the angiographic success and complication rate, 

and clinical and angiographic characteristics, 18 variables were tested by univariate analysis and 

entered into a stepwise multiple logistic regression model. Initial selection of  the variables for 

consideration was based on a combination of  clinical judgement and the strength of  the univariate 

association of  the characteristics with angiographic success rate and the complications of  death, 

MI, emergency CABG and acute vessel closure. The relative risks of  angiographic failure  and of  a 

complication calculated using univariate analyses are shown in Figure 1. By multivariate analysis, 

angiographic success was found  to be significantly  reduced by age >60 years and angioplasty of  a 

type C lesion, while the risk of  an adverse clinical outcome was increased by age >60 years, 

LV dysfunction  and evidence of  a significant  dissection (type B-F). 
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Angiographic failure 
Type C lesion 

Dissection B-F 
Age >60 

Previous CABG 

RCA lesion 

Previous intervention 

Clinical complication 

Poor LV function 

New device 

Unstable angina 

Age >60 

Dissection B-F 

Bypass lesion 

LAD Lesion 

Figure I: Univariate calculation of  the relative risk of  angiographic failure  and a major 
complication with 95% confidence  intervals. 
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Discussion 
Despite refinement  of  equipment, newer techniques and greater operator and team experience, 

coronary angioplasty remains associated with significant  mortality and morbidity rates. Patients 

who are referred  continue to be faced  with, and should be informed  of,  a chance of  death, 

myocardial infarction,  emergency CABG and the need for  urgent re-intervention for  abrupt 

closure, often  by an experienced team, but who may be exhausted after  hours on call. The gains in 

terms of  hospital event-free  survival appear small when the extraordinary growth of  PTCA in the 

management of  coronary artery disease is taken into account. A comparison of  complication rates 

taken from  studies spanning 15 years is shown in Table 6. The angiographic and clinical success 

rates have clearly risen and now a rate of  90%-95% can be expected (13-17), dependent on the 

patient population and the source of,  and reason for,  referral.  For example, in the present study the 

angiographic success rate in patients with stable angina was 89.9%, due to the inclusion of  those 

with an anatomical coronary artery occlusion. Academic or high work-load centres may also 

expect to receive referral  of  difficult  cases from  other PTCA centres thus possibly reducing their 

overall success rate. 

Study NHLBI(13-14) Kamp( 15) NHBLI (13,14) de Feyter(16) Present 
Year 1978-81 1980-85 1985-86 1986-88 1994 
Patient No. 1155 840 1802 1014 970 
Mean age (years) 53.5 55 57.7 57.8 60 
Females 25% 19% 24% 19% 28% 
Previous MI 21% 37% 37% 15% 46% 
Multi-vessel disease 25% 36% 53% 27% 40% 
Unstable angina 37% 40% 49% 40% 42% 
Ejection fraction  <30% 8% - 19% - 12% 
Angiographic success 67% 85% 88% 92% 91% 
Complications 
Death 1.2% 0.4% 1.0% 0.3% 1.0% 
MI 4.9% 6.2% 4.3% 2.4% 5.5% 
Emergency CABG 5.8% 9.6% 3.5% 2.3% 2.0% 
Acute occlusion 4.5% 0.3% 4.9% - 3.5% 
Table 6: PTCA patient characteristics and complication rates over a 15 year period 
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The in-hospital mortality rate has remained constant over the years, with factors  such as collateral 

blood supply, LV function,  number of  vessels diseased and age of  the patient playing an important 

role. Similarly the myocardial infarction  rate has varied little and remains at around 5.0% in 

elective PTCA cases. 

Despite continued research, angioplasty remains plagued by a significant  abrupt occlusion rate 

(13,15,17) and the associated high incidence of  myocardial infarction  (64.7% of  abrupt occlusions 

in our population). The mechanism appears to be multifactorial  and includes intimal dissection, 

elastic recoil, subintimal haemorrhage, vasoconstriction and thrombus formation(  18-20). 

In the era of  stenting, a suboptimal angiographic result should no longer be accepted and it is 

possible that novel antiplatelet and antithrombotic agents may assist in reducing the abrupt 

occlusion rate, particularly in patients with unstable syndromes and in high risk procedures (21). 

The Evaluation of  7E3 for  the Prevention of  Ischaemic Complications (EPIC) study investigated 

the efficacy  of  a chimeric monoclonal antibody Fab fragment  (c7E3 Fab) directed against the 

platelet glycoprotein receptor in high risk patients undergoing coronary angioplasty(22). A c7E3 

bolus and infusion  were found  to decrease the number of  primary endpoints (death, MI, 

revascularisation) by 35% when compared to placebo. However, the risk of  bleeding was 

increased. In unstable patients on a heparin infusion,  pre-treatment with hirudin has also been 

shown to be efficacious  (23). Although the final  place of  these agents in the management of 

coronary angioplasty has not yet been established, initial studies, particularly with respect to 

reducing the complications, are encouraging. 

A major contributing factor  to the unchanged complication rates has been the gradual change in 

the type of  patient referred  for  PTCA. Table 6 confirms  that there is a trend to perform  PTCA 

more often  in patients who are older, female,  have had a MI, have multi-vessel disease, poor LV 

function  and unstable angina (13-16). All of  these factors  have been associated with an increased 

risk of  complication following  angioplasty (4,5,13,24-26). Furthermore, lesions treated by PTCA 

have become angiographically more complex (14), with more procedures performed  in type B2 

and C lesions associated with a diminished success rates (10). Using univariate and multivariate 

analyses we identified  age >60 years and a type C lesion as indicators of  a reduced chance in 

angiographic success in our patient population. Reduced LV function,  age >60 years and a 
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significant  dissection were isolated as being associated with an increased chance of  an adverse 

outcome, in keeping with the findings  of  others (24,25). Tenaglia and colleagues (17) proposed a 

scoring system based on lesion morphological characteristics, in order to facilitate  risk 

stratification  for  both individual patients and populations; however, the size of  their study was too 

small to allow this to be accurately done. Knowledge of  these factors  should prompt the 

cardiologist to stratify  each patient, at least mentally, into broad risk categories, and in high risk 

cases take appropriate precautionary measures, such as pre-treatment with c7E3 or use of  an intra-

aortic balloon pump. 

The requirement for  emergency CABG has clearly diminished over the years, probably because of 

acquired knowledge with regard to the clinical outcome of  situations such as dissection and "bail-

out' stent implantation. Furthermore, the introduction and refinement  of  auto perfusion  balloons, 

and more recently the introduction to every day use of  intracoronary stenting, have reduced the 

emergency CABG rate, and will no doubt continue to do so. 

Conclusions 
The angiographic success and in-hospital complication rates of  970 consecutive PTCA procedures 

performed  over a 1 year period at the Thoraxcenter are reported. Up to 10% of  lesions cannot be 

successfully  treated despite newer techniques. Complication rates, namely death, myocardial 

infarction  and abrupt closure, remain significant  and appear to have changed little over the last 

decade. This appears to be related to a changing PTCA patient population with older patients with 

diminished LV function  and diffuse  coronary disease being increasingly referred.  The emergency 

CABG rate following  PTCA appears to be falling  and can be attributed to better bail-out 

techniques, in particular the implantation of  intracoronary stems. The argument against the need 

for  surgical standby for  PTCA procedures will thus no doubt become stronger. 

It is important to be aware of  clinical and angiographic factors  which are associated with a high 

risk procedure and to be prepared for  untoward events. We must continue to strive to improve the 

success, and reduce the complication, rate of  coronary angioplasty and may need to look to 

methods other than mechanical to achieve this goal. 
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Abstract 
Background 
Since the first  coronary angioplasty was performed  in 1977 the method has changed little and extending our 
knowledge of  the long-term outcome in terms of  survival and major cardiac events remains of  interest and a 
valuable guide in the treatment of  patients with coronary artery disease. 

Objectives 
This study reports the 10 year outcome of  856 consecutive patients who underwent attempted coronary 
angioplasty at the Thoraxcenter during the years 1980-85. 

Methods 
Details of  survival, cardiac events, symptoms and medication were retrospectively obtained from  the Dutch 
civil registry, medical records, by letter, telephone or from  their physician, and entered into a dedicated 
database. Patient survival curves were constructed and factors  influencing  survival and cardiac events were 
identified. 

Results 
The procedural clinical success rate was 82%. Follow-up information  was obtained in 837 patients (97.8%). 
Six hundred and forty-one  (77%) patients were alive and of  these 53% were symptom free  and 40% on no 
anti-anginal medication. The overall 5 and 10 year survivals were 90% (95% CI 87.6-92.4%) and 78% (95% 
CI 75.0-81.0%) respectively and respective freedom  from  significant  cardiac events - death, myocardial 
infarction,  coronary artery bypass surgery and repeat angioplasty - was 57% (95% CI 53.4-60.6%) and 36% 
(95% CI 32.4-39.6%). Factors which were found  to adversely influence  10 year survival were age > 60 
years, multivessel disease, impaired left  ventricular function,  and a history of  previous myocardial infarction. 
These factors  were also found  to be independent predictors of  death in the follow-up  period using a 
multivariate stepwise logistic regression analysis. Other factors  tested, with no influence  on survival, were 
gender and stability of  angina at the time of  intervention. 

Conclusions 
The long-term prognosis of  patients following  coronary angioplasty is good, particularly in those aged less 
than 60 years, with single vessel disease and normal left  ventricular function.  The majority of  patients are 
likely to experience a further  cardiac event in the 10 years after  their first  angioplasty procedure. 
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Introduction 

Since the introduction of  percutaneous transluminal coronary angioplasty (PTCA) into clinical 

practice by Andreas Gruentzig in 1977 (1,27), the efficacy  of  this technique in the treatment of 

coronary artery disease, both native and vein graft  vessels, has clearly become established (14,28-

30) with continuing growth such that the number of  PTCA's performed  per year equals that of 

coronary artery bypass operations (CABG). The immediate and medium-term outcomes are well 

described with the problems of  abrupt closure and restenosis continuing to elude attempts to reduce 

their frequency  (4,6,31,32). Knowledge of  the long-term outcome of  PTCA continues to 

accumulate as time passes (33). Recently Spencer King III reported the ten year follow-up  of 

Gruentzig's first  169 patients with an overall ten year survival of  89.5% (34). In this report we 

describe the 10 year survival and clinical events of  the first  856 patients treated by PTCA at the 

Thoraxcenter, Rotterdam in the years 1980-1985. 
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Methods 

Patients 

Between September 1980 and December 1985, PTCA was attempted in 856 consecutive patients at 

the Thoraxcenter, Rotterdam. Patient characteristics are displayed in Table 1. The indication for 

PTCA was stable angina in 451 patients, unstable angina in 323, acute myocardial infarction  in 76 

and other indications in 6. All patients were treated with a combination of  beta-blockers, calcium 

channel blockers, nitrates and in unstable cases intravenous heparin. 

Male 684 (79.9%) 
Mean age (years) 56.3 

Range 22-80 
Indication for  angioplasty 

Stable angina 451 (52.7%) 
Unstable angina 323 (37.7%) 
MI 76 (8.9%) 
Other 6 (0.7%) 

Previous MI 341/833 (41%) 
Previous CABG 78/856 (9.1%) 
No. of  vessels diseased 

78/856 (9.1%) 

1 517/817(63.3%) 
2 193/817(23.6%) 
3 96/817(11.8%). 
Mainstem 11/817(1.3%) 

EF <50% 106/629 (16.5%) 

Data presented are number (%) of  patients, unless otherwise indicated. 

Clinical characteristics of  856 patients who underwent coronary angioplasty during 
1980 to 1985 
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Angioplasty technique 

The angioplasty technique including periprocedural medication has been described in Part 1 Chapter 

1. The method of  PTCA changed in February 1983 when the nonsteerable catheter system 

originally described by Gruentzig (27) was replaced by steerable balloon systems (35). Procedural 

clinical success was defined  as a reduction in the luminal narrowing to less than 50% of  the 

reference  diameter, by visual assessment, with no major complications, namely, death, myocardial 

infarction,  CABG or re-PTCA, within 24 hours of  the procedure. Evidence of  MI immediately after 

the procedure was defined  by a new Q wave and/or elevation of  myocardial enzymes to more than 

twice the upper limit of  normal. 

Data collection and follow-up 

Procedural details including complications were recorded at the time of  the procedure and entered 

into a dedicated database. Procedure related events were included in all follow-up  analyses. In 1994 

all patients who survived hospital were initially checked against the civil registry to establish 

survival or death. This is a reliable and complete source of  mortality data in The Netherlands. 

Primary endpoints considered at follow-up  were death, nonfatal  MI, recurrent angina pectoris 

requiring CABG or repeat PTCA and event-free  survival. These data were retrospectively obtained 

from  the patient by letter or telephone, from  family  or from  the family  doctor. Where relevant this 

information  was checked against hospital records. 

Assessment of  late MI in the follow-up  period included a history of  prolonged chest pain 

necessitating hospital admission and documentation of  a myocardial infarction  by ECG or enzyme 

criterion. Information  on CABG and repeat PTCA was obtained from  the patient and hospital 

databases. Additionally, surviving patients were asked for  information  regarding symptoms of 

angina pectoris, graded according to the Canadian Cardiovascular Society classification  (8), any 

resultant limitation in activities and current medication. Follow-up data was obtained on all but 19 

(2.2%) patients, the majority of  whom had moved abroad. The median period of  follow-up  was 9.6 

years, ranging from  0 to 13.3 years. 
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Statistical methods 
Differences  between discrete variables were assessed with the chi-square test. Patient survival 

curves were constructed according to the method of  Kaplan and Meier (36). Non-parametric 

methods were used for  non-normally distributed variables. Univariate analyses and a multivariate 

analysis using a stepwise logistic regression model were performed  to test the influence  of  clinical 

factors  on long-term survival. A p value of  less than or equal to 0.05 was considered significant. 

Results 
In the years 1980-1985, 969 consecutive PTCA's were performed  on 856 patients. The 

angiographic success rate was 82%. Long-term follow-up  information  was obtained on 837 
(97.8%) patients. 
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Survival and symptoms 
Six-hundred and forty-one  patients were alive (77%) and 196 deceased 8-14 years after  their initial 

PTCA. One hundred and forty  three had experienced a MI and 220 (25.7%) had undergone 

coronary artery bypass surgery, 62 (7.2%) as an emergency procedure immediately after  PTCA. 

Two hundred and twenty one patients underwent further  PTCA in the follow-up  period, 81 (9.5%) 

within 6 months of  the initial procedure. Patient survival and event-free  survival curves were 

calculated using ranked clinical events and are displayed in Figure 1. The overall 5 and 10 year 

patient survivals were 90% and 78% respectively and the 10 year survival with freedom  from  death, 

MI, CABG and re-PTCA was 36% (5 year freedom  from  cardiac events 57%). Considering the 

learning curve, the survival curves were recalculated comparing the first  226 patients who 

underwent PTCA with the nonsteerable balloon, prior to March 1983, to the 630 subsequent 

patients. The 5 and 10 year survivals were identical as was the 10 year freedom  from  events. 

662 584 495 198 
563 482 387 159 

Figure 1: Ten year cumulative survival and event-free  survival rates in 856 patients who 
underwent PTCA in the years 1980-85. Numbers are patients at risk 2.5, 5, 7.5 and 
10 years after  PTCA and vertical lines indicate one standard error. 
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Details of  symptomatic status and cardiac medication were obtained in 630 of  the 640 survivors 

(98%). Angina class, the degree of  limitation in 293 of  296 patients with angina and the number of 

different  antianginal medications from  the classes nitrate, beta blocker and calcium channel blocker, 

are displayed in Table 2. Fifty  three percent of  survivors were symptom free  and 40% on no anti-

anginal medication. 

CCS angina class 
0 334 (53%) 
1 65 (10%) 
II 134(21%) 
III 97(15%) 
IV 0 

Limitation of  activities (symptomatic patients) 
None 46(16%) 
Mild 198 (68%) 
Severe 47(16%) 

Antianginal medication 
None or aspirin 254 (40%) 
Single therapy* 197 (31 %) 
Double therapy 125 (20%) 
Triple therapy 53 (8%) 

*Nitrate, beta-blocker or calcium channel blocker. Data presented are number (%)of  patients. 

Table 2: Symptomatic status and antianginal medication in 630 surviving patients 
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Factors influencing  cardiac events 
The clinical parameters age, gender, stability of  angina, previous MI, multivessel disease and 

impaired left  ventricular (LV) function  at the time of  the index angioplasty were tested to see 

whether they influenced  long-term outcome. 

Age 
When patients were divided into 3 age groups <50 (n=201), 50-59 (n=342) and > 60 (n=313), a 

clear survival advantage was found  in the two younger groups from  5 years after  the procedure 

(Figure 2). 

at risk 196 191 184 106 years 
333 320 303 131 
267 263 237 106 

Figure 2: Cumulative survival for  patients who underwent PTCA divided into those aged <50, 
50-59 and > 60 years at the time of  intervention. Numbers and lines as in Figure 1. 
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Gender 
Survival and event-free  survival were tested for  the 684 men and 172 women. Women were 

significantly  older than men at the time of  initial angioplasty with a mean age of  60.0 compared to 

55.3 years in men (p<0.001). Additionally women had suffered  fewer  Mi's than men prior to 

intervention, 34.6% and 43.6% respectively. There were no significant  differences  in the other 

clinical parameters. There was no difference  in death or event rates in the period of  follow-up 

(Figure 3). Surviving women did however have significantly  more symptoms - 41% angina free 

compared to 56% of  men (p<0.05) and took significantly  more antianginal medication with 70% on 

at least one antianginal agent compared to 57% of  men. 

10%-

I 
0% '' 1 1 1 1 1 1 1 1 T 1 1 1 

0 1 2 3 4 5 6 7 8 0 10 11 12 
al risk 166 157 147 61 years 

648 616 576 283 
113 97 79 32 
451 386 309 128 

Figure 3: Cumulative survival and event-free  survival rates for  patients who underwent PTCA 
1980-85 divided according to gender. Numbers and lines as in Figure 1. 
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Stability of  angina 
Four hundred and fifty-one  patients underwent PTCA for  stable angina, 323 for  unstable angina and 

76 for  an acute MI. When survival curves were calculated for  patients with stable and unstable 

angina and compared, there were no differences  in survival and cardiac events in the long-term 

(Figure 4). The 2 groups were similar with respect to other clinical parameters. There were also no 

differences  in symptoms and the amount of  antianginal therapy between the survivors of  the 2 

groups at the time of  follow-up. 

90S 294 299 136 
294 290 215 91 
212 190 136 99 

Figure 4: Cumulative survival and event-free  survival rates for  patients divided according to 
stability of  angina (stable, unstable) at the time of  initial PTCA. Numbers and lines 
as in Figure 1. 
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Previous myocardial infarction 
Three hundred and thirty four  patients of  749 in whom details were documented, had suffered  a 

previous myocardial infarction  (117 patients no record). A significant  survival benefit  for  those 

without a previous MI was detectable only 9 years after  the index PTCA (Figure 5). 

prevMI 318 301 275 132 
317 273 223 93 

prevMI 235 199 155 62 

Figure 5: Cumulative survival and event-free  survival for  patients who underwent PTCA in the 
study period separated according to a positive or negative history of  a previous 
myocardial infarction.  Numbers and lines as in Figure 1. 
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Multivessel disease 
Predominantly single lesion PTCA was performed  in 503 patients with single vessel disease, 185 

with 2 vessel disease, 93 with 3 vessel disease and 11 with main stem disease (64 not recorded). 

When divided into 2 groups, those with single vessel disease and those with multivessel and 

mainstem disease, and survival curves constructed, a clear survival advantage was detectable for 

those with one diseased artery from  1 year following  the intervention with 82% alive at 10 years 

compared to 69% of  those with multivessel disease (Figure 6). 

ioo%-
90%-
90%-
70%-

* 60%-
3 • 50%-
o a» 
a 

40%-
30%-
20%-
io%-
0% 

DEATH 

DEATtVMI 

CABG/REPTCA 

It  k i i 4 ; A 4 Vo 
504 483 457 212 
271 253 230 101 
372 329 273 110 
160 134 100 38 

11 ~12 

Figure 6: Cumulative survival and event-free  survival rates for  all patients divided according 
to the presence of  single (1 VD) or multivessel disease (>1 VD). Numbers and lines 
as in Figure 1. 
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Left  ventricular function 
In 629 patients the left  ventricular ejection fraction  (EF) had been calculated. The mean EF was 

59+/-11% (range 19-86%). In 525 patients the EF was > 50% and in 104 <50%. Survival and 

event-free  survival curves were constructed for  these 2 groups (Figure 7). There was a clear 

survival advantage for  those with an EF >50% with 80% remaining alive 10 years after  PTCA 

compared to 57% of  those with an EF <50%. The event-free  survival however was similar with less 

myocardial infarction,  CABG and re-PTCA occurring in the follow-up  period in the impaired LV 

function  group. The 5 and 10 year cumulative survival figures  for  the various subgroups tested are 

shown in Table 3. 

90 83 73 32 
342 294 233 93 

71 58 45 21 

Figure 7: Cumulative survival and event-free  survival rates for  the 629 patients in whom 
ejection fraction  (EF) was calculated, divided into those with an EF <50% and EF > 
50%. Numbers and lines as in Figure 1 
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Survival rate 
5 year 95% CI 10 year 95% CI P value 

Overall 90% 87.6-92.4% 78% 75.0-81.0% 

Age 
<50 yr 95% 91.8-98.2% 88% 83.4-92.6% 
50-59 yr 93% 90.2-95.8% 82% 77.6-86.4% 
>60 yr 84% 79.6-88.2% 67% 61.4-72.6% <0.0005 

Male 90% 87.4-92.6% 78% 74.6-81.4% 
Female 91% 86.6-95.4% 79% 72.6-85.4% 0.97 

No previous MI 92% 89.4-94.6% 83% 79.4-86.6% 
Previous MI 88% 84.4-91.6% 72% 67.0-77.0% <0.005 

Stable angina 92% 89.2-94.8% 80% 76.0-84.0% 
Unstable angina 91% 87.8-94.2% 76% 71.0-81.0% 0.22 

Single-vessel disease 93% 90.6-95.4% 82% 78.4-85.6% 
Multivessel disease 84% 79.8-88.2% 69% 63.2-74.8% <0.005 

EF > 50% 91% 88.4-93.6% 80% 76.2-83.8% 
EF <50% 79% 71.0-87.0% 57% 47.4-66.6% <0.0005 

Procedural success 91% 88.8-93.2% 77% 73.6-80.4% 
Procedural failure 87% 82.0-92.0% 80% 73.4-86.6% 0.65 

Table 3: Factors influencing  5- and 10- year survival. 
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Univariate analyses were used to test the influence  of  the above 6 clinical factors  on long-term 

survival. The odds ratio (OR) for  these variables with 95% confidence  intervals are displayed in 

Figure 8. A multivariate analysis was able to be performed  on 563 patients in whom data was 

complete. Age > 60 (OR 2.45, 95% CI 1.62-3.71), ejection fraction  < 50% (OR 2.25, 95% CI 

1.34-3.78), multivessel disease (OR 1.69, 95% CI 1.11-2.57) and a history of  previous MI (OR 

1.67, 95% CI 1.07-2.59) were found  to be independent predictors of  a diminished long-term 

survival. 

Ejection fraction < 50% 

Age j GO years 

Multi v< I di 

Previous M l 

Unstable angina 0.88. 

Mai O 68. 

1.91 

2.08 

1.45- 2 . 0 3 

1.41- 1 . 9 7 

1 . 2 4 
1.7 S 

1.01 
75 

2 9 6 

2 88 

.2.83 

2.76 

4.69 

.3.99 

Figure 8: Univariate calculation of  the odds ratio for  death in the follow-up  period with 95% 
confidence  intervals for  the clinical factors  listed. 
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Discussion 

In patient management an inevitable question is "what is the prognosis?". The answer to this 

question can only be given in the light of  temporal information  gained from  similar groups of 

patients treated by similar means in the past. This also holds true for  the management of  coronary 

artery disease by PTCA. Regardless of  an evolving change in patient characteristics, procedural 

indications, technique and expertise, knowledge of  the long-term outcome of  early PTCA practice 

remains an important source of  information  and guidance for  contemporary cardiologists and 

patients. 

In this study we examined the late clinical outcome of  the first  856 patients who underwent 

attempted PTCA in a single centre in the years 1980-1985. Our patient population included 76 

patients who underwent PTCA for  an evolving acute MI and 18% in whom the procedure was an 

angiographic failure,  thus an intention to treat analysis. Our finding  of  an overall 5 year survival of 

90%, although favourable,  appears to be lower than previously reported (Table 4). It is recognised 

that the prognosis of  patients with single vessel disease and good ventricular function  is excellent 

even when managed conservatively (40). When comparing our patient population with other studies 

we note our patients are older and are more likely to have multivessel disease, both factors 

associated with a decreased likelihood of  event-free  survival (38,39,41). We suggest that the 

baseline characteristics of  our patients more closely resemble those of  current PTCA practice. 
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Study (ref  no), 
Year 

No. of 
Pts 

Mean 
Age 
(yr) 

Pts 
with 

MVD 
(%) 

Angio. 
Successfu 
1 PTCA 

(%) 

5 Year 
survival 

(%) 

10 
Year 

surviv 
al (%) 

Comment 

Weintraub et al. 
(37), 1994 

10,785 58.3 29 90 94 
-

1980-1991: infarction 
excluded; intention to 

treat 
Henderson et al. 
(38), 1992 

899 54.9 50 81.6 89.2 
-

All PTCA's; intention 
to treat; 

Kadel et al. (39), 
1992 

798 52.8 0 81.2 96 
-

Single vessel disease; 
single centre; total 

occlusions excluded 
Talley et al. 
(33), 1988 

427 53.6 14 84 96.3 
-

All PTCA's; single 
centre; intention to 

treat 
King and 
Schlumpf  (34), 
1993 

169 49.5 42 78.6 
-

89.5 All PTCA's; single 
centre; intention to 

treat 
Present study 856 56.3 36.5 82 90 78 All PTCA's; single 

centre; intention to 
treat 

Pts = patients; ref  = reference;  - = not available. 

Table 4: Long-term outcome after  percutaneous transluminal coronary angioplasty 

The 10 year survival of  our cohort of  patients was 78% and to our knowledge, the only reported 

data for  comparison is from  Gruentzig's first  169 patients in whom the 10 year survival was 89.5% 

(34). His patients were a highly selected group with treatment of  proximal, discrete, predominantly 

left  anterior descending artery lesions (73%), given the limitations of  the equipment available at the 

time. Additionally his patients were younger with a mean age of  49.8 years compared to 56.3 years 

in our study. In our study 543 patients were aged <60 and their 10 year survival was 85%. 
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Factors influencing  survival 
We tested the clinical factors  age, gender, previous MI, stability of  angina, multivessel disease and 

LV function  to assess whether they influenced  long-term survival. Although PTCA has been shown 

to be a safe  and effective  treatment of  coronary artery disease in the elderly (44), our data, in 

agreement with others, shows a significantly  reduced long-term survival in patients aged 60 years 

and over at the time of  the first  PTCA (45). This may be explained by more extensive coronary 

artery disease in this group of  patients with possibly less complete revascularisation. Additionally it 

is possible more deaths resulted from  other disease processes more likely to manifest  with 

advancing years as our mortality data included deaths from  all causes. 

The finding  that men and women have a similar outcome following  PTCA in the intermediate term 

(37,46) has been extended to the long-term by our study. Ten year survival was 78% for  men and 

79% for  women and event-free  survival was identical at 36%. One must however recognise several 

important differences  in demographic, clinical and angiographic characteristics between these two 

groups. In our study women were significantly  older than men at the time of  PTCA, a factor  found 

to be associated with a less favourable  outcome. One could then argue that had these two groups 

been matched for  age, women may have had a more favourable  outcome than men. This argument 

is confounded  by the development of  coronary artery disease at a later age in women than men 

related to the protective effect  of  oestrogen. Other important factors  not assessed in our study are 

the increased likelihood of  an adverse risk factor  profile  (37) and smaller coronary vessels, making 

PTCA technically more difficult  in women. Our finding  of  significantly  more angina in surviving 

women than in men (59% vs 44%) is consistent with the findings  of  Kelsey et al (46) who reported 

angina in 30% of  women and 19% of  men 4 years after  PTCA. 
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The detrimental influence  of  a previous MI and related LV impairment on survival has again been 

demonstrated in this study. It is however interesting to note that those with impaired LV function 

suffered  less MI and underwent less CABG and re-PTCA in the follow-up  period giving 5 and 10 

year event free  survival rates almost identical to those with normal LV function.  This finding  may 

be contributed to by the tendency to manage this higher risk group who often  have fewer  anginal 

symptoms, conservatively and that a MI is more likely to result in death in these patients with an 

already compromised myocardium. The negative influence  of  multivessel disease has been discussed 

above. 

The long-term outcome of  patients divided into those with stable and unstable angina syndromes at 

the time of  the initial PTCA also revealed no significant  differences  with 5 and 10 year survivals of 

92% and 91%, and 80% and 76% respectively. This data supports and extends information 

reported for  the intermediate term with similar survival in both groups of  patients at 95-96% two 

and three years after  PTCA (37,47). Although direct comparison with PTCA is not possible 

without a randomised study, it is of  interest to comment on the results of  management of  unstable 

angina by other methods. Luchi et al randomised patients with unstable angina to medical or 

surgical therapy. The overall two year survival was 93% and similar for  both treatment groups 

although those with impaired LV function  appeared to benefit  from  surgery (48). In a large 

observational study the 10 year survival after  CABG for  unstable angina was found  to be 83% (49). 
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Comparison with other treatment modalities 

The 15 year outcome of  patients initially treated by medication or surgery in the CASS study has 

recently been published (50). In both treatments the 15 year survival rates were similar at around 

50%. The 10 year survival data in the same study were 65% and 72% for  those initially assigned to 

medical and surgical therapy respectively. It is important to note that between 10 and 15 years there 

is a 22% mortality in the surgical group compared to 15% in the medical group, consistent with 

advancing vein graft  disease (50). Although this population of  patients cannot be directly compared 

to our study patients, our 10 year survival figure  of  78% appears favourable. 

The long-term benefit  of  PTCA compared to CABG remains unknown. The intermediate results of 

randomised trials of  patients with multivessel disease have recently been reported. In the 

Randomised Intervention Treatment of  Angina trial (RITA) 1011 patients with unstable or severe 

were randomised to PTCA or CABG. The 2.5 year interim analysis showed no differences  between 

these two treatment modalities in the principal endpoint of  death or myocardial infarction. 

However, the prevalence of  anginal symptoms was higher in the PTCA patients of  whom almost 

four  times as many required repeat angiography or intervention compared with the CABG patients 

(51). These findings  have been confirmed  by the EAST (Emory Angioplasty versus Surgery Trial) 

and GABI (German Angioplasty Bypass surgery Investigation) studies (52,53). In both studies 

PTCA patients required significantly  more revascularisation procedures in the follow-up  period 

(EAST - 3 years, GABI - 1 year) with an increased need for  anginal therapy compared to CABG 

patients. 

Continued long-term follow-up  of  these groups of  patients is essential in order to establish whether 

those assigned to PTCA obtain a survival benefit  once vein graft  disease becomes advanced as is 

suggested by the CASS registry data, thus perhaps justifying  the frequent  need for  early 

reintervention in those in whom PTCA was chosen. 
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Conclusions 

Long-term survival in our first  856 patients who underwent attempted PTCA in the years 1980-85 

is good particularly in those patients aged <60 at the time of  intervention and those with single 

vessel disease and normal LV function.  The long-term outcome in terms of  survival and freedom 

from  cardiac events was similar in men and women and those with stable and unstable angina. The 

majority of  patients experienced a further  cardiac event likely contributed to by procedural failure 

and restenosis in the early follow-up  period and incompleteness of  revascularisation and progression 

of  atherosclerosis later. Although significant  advances have occurred, particularly in improving the 

immediate success of  PTCA and in the complexity of  lesions treated, making comparison with 

current practice difficult,  knowledge of  long-term outcome remains essential in planning treatment 

strategies. 
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Part  2 - Stenting  - Introduction  of  Stents  Into  Clinical  Practice 

Chapter  1 

Intracoronary Stenting: From Concept to Custom 
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Introduction 

When Charles Stent, a 19th century English dentist, developed a mould to form  an impression of 

the teeth and oral cavity, he would never have imagined that his name would become synonymous 

with the management of  obstructive vascular disease, in particular coronary artery disease (54). The 

term 'stent' became associated with a device that held a skin graft  in position, a support for  tubular 

structures that were being anastomosed and, more recently, an endovascular scaffolding  to relieve 

and prevent vascular obstructions. 

The management of  coronary atherosclerosis has shifted  from  'masterly inactivity' to medical 

therapy, coronary bypass surgery and, more recently, to percutaneous techniques introduced by 

Gruentzig in 1977 (27). Intracoronary stenting with continuing refinements  appears poised to 

become the mainstay of  the mechanical treatment of  obstructive coronary disease. 
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Preclinical evaluation 

In his 1912 Nobel lecture, laureate Alexis Carrel described, amongst others, experiments with glass 

and metal tubes covered with paraffin  which were introduced into canine thoracic aortae. 

Coagulation did not occur provided the aortic wall was not ulcerated, with one animal surviving for 

90 days with a glass tube. He concluded that the presence of  foreign  bodies within vessels did not 

necessarily produce thrombus. 

The concept of  using an implantable prosthetic device to maintain the luminal integrity of  diseased 

vessels was re-introduced by Charles Dotter in 1964, when he suggested that the temporary use of 

a silastic endovascular splint could maintain an adequate lumen following  creation of  a pathway in a 

previously occluded vessel (55). In 1969 he reported the results of  the nonsurgical endarterial 

placement of  spiral springs, mounted coaxially on a guidewire and positioned with a pusher catheter 

in the femoral  and popliteal arteries of  healthy dogs (56). Although these early stents were able to 

be positioned satisfactorily,  secondary dislocations occurred as only small devices were able to be 

used, and significant  narrowing within the stents occurred. These findings  appeared to suppress any 

optimism that such a device may have a role to play in atherosclerotic vascular disease, until the 

early 1980s when Dotter presented the work of  further  canine experiments with a modified  stent 

(57). He placed coils made of  the 'memory metal' nitinol in peripheral vessels and injected heated 

saline solution through the catheter, allowing the coil to enlarge to its predetermined form  with a 

luminal diameter approximately equal to that of  the adjacent blood vessel. He suggested that this 

device might not only be of  potential therapeutic use in arteries and veins, but also in the cerebral 

aqueduct, bladder neck, biliary system and tracheobronchial tree. Initial experiments with this stent 

in non-heparinised dogs proved promising, with no episodes of  subacute thrombosis, and vessel 

patency was maintained at four  weeks (58). 
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The potential for  the use of  such a device in the non-surgical treatment of  vascular disease had 

become evident and experimentation with a variety of  innovative devices had commenced. Maass 

and co-workers reported the results of  implantation of  spiral springs in the aortae and vena cavae of 

dogs and calves. On applying torque, the springs decreased in diameter allowing distal delivery and, 

on release of  the torque, expanded to their predetermined dimensions (59). Although the spirals 

remained stable and did not produce stenosis, thrombosis or perforation,  target lumen access 

remained a limitation. An expanding zigzag shaped stainless steel stent was developed by Wright 

and co-workers and the results of  initial studies in dogs were reported. It was appreciated that the 

diameter of  the fully  expanded stent had to be larger than the recipient vessel to prevent migration 

(60). The above devices were all reliant on the inherent recoil properties of  the metal used which, 

on release or positioning, returned to a predetermined diameter, desirably a little greater than the 

vessel proximal and distal to the treated segment (Figure 1). 
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Figure 1: Four early endovascular stents. The upper left  panel shows Dotter's early nitinol coil 

wire stent compacted for  placement and following  heat-induced expansion to its 
predetermined dimensions (57). The zigzag expanding stainless steel stent described by 
Wright is shown in the upper right panel in both its sheathed and unsheathed form  (60). 
The lower left  panel shows the stents developed by Maass (59). In the lower right panel 
is shown the balloon expandable stainless steel Palmaz stent (61). 
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The concept of  a stent mounted on a balloon was introduced by Palmaz. In 1985 he described the 

initial results of  implantation of  a woven stainless steel graft  mounted on angioplasty balloon 

catheters and placed in the aortae and peripheral arteries of  dogs by balloon expansion (61) (Figure 

2). The following  year Palmaz published the data of  an extended group of  18 balloon expandable 

stent implantations and provided a unique and accurate insight into the problems which would 

torment stent implantation for  the subsequent decade (62). Stents were placed in the iliac, femoral, 

renal, mesenteric and carotid arteries of  normal dogs via arteriotomies. Procedural heparinisation 

was used only in the last nine cases without long-term anticoagulation or antiplatelet therapy. Four 

thrombotic occlusions occurred, all in non-heparinised animals, and thus motivated the use of 

heparin in the latter experiments. Palmaz recognised that 'heparin does not prevent occlusion of 

grafts  with low flow  and the best results were obtained in those without flow  restriction' (62), a 

canon of  contemporary stenting. Additionally, the overall stent patency at 35 weeks was 77%, 

giving a 'restenosis' rate of  23%, a prelude to the findings  of  more recent studies. 
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Figure 2: Seven coronary stents, from  left  to right: Wallstent, Palmaz-Schatz stent, Wiktor stent, 
Gianturco-Roubin stent, Cordis stent, AVE stent and ACS stent. 
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With refinement  and miniaturisation of  equipment, smaller and more distal vessels were able to be 

accessed, and stents began to be implanted in the coronary system. Rousseau and co-workers 

developed and tested a flexible,  self-expanding  stainless steel mesh tube, restrained by a sheath. 

Forty-seven devices were implanted in 28 dogs, 21 in coronary arteries, without the use of 

anticoagulation or antiplatelet agents. Partial or total thrombosis was seen in eight animals (35%) 

which was partly attributed to the earliest of  several models of  prostheses used during the study. 

Thrombosis was recognised to occur at points of  rapid reduction of  vessel diameter, when the end 

of  the prosthesis was engaged in a side branch of  a major vessel and when there was a high ratio of 

unconstrained to implant device diameter (63). It was found  that the process of  endothelialisation, 

incorporation of  the stent into the vessel wall by neo-initialisation, had occurred by the third week 

after  implantation, consistent with the findings  of  others (60,61). These results, particularly in the 

second part of  the series which predominantly involved implantation in coronary arteries, primed 

this group of  investigators for  the beginnings of  stent implantation in human atherosclerotic vessels. 

Interest in stent implantation in human coronary arteries intensified  following  reports of  successful 

implantation of  balloon expandable stents in canine coronary arteries. Schatz reported the results of 

percutaneous implantation of  20 Palmaz-type stents (64), and Roubin described implantation, in 39 

animals, of  a new interdigitating flexible  coil stent mounted on a balloon (65). With the appearance 

of  these reports in this journal in 1987, the divorce of  coronary stenting from  vascular radiology had 

occurred. 
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Clinical development 

With the hope that the two problems that continued to trouble coronary balloon angioplasty, 

namely acute occlusion and restenosis, could be alleviated or at least attenuated, Jacques Puel in 

Toulouse and, shortly after,  Ulrich Sigwart in Lausanne implanted the first  stents in human 

coronary arteries in the spring of  1986. The results of  implantation of  24 self-expanding  mesh stents 

(Medinvent, Lausanne) in 19 patients (17 restenosis, 4 acute closure, 3 venous bypass grafts)  were 

subsequently reported (66). Three complications related to stent thrombosis occurred (15.7%). No 

cases of  restenosis were observed within the stented segment nine weeks to nine months after 

implantation. By early 1988, 117 Wallstents, as these self-expanding  stents became known, had 

been implanted in the native coronary arteries (94 stents) or saphenous bypass grafts  (23 stents) of 

105 patients. The results were daunting, with complete stent occlusion of  27 stents occurring in 25 

patients, resulting in controversy and a diversity of  anticoagulation regimes. However, with the 

expectation that a solution to the problem of  thrombotic occlusion would be found,  optimism in the 

future  clinical utility of  the technique remained, as the rate of  restenosis in those stents that were 

patent at follow-up  was 14% (67). 

The early clinical implantation of  coronary stents remained largely limited to situations of  acute and 

threatened closure after  balloon angioplasty, with a diminishing proportion of  patients proceeding 

to semi-elective coronary bypass surgery. Gary Roubin and co-workers reported the results of 

Gianturco-Roubin stent implantation in 115 patients with acute or threatened closure in 119 vessels 

in the years 1987-1989. Stenting produced an optimal result in 93% of  cases. Given the emergent 

nature of  the procedure, the number of  complications was acceptably low, with a hospital mortality 

rate of  1.7%, a bypass surgery rate of  4.2%, an overall myocardial infarction  rate of  16%, and a 

subacute stent thrombosis rate of  7.6% (68). Although it appeared that the stent had come to the 

rescue in the acute closure situation, a restenosis rate of  41% was observed in those patients (76%) 

who had undergone restudy at the time of  writing, indicating that the long-term solution had yet to 

be found. 
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Over the same period (1987-1989), Schatz maintained a multicentre registry of  elective Palmaz-

Schatz stent implantation in native coronary arteries. Delivery of  the device was successful  in 213 

(94%) of  226 attempted lesions (69). Early optimism that this stent was less thrombogenic than 

others (70), and thus required little if  any anticoagulation, was quashed when a subacute closure 

rate of  16% was observed in the first  group of  39 patients who received only aspirin and 

dipyridamole following  the procedure. In addition the second group of  174 patients received 

warfarin  for  1-3 months, with a dramatic reduction in subacute thrombotic stent occlusion to 0.6% 

(69). One must question whether patients were even more carefully  selected following  the 

discouraging findings  in the first  group of  patients. Nevertheless the notion that the complication 

rates, and perhaps even the long-term results of  elective stenting, were significantly  less than 

following  the bail-out situation, where the artery had undergone multiple and often  prolonged 

dilatations, was beginning to be entertained. 

The role of  stenting a restenotic lesion following  a previous balloon angioplasty was also being 

explored. The Wiktor stent, a single interdigitating tantalum wire, was implanted in 50 consecutive 

patients with restenoses as part of  a European registry. The implantation success rate was 98%. 

Acute or subacute occlusion occurred in 5 patients (10%) and restenosis according to the >50% 

diameter criterion was observed in 13 patients (29%) 5.6 months after  stent implantation (71). 

A number of  fundamental  questions were raised by the findings  of  these and other studies. Were the 

variable results from  the growing number of  stent registries related to the clinical situation (elective 

versus bail-out stenting), the inherent properties of  the device, the deployment strategy or the 

anticoagulation regime? The characteristics the ideal stent should possess had become clear (Table 

1). The feeling  of  excitement surrounding the use of  stents in obstructive coronary disease, despite 

the hurdles, prompted Spencer King III to ask a number of  searching questions (72). Was there a 

problem for  which stenting could provide a solution? Was the proposed stenting strategy 

efficacious?  Was stent implantation safe?  Could stents be made sufficiently  foolproof  for 

widespread clinical use? It was clear that countless questions remained and that thousands of 

patients had to be carefully  studied before  the clinical domain of  intracoronary stenting could be 

clearly defined. 
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Flexibility 

Trackability 

Low profile 

Visibility 

Thromboresistance 

Biocompatibility 

Reliable expansion 

Table 1: Desirable stent characteristics 

Randomised trials 

Two landmark randomised trials have been performed  and reported (73,74), perhaps once and for 

all determining the fate  of  coronary stent implantation. The European based Benestent and the 

North American-based STRESS studies both commenced patient recruitment in 1991. In both 

studies patients were randomised to receive conventional balloon angioplasty or Palmaz-Schatz 

stent implantation in a primary lesion of  a native coronary artery with a diameter stenosis of  50% 

and 70% in the Benestent and STRESS studies respectively. The target lesion was required to be 

less than 15 mm long and the reference  diameter 3 mm or greater. The presence of  thrombus, ostial 

stenosis, a lesion spanning a major bifurcation,  difluse  disease, severe tortuosity and abnormally 

functioning  myocardium subtended by the lesion, along with intolerance of  anticoagulants and 

ineligibility for  coronary bypass surgery, were exclusion criteria. Five hundred and sixteen patients 

(257 balloon and 259 stent), all of  whom had stable angina, were recruited in Benestent and 407 

patients (202 balloon and 205 stent), of  whom 47% had unstable angina, were randomised in the 

STRESS study. The incidence of  restenosis according to the 50% diameter stenosis criterion and a 

per protocol basis was significantly  lower after  stent implantation (Benestent 22%, STRESS 32%) 

than after  balloon dilatation (Benestent 32%, STRESS 42%), and was associated with a more 

favourable  long-term clinical outcome in patients who received a stent. The seven month event-free 

survival was 79.9% and 70.4% following  stenting and balloon dilatation respectively in Benestent 

(p<0.05), and 80.5% and 76% post-stent and balloon respectively in the STRESS study (NS). 
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This was largely due to a reduced need for  reintervention in the stented group. The one year follow-

up of  the Benestent patients has subsequently been published and shows a continued benefit  for 

stented patients with a one year event-free  survival of  76.8% compared with 68.5% in the balloon 

angioplasty patients. Of  the 12 additional events that occurred between seven and 12 months (8 in 

the stent group and 4 in the balloon group), 8 involved a revascularisation procedure (75). 

The STRESS investigators also reported a superior procedural success rate in the stent group (stent 

96.1%, balloon 89.6%). There was no significant  difference  in acute closure or stent thrombosis 

between the two treatment groups in both studies. These encouraging results were at the cost of 

significantly  increased bleeding and vascular complications and a longer hospital stay in those 

patients who received a Palmaz-Schatz stent. The clinical results of  both trials are displayed in 

Table 2. In addition to these two multicentre trials, enrolment in the Spanish START (Stent Versus 

Angioplasty Restenosis Trial) trial continues. A total of  564 patients with stable angina pectoris and 

a de novo native coronary artery lesion will be randomly allocated to balloon angioplasty alone or 

Palmaz-Schatz stent implantation, with the primary end-point being the six month restenosis rate. 

The results, when available, are expected to provide data complementary to those of  the Benestent 

and STRESS studies, which have demonstrated a reduced restenosis rate, an improved event-free 

survival and a abrupt occlusion rate similar to that of  balloon angioplasty, but an unacceptable 

incidence of  bleeding and vascular complications, urging the next generation of  stenting trials. 

Benestent Study Stress Study 

Balloon (n=257) Stent (n=259) P Balloon (n=202) Stent (n=205) P 
Composite clinical 
end-point analysis 
In-hospital period 6.2% 6.9% NS 7.9% 5.9% NS 

At follow-up 
Half  year* 29.6% 20.1% <0.05 23.8% 19.5% NS 
1 year 31.5% 23.2% <0.05 — — — 

Event-free  survival 
Half  year 70.4% 79.9% <0.05 76.2% 80.5% NS 
1 year 68.5% 76.8% <0.05 — — — 

Acute closure/stent 2.7% 3.5% NS 1.5% 3.4% NS 
thrombosis 
Bleeding and 3.1% 13.5% <0.05 4.0% 7.3% <0.05 
vascular 
complications 
Hospital stay, days 3.1 8.5 <0.05 2.8 5.8 <0.05 

•Benestent, 7 months; Stress, 8 months 

Table 2: Clinical results of  the Benestent and STRESS studies 
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Perhaps one of  the most promising developments is the design of  stents with improved 

thromboresistant properties (76), thus alleviating the need for  systemic anticoagulation and thereby 

reducing, if  not abolishing, bleeding and vascular complications. In the pilot phase of  the Benestent 

II trial 207 patients received a heparin-coated stent in four  equal groups, with an increasing delay to 

the commencement of  anticoagulation of  up to 36 hours post-implantation. There were no episodes 

of  acute or subacute occlusion and the overall six month restenosis rate was 13% (77). On the basis 

of  these compelling results the Benestent II trial has commenced. Eight hundred and twenty four 

patients with primary coronary artery lesions in a native vessel will be randomised to receive a 

heparin-coated Palmaz-Schatz stent, followed  by treatment with aspirin and ticlopidine, or 

conventional balloon angioplasty. A sub-randomisation will occur to allocate patients to solely 

clinical or clinical and angiographic follow-up.  Additionally a detailed account will be kept of  the 

medical costs related to coronary artery disease in all patients. This trial aims to prove that primary 

coronary stenting will not only reduce the rates of  subacute occlusion and restenosis and improve 

event-free  survival, but also reduce the economic burden of  a coronary intervention on society and 

the psychosocial burden on the individual patient. 

The role of  stenting for  acute or threatened vessel closure following  coronary angioplasty has also 

been studied in a randomised fashion.  Much of  the early stenting experience was for  bail-out 

following  failed  balloon angioplasty, usually with restoration of  normal coronary flow  and 

resolution of  chest pain and electrocardiographic changes (66). It appeared that patients fared 

favourably  following  bail-out stenting when compared with emergency bypass surgery or 

conservative management (78). However, a more recent case-control study revealed that the 

clinical outcome following  bail-out stent implantation was no better than conventional treatment 

despite rapid restoration of  blood flow  and a good angiographic result (79). Bail-out stenting has 

also been identified  as one of  the most powerful  independent predictors of  subsequent subacute 

stent thrombosis (80). One should bear in mind that in these earlier studies bail-out stents were 

often  implanted after  closure proved to be refractory  to prolonged attempts at therapy with various 

modalities including autoperfiision  balloons and thrombolytic agents. 
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To test the efficacy  of  stenting in this situation, at least three studies randomising stent against 

balloon have been performed.  In the Stent-by and TASC-II (Trial of  Angioplasty Versus Stenting in 

Canada) studies the utility of  Palmaz-Schatz stenting was compared with prolonged balloon 

angioplasty methods, while in the GRACE (Gianturco-Roubin Stent Acute Closure Evaluation) 

study a Gianturco-Roubin stent was used. Despite sound protocols these studies have been 

hindered by slow recruitment and dilution of  results by cross-over. It appears that the use of  and 

faith  in the stent in the bail-out situation is so strong that few  interventionalists are willing to subject 

their patients with acute or threatened closure to prolonged and repeated balloon dilatation. 

A further  niche for  stenting is in the increasing proportion of  patients with ageing saphenous venous 

bypass grafts  returning for  repeat coronary revascularisation. Stent implantation appears an 

attractive option with a high chance of  immediate success, an acceptable complication rate and a 

favourable  late clinical outcome (76.3% 12 month event-free  survival) when compared with 

previous balloon angioplasty studies (81-83). The results of  randomised studies comparing balloon 

angioplasty with stent implantation in bypass grafts  are awaited in order to see whether the growing 

trend to implant stents is justified. 

Randomisation of  balloon versus stent has also been performed  for  restenotic lesions (Rest Study) 

and following  recanalisation of  a coronary artery occlusion (Stenting in Chronic Coronary 

Occlusions - SICCO). The results of  these trials, when they become known, will give more 

direction to current clinical practice. 

With the growing number of  publications reporting the results of  coronary stenting, generally with 

favourable  results in comparison with balloon angioplasty, a frenzy  of  activity has pervaded the 

stent development industry. A diverse variety of  stents are becoming clinically available, varying in 

composition, configuration  and size (Figure 2). Although niches for  particular stents are evolving, 

the advantage of  one stent over another may never be scientifically  defined,  and it is likely that 

market forces  will be a major determinant of  clinical choice. 
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The flow  and ebb of  anticoagulation 

From the very early animal studies it became clear that implantation of  endoprostheses within the 

vascular system activated coagulation, with resultant thrombosis of  varying degrees depending on 

stent composition, configuration  and size. 

The finding  that the thrombogenicity of  metals was related to their surface  properties, such as 

electric charge (84), prompted studies of  stents made from  various metallic compounds in the hope 

that the ideal thromboresistant device would be found,  with little success (59,63,64). The reported 

variation of  thrombosis within stainless steel stents was thought to be partially explained by 

configuration.  Schatz was encouraged by his early canine studies with the balloon expandable 

slotted tube stent, when no instances of  thrombosis were encountered (64). His optimism continued 

following  implantation of  the stent into the first  17 human coronary arteries. No episodes of  abrupt 

closure occurred in these patients, who were given procedural dextran and heparin and discharged 

on aspirin and dipyridamole alone. However, as the series of  patients grew, a significant  number of 

thrombotic episodes occurred and warfarin  was added to the post-procedural regimen (70). 

Thrombosis within the self-expanding  Medinvent stent, also composed of  stainless steel, was 

encountered in animal experiments (63), prompting the use of  intracoronary urokinase along with 

heparin, aspirin, dipyridamole and Coumadin in the first  coronary implants (66). Despite this 

aggressive regime, thrombosis remained a problem and both dextran and sulphinpyrazone were 

added (67). The escalation of  'anticoagulant' regimes, with up to seven agents (aspirin, dextran, 

heparin, dipyridamole, sulphinpyrazone, urokinase, Coumadin) being used and associated bleeding 

and vascular complications, led to the inevitable question 'Are we the sorcerer's apprentice? (85), 

and in many centres stenting was temporarily abandoned except for  'bail-out' situations. 
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Some stalwarts wondered whether, in fact,  the problem of  thrombosis was as much related to the 

flow  through the implanted stent, with adequate expansion, inflow  and outflow,  than to the metallic 

properties of  the stent itself,  and continued to implant stents electively, frequently  in restenotic 

lesions (86). With greater attention to optimal stent implantation in perhaps more carefully  selected 

vessels, along with continued stringent anticoagulation, the incidence of  subacute occlusion 

diminished to less than 5%. Of  particular interest was the rate of  restenosis, which promised to be 

lower than after  balloon angioplasty, along with an improved event-free  survival. In the Benestent 

and STRESS studies which ensued, the subacute thrombosis rates were 3.5% and 3.4% 

respectively, with an anticoagulation/antiplatelet regime consisting of  dextran, heparin, aspirin, 

dipyridamole and warfarin  (73,74). 

The tide began to turn with the introduction of  intracoronary ultrasound and high pressure 

intrastent dilatation to ensure optimal stent deployment (87). The concept of  high pressure stent 

expansion, thought to be important by the pioneers of  stenting, was able to be tried as a result of 

the development of  balloon catheters able to withstand high pressures, and tested with intravascular 

ultrasound. Anticoagulation regimes began to diminish with ticlopidine or even aspirin alone 

replacing warfarin,  and both dextran and dipyridamole being omitted completely without any 

apparent rebound in the rates of  subacute thrombosis (88-90). It appears paradoxical that these 

results can now be achieved without significant  changes to the configuration  and composition of  the 

stent itself,  strongly suggesting that meticulous attention to stent expansion and through flow  plays 

a critical role in successful  stent implantation. We are reminded of  the words of  Julio Palmaz who 

made similar observations a decade ago (62). Additionally, stent coatings have been studied, in 

particular covalently bound heparin. In the fourth  phase of  the Benestent II pilot study 50 patients 

received a heparin-coated stent and were discharged on ticlopidine and aspirin with no episodes of 

subacute thrombosis (77). 

With the ebb of  anticoagulation, bleeding complications and the length of  hospital stay have been 

dramatically reduced to equal those of  balloon angioplasty. Continued development of  coated and 

biocompatible stents and attention to optimal deployment will likely mean future  post-procedural 

'anticoagulation' will consist of  aspirin alone. 
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Why should we stent ? 

In order to answer this question we return to those raised by Spencer King III (72). Firstly, is there 

a problem for  which stenting provides a solution? Balloon angioplasty has been hampered by two 

major limitations, acute closure and restenosis. Although the proportion of  patients experiencing 

acute closure is small, 2.7% and 1.5% in the balloon angioplasty groups of  the Benestent and 

STRESS studies respectively (73,74), it is associated with a significant  chance of  myocardial 

infarction  and death. As the number of  patients with complex, difluse  and multivessel disease 

increases, so will the chance of  acute closure. The availability of  more effective  antiplatelet agents, 

thromboresistant stent coatings and optimal stent deployment will continue to reduce the problem 

of  stent thrombosis (91), making stenting an attractive option. The Achilles heel of  coronary 

angioplasty remains restenosis, with around 30% of  lesions renarrowing due to recoil and intimal 

hyperplasia. This figure  has remained static despite a multitude of  pharmacologic and mechanical 

attempts to reduce it. It has been suggested that patients should equate coronary angioplasty with 

dental treatment, regular and benign. But even a dental visit requires time off  work, provokes 

anxiety, costs money and has a risk of  complications. This approach must be regarded as a 

temporary solution. Whilst awaiting discovery of  the 'fluoride'  of  coronary artery disease, new 

strategies to reduce the rates of  restenosis and the associated repeated interventions must be 

sought. The suggestion that restenosis and related clinical event rates may be lower following 

stenting of  primary coronary lesions, gleaned from  early registries, has been confirmed  by the 

Benestent I, STRESS, and Benestent II pilot studies (73,74,77), convincing most that this problem 

can be at least partially alleviated by stenting. 
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Secondly, King asked 'Is the treatment worse than the disease?, raising the issue of  safety.  In the 

editorial accompanying the Benestent and STRESS studies, Eric Topol provided some words of 

caution (92). Although abrupt occlusion rates following  stenting were not significantly  higher than 

after  balloon angioplasty in both studies, the need for  anticoagulation resulted in significant  and 

unacceptably high rates of  bleeding complications in the stented groups (Benestent 13.5%, 

STRESS 7.1%), along with a prolonged hospital stay (73,74). With the current use of  intracoronary 

ultrasound and high pressure post-deployment dilatation, warfarin  has been successfully  replaced by 

ticlopidine and aspirin or even aspirin alone (77,89,90), maintaining an abrupt closure rate of  less 

than 3% and reducing bleeding complications and hospital stay to equal that of  balloon angioplasty. 

The introduction of  smaller guiding catheters and miniaturisation of  interventional devices, which 

allow a smaller arterial puncture via the femoral  and more recently radial artery approach (93), 

although not without limitations, have also contributed (76). The potential for  other problems such 

as metal fatigue,  stent migration and endarteritis appears to diminish as time passes. 

Finally, in an era of  escalating health care costs, the cost effectiveness  of  stenting must be 

considered. Both the Benestent and STRESS studies have shown a superior six month event-free 

survival in stented patients (73,74) and this benefit  has been found  to be maintained beyond one 

year (75). The economic impact has been partially negated by the expense of  the stent itself,  a 

prolonged hospital stay and additional costs related to anticoagulation and associated bleeding 

complications; however, with contemporary antiplatelet regimes, these problems will clearly 

decline. Furthermore, the cost of  a primary stenting procedure is less than a bail-out procedure both 

in terms of  the amount of  material used and subsequent complications (80). A decision analytic 

model has been used to evaluate the potential cost effectiveness  of  a new coronary intervention. It 

was suggested that elective coronary stenting may be a reasonably cost effective  treatment for 

patients with single vessel coronary disease (94). The Benestent II trial will prospectively evaluate 

cost data and compare costs of  patients randomised to stenting with those allocated to balloon 

angioplasty. Additionally one must not only consider the economic burden on society, but also the 

psychosocial cost to the individual patient, for  example days off  work, which can only be lessened 

by a reduced need for  reintervention following  stenting. We await the results of  further  studies. 
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The Future 

Despite the major advances that have been made in coronary stenting over the past decade, it is 

merely the beginning. All registries and trials of  elective stent implantation have acknowledged a 

varying degree of  selection, with inclusion and exclusion criteria, making generalisation of  the 

results to the general angioplasty population hazardous. The results of  stenting diffuse,  complex and 

small vessels remain uncertain, if  not unfavourable.  In both the Benestent and STRESS trials the 

mean reference  diameter of  the carefully  chosen discrete lesions was 3.0 mm (73,74). A meta-

analysis of  these trials has clearly shown that the rates of  restenosis and clinical events are higher 

following  stenting of  smaller vessels. In stented vessels <2.6 mm in diameter, the six month 

restenosis rate was 38% compared with 22% in vessels <3.4 mm (95). Although some clinics are 

stenting up to 50% of  cases, it is likely that it is merited on scientific  grounds in a far  lesser 

percentage of  their angioplasty population. Further research in a wider range of  lesion types and 

clinical situations, along with continuing developments described below, must be undertaken to 

reduce the mismatch between evolving clinical practice and scientific  foundation. 

New developments 

All currently available stents are made of  metal and in every design a compromise is made between 

scaffolding  properties and flexibility.  Metals induce a varying degree of  thrombogenesis, 

necessitating anticoagulation or antiplatelet therapy, and induce significant  intimal hyperplasia, both 

factors  discouraging the use of  stents in small vessels or in situations of  diminished flow. 

Additionally the long-term effects  of  a metallic prosthesis within the vascular system, although 

seemingly benign, are unknown (92). Needless to say the search for  the ideal stent continues. 
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Animal work continues on varying the surface  charge and texture of  stents by galvanisation and ion 

bombardment. Palmaz-Schatz stents coated with platinum, gold and copper by these two techniques 

have been implanted in rabbit iliac arteries. It was found  that thrombus formation  occurred in stents 

coated by galvanisation, which resulted in a higher surface  porosity, and not in those treated by ion 

bombardment or those left  uncoated. These processes also influenced  the surface  charge, the most 

electropositive coatings, platinum and gold, inducing markedly less neointimal formation  within the 

stent than copper, which was the least electropositive. Thus it appears that the surface  texture 

influences  thrombogenicity whilst neointimal hyperplasia is related to charge (96). Although altering 

the coatings and charge of  metallic stents appears promising, a relatively rigid device with 

associated limitations is retained. 

Perhaps more exciting is the concept of  stents made of  materials that can be degraded or absorbed. 

The fibrin  stent appears to have the advantages of  being able to cover an angioplasty injury site and 

provide a healing matrix, and may also be of  value in vein grafts  where a membrane may prevent the 

distal embolisation of  friable  material. Animal experiments have shown the fibrin  film  stent to be 

biocompatible and absorbable, and it appears safe  without anticoagulation (97). Uncertainty remains 

about its effect  on neointimal proliferation  and on the immune system. 

Another area of  intense interest is in polymer stents which can be loaded with antithrombotic or 

antiproliferative  agents (e.g. methotrexate) in high concentration for  sustained local delivery. 

Bioabsorbable polymers may also avoid the potential for  late complications and thus have the 

potential to prevent elastic recoil, thrombosis, neointimal proliferation  and systemic side effects. 

The findings  of  a marked inflammatory  response resulting in significant  luminal encroachment 

following  polymer stent implantation in early porcine experiments appear to have been overcome by 

using a stent comprised of  high molecular weight poly-L lactic acid (98). 
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Finally, perhaps the most promising new field  is that of  radioactive stenting. The antiproliferative 

effect  of  ionising radiation has been used for  decades to reduce cancer growth and also to reduce 

the formation  of  keloid scars. Restenosis within stents is primarily caused by an intimal hyperplastic 

response due to vascular smooth muscle cell proliferation,  and thus the use of  a radioactive stent 

(99,100) or locally pre-irradiating the lesion prior to stent implantation appear to be attractive 

concepts. Porcine experiments have shown that pre-irradiating the coronary segment to be stented 

with gamma and beta radiation significantly  reduced neointimal hyperplasia (101). Palmaz-Schatz 

stents, made radioactive by ion bombardment in a cyclotron, were implanted into the iliac arteries of 

rabbits and emitted predominantly beta, but also gamma and X-radiation. The neointimal thickening 

was suppressed and delayed stent endothelialisation depending on the radiation dose was observed 

without an increase in stent thrombotic events (100). The use of  3 2P as a beta particle emitter 

appears particularly promising (99). It ensures local radiation delivery as the maximal range of  beta 

particles is 3-4 mm in tissue. It has a desirable half  life  of  14.3 days and is undetectable by four 

months. Additionally it exposes the interventionist to less radiation than that of  fluoroscopy  scatter. 

The results of  the first  human trials are eagerly awaited. 

Conclusions 
From the very beginnings of  interventional coronary techniques, the concept of  a stent to scaffold 

stenotic lesions appeared logical and attractive. The problems of  thrombogenicity of  the metallic 

device and the need for  anticoagulation and resultant bleeding complications initially hampered its 

clinical introduction and development. With knowledge gained both clinically and from 

intravascular diagnostic techniques, it was realised that thrombosis was as much related to 

inadequate stent deployment and throughflow  as to its metallic composition. The rate of  restenosis 

following  stenting appeared to be low, particularly in primary lesions. Armed with this information 

the first  randomised trials were undertaken, providing results that have secured the future  of 

stenting as a mainstay of  interventional cardiology. With continued developments and refinements, 

stenting may well lead the coup of  percutaneous transluminal angioplasty over surgical 

revascularisation. 

We look forward  to the results of  the first  randomised trials of  stenting versus surgical 

revascularisation for  multivessel coronary artery disease. 
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Chapter  2 

Continued Benefit  of  Coronary Stenting Versus 
Balloon Angioplasty: One-Year Clinical Follow-Up of 

the Benestent I Study 
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Objectives 
This study sought to determine the 1-year clinical follow-up  of  patients included in the Benestent I trial. 

Background 

The Benestent trial is a randomised study comparing elective Palmaz-Schatz stent implantation with 
balloon angioplasty in patients with stable angina and a de novo coronary artery lesion. Seven-month 
follow-up  data have shown a decreased rate of  re-stenosis and fewer  clinical events in the stent group. It is 
not established whether this favourable  clinical outcome is maintained for  longer periods or whether 
coronary stenting defers  re-stenosis and its subsequent clinical manifestations. 

Methods 
To clarify  this uncertainty, we updated clinical information  on all but 1 of  516 patients enrolled in the 
Benestent trial (257 in balloon group, 259 in stent group) at least 12 months after  the intervention. Major 
clinical events (primary clinical end point) were tabulated according to the intention to treat principle and 
included death, the occurrence of  a cerebrovascular accident, myocardial infarction,  the need for  bypass 
surgery or a further  percutaneous intervention in the previously treated lesion. 

Results 
After  1 year, no significant  differences  in mortality (1.2% vs. 0.8%), stroke (0.0% vs. 0.8%), myocardial 
infarction  (5.0% vs. 4.2%) or coronary bypass graft  surgery (6.9% vs. 5.1%) were found  between the stent 
and balloon angioplasty groups, respectively. However, the requirement for  a repeat angioplasty procedure 
was significantly  lower in the stent group (10%) than the balloon angioplasty group (21%, relative risk 
[RR] 0.49, 95% confidence  interval [CI] 0.31 to 0.75, p = 0.001), and overall primary end points were less 
frequently  reached by stent group patients (23.2%) than those in the balloon group (31.5%, RR 0.74, 95% 
CI 0.55 to 0.98, p = 0.04). No differences  were found  between groups with respect to functional  class 
angina and prescribed medication at the time of  follow-up. 

Conclusions 
These clinical follow-up  data show that the benefit  of  elective native coronary artery stenting in patients 
with stable angina is maintained to at least 1 year after  the procedure and results in a significantly  reduced 
requirement for  repeat intervention. 
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Introduction 

Despite considerable technical improvement in coronary balloon angioplasty, the restenosis 

process remains the major limitation of  this interventional technique (102-103). Restenosis has 

been found  to be unresponsive to a wide variety of  drugs, diets and different  balloon strategies 

(105). Consequently, new devices for  transluminal revascularisation have been developed and 

tested in clinical practice with the aim of  reducing the incidence of  restenosis (106-109). 

Intracoronary stent implantation has proved to be successful  in the treatment of  coronary artery 

dissections and in preventing abrupt vessel closure (110,111). Furthermore, it has been suggested 

that stenting may improve long-term angiographic outcome by optimising the immediate 

angiographic result (112,113). Recently, two major randomised studies comparing balloon 

angioplasty with elective coronary Palmaz-Schatz stenting in de novo lesions of  patients with 

stable angina syndromes have been completed (73,74). Both studies have demonstrated a lower 

rate of  restenosis 7 months after  the intervention in stented lesions. The Benestent I trial has also 

shown a superior clinical outcome at 7-month follow-up  in those patients who received a stent 

(73). Despite this real benefit,  the limitations of  coronary stenting, such as bleeding and vascular 

complications, subacute stent thrombosis and cost remain a concern for  those considering stenting 

in their daily interventional practice. More important, the question of  whether the stent is capable 

of  reducing and not merely delaying the restenotic process needs to be addressed (114). To 

address this question, we assessed the 1-year clinical outcome of  the 516 patients recruited in the 

Benestent I study. 
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Methods 

Study patients 

Patients with stable angina and a single new lesion of  the native coronary circulation were 

included in the study. Angiographic criteria for  enrolment included a target lesion <15 mm long, 

located in a vessel >3 mm in diameter and supplying normally functioning  myocardium. 

Angiographic exclusion criteria included ostial and bifurcation  lesions, evidence of  intracoronary 

thrombus, previously grafted  vessels and severe vessel tortuosity. Other clinical exclusion criteria 

were age <30 or >75 years, contraindication to anticoagulant or antiplatelet therapy, ineligibility 

for  coronary bypass surgery and any surgical intervention planned for  the following  6 months. 

After  providing verbal or written informed  consent, investigators telephoned a central office  and 

were randomly assigned to either stent implantation or balloon angioplasty. Randomisation was 

stratified  according to centre with blocks of  six treatment assignments to ensure an equal 

distribution of  treatments in each centre. Clinical and angiographic characteristics of  the study 

patients are shown in Table 1. 
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Angioplasty Stent 
Characteristic (n = 257) (n = 259) 
Age (yr) 58 ± 10 57 ± 9 
Weight (kg) 79 ± 13 78 ± 11 
Height (cm) 171 ± 9 171 ± 8 
Male gender 212(82) 207 (80) 
Ever-smoked 124 (48) 119(46) 
Current smoker 60 (23) 62 (24) 
Diabetes mellitus 16(6) 17(7) 
Previous conditions 

MI 48 (19) 52 (20) 
CABG 5(2) 0 
Angioplasty 8(3) 5(2) 
Hypercholesterolaem ia 95 (37) 89 (34) 
Stroke 6(2) 6(2) 
Peripheral vascular disease 8(3) 10(4) 

Exertional angina (CCS class) 
9(3) I 9(4) 9(3) 

II 75 (29) 82 (32) 
III 130 (51) 125 (48) 
IV 20 (8) 16(6) 
None 23 (9) 27(10) 
Mixed 89 (35) 89 (34) 

Artery dilated 
60 (23) RCA 72 (28) 60 (23) 

LAD 159 (62) 165 (64) 
LCx 26 (10) 34(13) 

Type of  lesion 
130 (50) Concentric 118(46) 130 (50) 

Multiple irregularities 21(8) 16(6) 
Occluded (TIMI 0 or 1) 5(2) 9(3) 
Calcified 27(11) 29(11) 

Length (mm) 6.96 ± 2.57 7.06 ±2.56 
Thrombus after  procedure 10(4) 3(1) 
Nominal size of  stent or balloon (mm) 3.29 ±0.38 3.31 ±0.34 
Largest balloon size (mm) 3.30 ±0.38 3.40 ±0.40 
Total inflation  time (s) 399 ± 359 180±178 

Data presented as mean value ± SD or number (%) of  patients. 

Table 1: Baseline clinical, angiographic and procedural characteristics of  516 
patients included in intention to treat analysis. 
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Angioplasty procedure 
Balloon angioplasty and stent implantation were performed  according to standard clinical practice 

(73). The articulated Palmaz-Schatz stent (Johnson & Johnson Interventional Systems) was used. 

Details of  design and placement technique of  the Palmaz-Schatz coronary stent have previously 

been described (73,115). All patients received aspirin (250 to 500 mg daily) and dipyridamole (75 

mg three times a day) at least from  the day before  to 6 months after  intervention. Patients 

undergoing coronary stent implantation were treated with a continuous infusion  of  dextran (1,000 

ml over 6 to 8 h) and a 10,000 U bolus of  unfractionated  heparin at the commencement of  the 

procedure. A heparin bolus was repeated hourly in the event of  a prolonged procedure. The 

femoral  sheaths were removed 6 to 8 h after  the intervention. Oral anticoagulant therapy 

(warfarin)  was started after  sheath removal, and patients were kept on continuous intravenous 

heparin therapy (to maintain activated partial thromboplastin time between 60 and 90 s) for  at 

least 36 hours, until the prothrombin time had reached the therapeutic range (international 

normalised ratio 2.5 to 3.5). Warfarin  therapy was continued for  3 months. Patients who 

underwent conventional balloon angioplasty received a 10,000 U bolus of  unfractionated  heparin 

followed  by an additional bolus hourly if  necessary. In addition, both treatment groups received 

calcium antagonists until hospital discharge, with further  medical treatment left  to the clinician's 

judgement. 

Clinical follow-up 
According to the original protocol, patients were seen in the outpatient clinic 1, 3 and 6 months 

after  the procedure. An interview, physical examination and electrocardiography were performed. 

Exercise testing was performed  immediately before  the 6-month follow-up  coronary angiogram 

unless early restudy had been clinically indicated. One year after  the procedure, clinical 

information  was obtained directly from  the patient at the outpatient clinic, by telephone interview 

or from  the referring  physician. At this time, a questionnaire was completed and included the 

following  information:  occurrence and date of  any primary clinical end point, angina status 

according to the Canadian Cardiovascular Society classification  (116) and antianginal medication 

used. 
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Primary clinical end points 

The following  clinical end points were included and ranked according to the most severe on the 

following  scale: death, cerebrovascular accident, myocardial infarction,  bypass surgery or a 

second percutaneous intervention involving the site of  the previously treated lesion. All events 

were reviewed by the critical events committee, which was unaware of  the treatment allocation. 

When more than one clinical end point occurred in a patient, the event occurring first  was 

considered for  survival analysis. All events were considered for  composite analysis. 

All deaths were included for  analysis regardless of  cause. Cerebrovascular accidents occurring in 

patients receiving anti-coagulant therapy were considered to be intracranial haemorrhages unless 

unequivocally demonstrated otherwise. A myocardial infarction  was diagnosed if  new pathologic 

Q waves according to the Minnesota Code (117) or an increase in serum creatine kinase levels to 

more than twice the normal value together, with an increase in the myocardial isoenzyme levels, 

was demonstrated. Bypass surgery was defined  to include an emergency or elective bypass 

operation involving the previously treated coronary segment. An emergency bypass operation was 

defined  as one that required immediate transfer  of  the patient from  the angioplasty suite to the 

operating room. Rescue stent implantation was defined  as stent deployment in the event of  a 

complete or critical reduction in coronary blood flow  (Thrombolysis in Myocardial Infarction 

[TIMI] grade 0 or 1) after  balloon angioplasty or a reduction in baseline flow  by one grade of  the 

TIMI classification  (11). In all instances, prolonged balloon inflation  was attempted before  rescue 

stenting was considered. Rescue stenting is currently perceived as an integral part of  angioplasty 

strategy, and only associated untoward clinical events were counted as primary end points. Second 

percutaneous interventions were those involving the previously treated lesion. The initial 

intervention was considered complete when the guiding catheter was removed from  the arterial 

sheath. The symptomatic indication for  a second intervention was substantiated by 

electrocardiographic or scintigraphic evidence of  myocardial ischaemia, or both. 

Revascularisation (surgical or percutaneous) involving other coronary artery sites was not 

considered a primary end point. 
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Secondary clinical end points 
Secondary end points were assessed at the time of  follow-up  regardless of  occurrence of  primary 

end points and included functional  angina class and antianginal medication taken at that time. 

Statistical analysis 
The principal clinical analysis consisted of  a single comparison between the two study groups 

(stent and balloon) with respect to primary clinical end points regardless of  the time of  event 

occurrence. This analysis included all patients according to the intention to treat principle. The 

chi-square test with the Yates correction was used to compare proportions. Discrete variables are 

expressed as counts and percentages and were compared in terms of  relative risks for  stented 

lesions compared with balloon-dilated lesions, including 95% confidence  intervals calculated by 

the method of  Greenland and Robins (118). Event-free  survival after  stent placement or balloon 

angioplasty was determined by Kaplan Meier techniques and displayed as survival curves. 

Comparison between curves was performed  using the log-rank and Wilcoxon test. 

Results 
Baseline characteristics, procedural factors  and immediate and 7-month clinical and angiographic 

follow-up  results of  the Benestent study have previously been reported (73). There were no 

differences  in baseline clinical and angiographic characteristics between the two study groups 

(Table 1). Of  the 259 patients randomly assigned to receive a stent, the procedure was 

unsuccessful  in 10 (8 underwent bypass surgery, 2 were treated medically), and 14 patients (5.4%) 

crossed over and were treated successfully  by balloon angioplasty. Of  the 257 patients randomly 

assigned to balloon angioplasty, 11 (4.3%) crossed over and were treated successfully  with the 

implantation of  a stent, and 5 required bypass surgery. Therefore,  the procedural success rates 

were 92.7% in patients randomly assigned to stent implantation and 91.1% in patients assigned to 

balloon angioplasty, whereas the angiographic success rates were 96.9% in stented lesions and 

98.1% in balloon dilated lesions. Analysis of  clinical outcome was performed  according to the 

intention to treat principle, comparing follow-up  of  the 259 patients randomly assigned to stent 

implantation with that of  the 257 patients randomly assigned to balloon angioplasty. 
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The ranking and total number of  clinical events occurring in hospital are shown in Table 2. There 

were no differences  in the incidence of  any primary clinical event between the groups, and the 

composite rate for  all in-hospital events was similar in both (16 events [6.2%] in the angioplasty 

group vs. 18 events [6.9%] in the stent group; relative risk [RR] 1.12, 95% confidence  interval 

[CI] 0.58 to 2.14). Angiographically documented stent thrombosis during the hospital stay 

occurred in 3.5% of  patients, an incidence similar to that of  subacute vessel closure after  balloon 

angioplasty (2.7%). However, the incidence of  bleeding and vascular complications was 

significantly  higher after  stent implantation than after  balloon angioplasty (13.5% vs. 3.1%, RR 

4.34, 95% CI 2.05 to 9.18, p = 0.001). The mean (± SD) hospital stay was 8.5 ± 6.8 days in the 

stent group and significantly  lower at 3.1 ± 3.3 days in the angioplasty group (p = 0.001). 
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Angioplasty Stent Relative Risk 
Event (n = 257) (n = 259) (95% CI) 
Death 

In-hospital 0 0 -
At 7 months 1(0.4) 2(0.8) 1.98(0.18-21.75) 
At lyr 2(0.8) 3 (1.2) 1.49(0.25-8.83) 
All events 2(0.8) 3 (1.2) 1.49(0.25-8.83) 

CVA 
In-hospital 1(0.4) 0 
At 7 months 2 (0.8) 0 
At 1 yr 2 (0.8) 0 
All events 2 (0.8) 0 

Q wave MI 
In-hospital 2(0.8) 5(1.9) 2.48(0.49-12.67) 
At 7 months 4(1.6) 7(2.7) 1.74(0.51-5.86) 
At lyr 5 (1.9) 9(3.5) 1.79(0.61-5.26) 
All events 6(2.3) 10(3.9) 1.65(0.61-4.40) 

Non-Q wave MI 
In-hospital 6(2.3) 4(1.5) 0.66(0.19-2.32) 
At 7 months 6(2.3) 4(1.5) 0.66(0.19-2.32) 
A t l y 6(2.3) 4(1.5) 0.66(0.19-2.32) 
All events 7(2.7) 4(1.5) 0.57(0.17-1.91) 

Urgent CABG 
In-hospital 4(1.6) 5 (1.9) 1.24(0.34-4.57) 
At 7 months 4(1.6) 5(1.9) 1.24(0.34-4.57) 
A t l y 4(1.6) 5 (1.9) 1.24(0.34-4.57) 
All events 5(1.9) 6(2.3) 1.19(0.37-3.05) 

Elective CABG 
In-hospital 0 3 (1.2) 
At 7 months 6(2.3) 8(3.1) 1.32(0.47-3.76) 
A t l y 9(3.5) 13 (5.0) 1.43 (0.62-3.29) 
All events 10(3.9) 15 (5.8) 1.49(0.68-3.25) 

Repeat PTCA 
In-hospital 3 (1.2) 1(0.4) 0.33 (0.03-3.16) 
At 7 months 53 (20.6) 26(10.0) 0.49(0.32-0.75) 
A t l y 53 (20.6) 26(10.0) 0.49(0.31-0.75) 
All events 69(26.8) 45 (17.8) 0.65(0.46-0.90) 

Any event 
In-hospital 16(6.2) 18(6.9) 1.12(0.58-2.14) 
At 7 months 76(29.6) 52(20.1) 0.68(0.50-0.92) 
A t I y r 81(31.5) 60(23.2) 0.74(0.55-0.98) 
A " events 100 (38.9) 83 (32.0) 0.82 (0.65-1.04) 

All events = nonhierarchic listing of  events at 1 year (e.g., if  a patient required repeat angioplasty and 
later coronary artery bypass graft  surgery, the total count at 1 year would reflect  both events, not just 
the worst event that occurred). 

Table 2: Frequency of  primary clinical end points in-hospital and at 7 months and 1 
year in descending order of  severity and followed  by total number of  events 
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After  7 months of  follow-up,  a primary clinical end point was reached by 76 (29.6%) of  the 257 

patients randomly assigned to balloon and by 52 (20.1%) of  the 259 assigned to stent implantation 

(RR 0.68, 95% CI 0.50 to 0.92, p = 0.02). The need for  a repeat angioplasty involving the target 

lesion was twofold  higher in the balloon group than in the stent group (53 patients [20.6%] vs. 26 

patients [10%], respectively; RR 0.49, 95% CI 0.31 to 0.75, p = 0.001). In accordance with these 

clinical data, the minimal lumen diameter at angiographic follow-up  was greater after  stent 

implantation than after  balloon angioplasty (1.82 ± 0.64 vs. 1.73 ± 0.55 mm, p = 0.09, median 

difference  0.17 mm), and the incidence of  restenosis at 7 months, according to the >50% stenosis 

criterion, was 22% after  stent implantation compared to 32% after  balloon angioplasty (p = 0.02). 

One-year follow-up 

One year after  the initial intervention, clinical follow-up  information  was available in all but one 

patient from  the stent group (99.8%). The mean follow-up  period was 12 months (range 0.3 to 

34). All interviews were performed  at least 1 year after  the intervention unless the patient had died 

in the intervening period. In 169 patients (33%), information  was obtained directly by interview, 

by telephone in 256 (50%) and from  the referring  physician in the remaining 87 (17%). After  1 

year of  follow-up,  176 patients (68.5%) assigned to balloon angioplasty and 199 (76.8%) assigned 

to stent implantation were free  of  clinical events (p < 0.04). The difference  in long-term clinical 

outcome is displayed in the cumulative distribution curves for  the primary clinical end points in 

both treatment groups in Figure 1. When repeat intervention was removed as a primary clinical 

end point, there was no significant  difference  in 1-year event-free  survival (87% for  stent group, 

89% for  balloon group). Ranking for  primary events and the total count of  events at 1 year of 

follow-up  are presented in Table 2. A primary clinical end point occurred in 81 (32%) of  the 257 

patients randomly assigned to balloon angioplasty and in 60 (23%) of  the 259 randomly assigned 

to stent implantation (RR 0.74, 95% CI 0.55 to 0.98, p = 0.04). The most striking difference  in 

clinical outcome between the balloon and stent groups was a significantly  reduced requirement for 

a further  percutaneous intervention to the target lesion in the latter group (21% vs. 10%, 
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respectively, RR 0.49, 95% CI 0.31 to 0.75, p = 0.001). The distribution of  angina class at the 

time of  follow-up  was similar in both groups, with 86% of  patients in the balloon group and 82% 

in the stent group remaining angina-free  (Table 3). Antianginal medication taken at the time of 

follow-up  was similar in both groups (calcium antagonists 46% vs. 37%, beta-adrenergic blocking 

agents 31% vs. 25%, nitrates 16% vs. 13% and aspirin 88% vs. 91%, for  the balloon and stent 

group patients, respectively). However, as we have shown, those patients who underwent balloon 

angioplasty required a repeat interventional procedure more frequently  to remain symptom-free. 

40 
pts with a clinical endpoint (%) 
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Figure 1: Cumulative frequency  distribution curve for  the two study groups showing percent 
of  patients with primary clinical end points at follow-up.  Significant  differences  in 
the incidence of  major clinical events appearing in the first  6 months are 
maintained at 1-year follow-up. 
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CCS Functional Angioplasty Stent 

Class (n = 257) (n = 259) 

No angina 218(86) 210 (82) 

I 6(2) 16(6) 

II 23 (9) 23 (9) 

III 8(3) 4(2) 

IV 0(0) 0(0) 

Unknown 0(0) 4(1) 

Data are presented as number (%) of  patients. 

Table 3: Functional Class 1 year after  intervention for  516 patients included in 
intention to treat analysis. 

One-year status of  patients event-free  at 7-month follow-up 
Primary clinical end points occurring after  the 7-month follow-up  assessment were rare. Of  the 

388 patients free  of  a primary event at 7-month follow-up,  only 12 (3%) had a primary clinical 

event in the subsequent follow-up  period. Clinical and angiographic characteristics of  these 12 

patients are shown in Table 4. Of  these patients, eight had undergone primary coronary stenting, 

and four  a balloon angioplasty. The most frequent  late clinical event was a revascularisation 

procedure involving the target lesion (five  repeat angioplasty, three bypass grafting).  Additionally, 

there were three myocardial infarctions  and one death. This small number of  patients presenting 

with late clinical events does not permit a meaningful  comparison between groups. However, five 

of  the eight late revascularisation procedures were performed  between 7 and 11 months of  follow-

up, and four  of  these five  patients had already developed angiographic restenosis at 7-month 

follow-up. 
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Minimal Lumen Diameter (mm) 

Pt No. Age S/B Primary Event Time Post FUP DS% FUP 
(yr) (mo) 

1 48 B PTCA 7 1.91 1.22 57 
2 67 S PTCA 8 2.23 0.99 60 
3 65 S CABG 8 2.93 1.37 50 
4 77 S Q wave MI 8 2.53 2.06 34 
5 55 s PTCA 9 2.23 1.41 56 
6 64 s PTCA 11 2.30 2.77 11 
7 50 s MI 12 2.63 2.31 27 
8 70 s CABG 13 1.96 1.17 51 
9 61 B CABG 16 2.05 2.12 27 
10 65 S Q wave MI 17 2.43 2.29 31 

Death 17 
11 59 B MI 21 2.41 2.34 49 

CABG 22 
12 57 B PTCA 25 1.82 1.68 31 
B - balloon; S = stent; DS = diameter stenosis; FUP = follow-up;  Post = after  procedure; 
Pt = patient; Time = from  interventional procedure to primary clinical event. 

Table 4: Clinical and angiographic characteristics of  patients who developed a first 
clinical event after  7 months of  follow-up. 

Discussion 

The present review of  the 516 patients enrolled in the Benestent trial, where patients with stable 

angina were randomised to stent implantation or balloon angioplasty for  the treatment of  new 

coronary lesions, demonstrates that the superior clinical outcome observed at 7-month follow-up 

in patients who received a stent is maintained to at least 1 year after  the intervention with a low 

incidence of  new clinical events. 
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Clinical outcome in balloon and stent groups 

The superior clinical outcome of  patients who underwent stent implantation is supported by the 

larger minimal lumen diameter documented at 7-month follow-up  with a subsequent reduction in 

clinically significant  restenosis (73). However, it has been suggested (114) that the stent, a 

permanent metallic implant incorporated into the vessel wall, could prolong the time course over 

which intimal hyperplasia occurs and therefore  delay the appearance of  restenosis to beyond the 

traditionally accepted period of  6 months. The results of  our study show that the benefits  obtained 

from  stent implantation in the first  7 months are maintained at least to beyond the first  year of 

follow-up,  with no further  increase in late (>7 months) primary events in stent group patients 

compared with balloon group patients. There is thus no evidence to suggest a delay in the 

restenosis process. It has been argued (119-121) that clinical events occurring 1 year after 

coronary interventions may most likely be related to the natural progression of  atherosclerotic 

disease rather than to a delayed restenotic response to angioplasty-mediated arterial injury. Long-

term angiographic follow-up  studies (121) have shown a very low incidence (3%) of  late stenosis 

at exactly the same site of  previously dilated coronary segments in patients with a second 

coronary angiogram because of  a recurrence of  symptoms (121). 

Our results are also supported by non-randomised angiographic late follow-up  studies 

(86,122,123). Clinical events in the 300 stent group patients included death in 0.7%, myocardial 

infarction  in 3.7%, bypass grafting  in 8% and repeat angioplasty in 13%. Eighty percent of  stent 

group patients were free  of  an adverse event (86). In addition, follow-up  data for  the National 

Heart, Lung and Blood Institute funded  New Approaches in Coronary Intervention registry are 

being collected. However, the lack of  a comparison group of  patients with similar lesions treated 

by conventional balloon angioplasty remains an important limitation of  this type of  registry (122). 

Kimura et al. (123) reported a significantly  smaller vessel diameter at 6 months than immediately 

after  stenting in 177 patients (2.96 ± 0.41 vs. 2.32 ± 0.51 mm, respectively, p = 0.001), with no 

further  decline in minimal lumen diameter between the 6- and 12- month follow-up  angiogram 

(2.32 ± 0.51 vs. 2.30 ± 0.54 mm, respectively, p = NS). Late restenosis was documented in only 

four  lesions (2.3%). Additionally, a recent preliminary report from  this group (124) and that of 

Foley et al. (125) have shown a significant  late increase in minimal lumen diameter 2 to 3 years 

after  Palmaz-Schatz coronary stenting, suggesting favourable  wall remodelling of  these stented 

segments. 
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Early (<7 months) versus late (>7 months) clinical outcome 

The occurrence of  a first  primary end point beyond 7 months after  the procedure was very low in 

our study patients (2.3%), and although the small number of  patients does not allow statistical 

comparison, it is of  interest that most late events were revascularisation procedures involving the 

target lesion (eight events) and that most revascularisation procedures were performed  close to the 

7-month follow-up  time in patients who had already developed restenosis at the time of 

angiographic follow-up  (five  events), suggesting that these "early" late events were in fact  a 

consequence of  a restenosis developing in the initial 7 months of  follow-up.  We suggest that by 7 

months the adverse processes related to stent implantation, namely thrombotic occlusion and 

intimal hyperplasia, have become manifest,  and late clinical events are more likely to be related to 

the natural progression of  the underlying atherosclerotic disease than to the device used at the time 

of  coronary angioplasty. 

When we exclude further  coronary angioplasty as a major complication, an event that can be 

argued is a more benign complication than death, stroke, myocardial infarction  or bypass surgery, 

we observe no significant  difference  in 1-year outcome in the two treatment groups. However, it 

should not be forgotten  that the coronary angioplasty procedure retains a small risk of  mortality 

and morbidity. Additionally, there is a significant  psychosocial impact on the patient and his or 

her family  with every hospital admission, albeit for  a "benign" procedure. The economic benefit 

of  stenting will be investigated prospectively in the Benestent II study. It has been suggested that 

the cost of  the stent, which, without doubt, impacts significantly  on the cost of  the stenting 

procedure, compared with balloon angioplasty, will diminish as competition for  the stent market 

increases. 
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Clinical implications and conclusions 

The excellent long-term survival after  elective percutaneous interventions in our study is not 

surprising because most patients had single-vessel disease and good left  ventricular function, 

features  known to be associated with an excellent long-term prognosis. Coronary angioplasty has 

been demonstrated (126) to be more successful  in relieving angina pectoris and improving 

exercise tolerance than medical treatment in patients with stable single-vessel coronary artery 

disease. However, the results of  angioplasty are hampered by a high incidence of  restenosis (30% 

to 40%) after  an initially successful  balloon dilation (127). Elective coronary stenting has been, 

shown to improve the clinical and angiographic results of  coronary angioplasty (73,74). However, 

these benefits  are partially negated by the cost related to the stent itself,  bleeding complications 

and a prolonged hospital stay (128,129). We eagerly await the results of  trials of  new stent 

designs, deployment strategies and adjuvant therapies in an attempt to reduce or abolish these non 

desirable effects  (130,77). 

The maintenance of  the clinical benefit  achieved by elective coronary stenting resulting in a 

diminished need for  repeat procedures may help to balance the cost/benefit  equation of  this new 

interventional strategy. 
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Abstract 

Background 
The multicentre, randomised Benestent-II study investigated a strategy of  implantation of  a 

heparin-coated Palmaz-Schatz stent plus antiplatelet drugs compared with the use of  balloon 

angioplasty in selected patients with angina, with one or more de-novo lesions, less than 18 mm 

long, in vessels 3 mm or more in diameter. 

Methods 
Eight hundred and twenty seven patients were randomly assigned stent implantation (414 patients) 

or standard balloon angioplasty (413 patients). The primary clinical endpoint was event-free 

survival at 6 months, including death, myocardial infarction,  and the need for  revascularisation. 

The secondary endpoints were the restenosis rate at 6 months and the cost-effectiveness  at 12 

months. There was also one-to-one subrandomisation to either clinical and angiographic follow-up 

or clinical follow-up  alone. Analyses were by intention to treat. 

Findings 
Four patients (one stent group, three angioplasty group) were excluded from  analysis since no 

lesion was found.  At 6 months, a primary clinical endpoint had occurred in 53 (12.8%) of  413 

patients in the stent group and 79 (19.3%) of  410 in the angioplasty group (p=0.013). This 

significant  difference  in clinical outcome was maintained at 12 months. In the subgroup assigned 

angiographic follow-up,  the mean minimum lumen diameter was greater in the stent group than in 

the balloon-angioplasty group, (1.89 [SD 0.65] vs 1.66 [0.57] mm, p=0.0002), which corresponds 

to restenosis rates (diameter stenosis >50%) of  16% and 31% (p=0.0008). In the group assigned 

clinical follow-up  alone, event-free  survival rate at 12 months was higher in the stent group than 

the balloon-angioplasty group (0.89 vs 0.79, p=0.004) at a cost of  an additional 2085 Dutch 

guilders (US$1020) per patient. 

Interpretation 
Over 12 months of  follow-up,  a strategy of  elective stenting with heparin-coated stents is more 
effective  but also more costly than balloon angioplasty. 
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Introduction 

After  the publication of  Benestent-I (73) and STRESS (74), two randomised trials that compared 

elective stenting with balloon angioplasty, there was concern (131) about the risk of  subacute 

occlusion, bleeding, and vascular complications associated with intensive antithrombin therapy, as 

well as about cost increases stemming from  stents, adjunctive balloons, and longer hospital stays, 

although no prospectively collected data on costs were available from  these trials. In addition, the 

homogeneous cohort of  patients with stable disease tested in Benestent-I was not representative of 

the unselected patients treated in routine practice. 

The design of  this study, Benestent-II, aimed to address these various issues. Attention was 

directed to coating the stent with a material that would lower the risk of  abrupt stent closure and 

obviate the need for  anticoagulant therapy, thereby reducing bleeding complications as well as the 

duration of  hospital stay. A heparin-coated stent was tested in the Benestent-II pilot study, in which 

anticoagulation with a Coumadin analogue was replaced by antiplatelet therapy in a stepwise 

manner (132). This pilot study confirmed  that anticoagulant therapy could be withdrawn safely  and 

showed that the heparin-coated stent in combination with two-pronged antiplatelet treatment 

virtually eliminated the risk of  subacute stent thrombosis and resulted in a favourable  event-free 

survival (86%) after  6 months. Gawaz and colleagues (133) have shown that anticoagulation with 

warfarin  and heparin does not prevent the activation of  the IIB/IIIA receptors on the platelets, 

whereas the combination of  ticlopidine and aspirin achieves this goal, thereby greatly reducing the 

incidence of  subacute occlusion, a thrombotic event triggered mainly by platelet aggregation. 

Furthermore, full  deployment of  the stent by high-pressure balloon inflation  under intravenous 

ultrasonographic guidance has reduced the risk of  subacute occlusion (134). 

The Benestent-II study was designed to test the hypothesis that use of  a heparin-coated stent plus 

antiplatelet therapy would result in better event-free  survival at 6 months than that resulting after 

standard balloon angioplasty. Secondary analyses were planned to compare restenosis rate at 6 

months and cost-effectiveness  at 12 months for  the two interventions. Although savings can be 

expected if  there is a reduction in repeat revascularisation procedures, there are still questions of 

whether these savings will compensate for  the higher initial costs and, if  this is not the case, how 

the additional benefits  weigh against the additional costs (135,136). 

112 



Part  2 - Chapter  3 

Methods 

Selection of  patients 

Eligible patients were those scheduled to undergo coronary angioplasty, who had one or more de-

novo lesions due to stable angina or unstable angina (Braunwald class IB, IIB, IC, IIC) (9) who had 

no contraindication to platelet therapy with aspirin and ticlopidine, and who were suitable 

candidates for  coronary-bypass surgery. The protocol required that all the target lesions (if 

multiple) were suitable for  stent implantation (<18 mm in length and located in a vessel of  diameter 

>3.0 mm, supplying viable myocardium). We excluded patients with a left  main lesion, a lesion at 

a bifurcation  with a large side branch of  diameter greater than 2.0 mm, or a lesion in a previously 

grafted  vessel, as well as patients with an ejection fraction  of  less than 30% and those with an 

evolving myocardial infarction  within the week before  randomisation. The study was carried out 

according to the Declaration of  Helsinki. Written informed  consent was obtained from  all 

participating patients. 

Procedures 

Balloon angioplasty and stent implantations were performed  according to standard clinical practice 

by the femoral  approach. Customised stents of  three lengths (10 mm, 15 mm, 20 mm) were 

available for  the stent group. Dilation at high pressure (< 1213 kPa) after  stent implantation was 

recommended, but the use of  intravascular ultrasonography for  stent deployment was left  to he 

discretion of  the physician. 

Patients were randomly assigned treatment by telephone from  a central office.  The randomisation 

schedule was block-wise and determined by a computer-generated list of  random numbers. During 

either procedure all patients were treated with a bolus of  10,000-15,000 U heparin, repeated if 

necessary. Those assigned stent implantation received 250 mg ticlopidine daily for  1 month. All 

patients received more than 100 mg aspirin daily for  6 months. At 15 days follow-up,  platelets and 

leucocytes were measured in both groups. 
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Clinical and angiographic follow-up 

Patients were seen at the outpatients clinic after  15 days, 6 months (±1 month), and 12 months (±1 

month) for  interview, physical examination, and electrocardiogram. Patients who underwent stent 

implantation were also seen at 1 month for  haematological monitoring. In contrast with previous 

trials (Benestent-I, Benestent-II pilot), exercise testing and declaration of  intent of  repeat 

intervention were not required by the protocol. 

To enable assessment of  the natural course and treatment of  the disease without interference  from 

investigations required by the protocol and the rate of  restenosis by angiographic assessment, a 

one-to-one subrandomisation was carried out, with patients assigned either clinical follow-up  alone 

or angiographic and clinical follow-up. 

In the group subrandomised to angiographic follow-up,  three angiograms were obtained for  each 

patient: one immediately before  the intervention, one immediately after  the intervention, and one 

after  6 months. If  a revascularisation procedure involving the treated segment had been done before 

the 6-month angiogram, the most recent angiogram obtained before  that was analysed. To 

standardise the method of  data acquisition and to ensure the exact reproducibility of  post-

intervention and follow-up  angiograms, all angiograms were sent to the core laboratory 

(Cardialysis, Rotterdam, Netherlands) and analysed by the Cardiovascular Angiography Analysis 

System (73,67). Although the patient's treatment assignment could not be concealed from  the core 

laboratory, the laboratory's rule is to interfere  as little as possible with the result of  the automated 

edge detection, with quantitative documentation of  any manual correction of  coronary edges by 

analysts (5.84% in the stent group vs 6.48% in the balloon angioplasty group, p=0.18). 
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Endpoints 

The primary clinical endpoint was a composite of:  death, myocardial infarction,  bypass surgery, or 

a repeat percutaneous intervention involving the previously treated lesion between the time of  the 

initial procedure and the outpatient visit at 6 months (±4 weeks). At the time of  the 6-month visit, 

symptoms, functional  class, and the results of  functional  testing (if  done) were documented. All 

events were adjudicated by a clinical events committee, the members of  which were unaware of 

treatment assignment. 

Death was defined  to include all deaths, irrespective of  cause. Myocardial infarction  was diagnosed 

if  there were new pathological Q waves according to the Minnesota code (117), or if  there was in 

increase in serum creatine kinase to more than twice the normal value, together with a pathological 

increase in concentrations of  myocardial isoenzymes. 

Bailout stenting, after  inflation  (>5 min) with a perfusion  balloon or a conventional balloon, was 

allowed if  one of  the following  occurred: a stenosis of  more than 50% diameter, preferably 

assessed by quantitative coronary angiography on-line in one or more views, despite repeat balloon 

dilations; the occurrence of  ischaemia (with documented ST changes or pain), and a dissection of 

type C; a dissection of  type D, E, or F; a fall  in TIMI flow  grade of  at least one grade; or a TIMI 

flow  grade of  0 or 1. 

Repeat interventions were those involving a previously treated lesion that followed  the initial 

procedure, which was judged to be complete when the guiding catheter was removed from  the 

arterial sheath. Revascularisation (surgical or percutaneous) of  other coronary arteries was not an 

endpoint. 

The angiographic endpoint in the group assigned angiographic follow-up  was the minimum lumen 

diameter at follow-up  for  each treated segment. This value was calculated from  the mean values 

obtained in multiple matched projections and was not measured in the worst view, since we have 

previously shown that a single-view assessment would significantly  underestimate the 

(asymmetric) enlargement of  the lumen after  balloon dilation (137). 
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Secondary endpoints were angiographic success rate (defined  as a post-procedural stenosis of 

<50% diameter by core laboratory analysis); procedural success rate (defined  as a post-procedural 

stenosis of  <50% diameter by quantitative assessment and no clinical events during hospital stay); 

functional  class according to the Canadian Cardiovascular Society at 6 months or at the time of 

reintervention; restenosis at 6 months (diameter stenosis >50% at follow-up);  major bleeding 

complications (73,132); vascular complications that necessitated surgical intervention or blood 

transfusion;  and cost-effectiveness  at 12 months. 

Cost-effectiveness 
The balance between costs and effects  after  12 months was addressed by calculation of  the 

incremental cost-effectiveness  ratio (the average 1-year cost per patient with stent implantation 

minus the average 1-year cost with balloon angioplasty divided by the percentage reduction in 

event-free  survival after  1 year) and the average cost-effectiveness  ratios for  both stenting and 

angioplasty (the average costs per patient divided by the percentage of  event-free  survivors) (138). 

The reported cost-effectiveness  analysis was based solely on the patients assigned clinical follow-

up alone. In this group, revascularisations are driven by ischaemic symptoms, so differences  in 

event-free  survival can be assumed to indicate differences  in quality of  life.  This assumption may 

not necessarily be valid for  the group with angiographic follow-up,  in which angiographic findings 

might affect  both costs and effects  (measured as event-free  survival) artificially. 

The analysis of  costs was limited to the direct medical costs. These concern resource use during the 

initial procedure (number of  balloons, type and number of  stents, type and number of  catheters), 

hospital admissions (coronary-care unit, intensive-care unit, general ward), and major curative and 

diagnostic procedures after  the initial procedure. 

Costs per patient were calculated as the product of  each patient's use of  resources and the 

corresponding unit cost. Data on use of  resources were collected from  the case record form,  but 

patients were also given a passport so that the corresponding information  could be recorded if  they 

were treated in other hospitals. Units costs were estimated (before  analysis of  data) on the basis of 

detailed information  from  the Dijkzigt Hospital, Rotterdam, by a similar approach to that reported 

previously (139). Information  on the price of  the premounted heparin-coated stent was obtained 

from  the manufacturer. 
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Statistical analysis 
At the start of  the study, the size of  the required sample (2 x 412 patients) was based on a single 

comparison between the two study groups, on the assumption of  a clinical event rate of  30% in the 

balloon-angioplasty group and 20% in the stent group, resulting in a power of  0.90. For the 

angiographic endpoint (minimum lumen diameter at 6 months) in the subrandomised group with 

angiographic follow-up,  we expected a difference  of  0.15 mm between the stent and balloon-

angioplasty groups. With 412 patients in this subrandomised group, and 100% angiographic 

follow-up,  a power of  86% was expected. The size calculations assumed a two-sided type I error 

level of  0.05. 

Continuous variables were compared by the unpaired Student t test. Fisher's exact test was used for 

categorical variables and the Wilcoxon rank-sum test for  categorical variables with an ordinal 

scale. Discrete variables were compared in terms of  relative risks (for  stenting compared with 

angioplasty) with 95% CI calculated by the formula  of  Greenland and Robins (118). All statistical 

tests were two-tailed. No adjustments were made for  multiple comparisons. 

Event-free  survival distribution was estimated by the Kaplan-Meier method and the overall rate of 

major adverse cardiac events was tested by the log-rank test. Differences  in use of  resources were 

tested parametrically (t test) and non-parametrically (Mann-Whitney U test). Average and 

incremental cost-effectiveness  ratios were expressed with 95% CI by Fieller's approximation (140). 

Costs and effects  are also expressed in a two-dimensional plane with effects  on the horizontal axis 

and cost on the vertical axis (141). Within this plane the uncertainties surrounding the estimates are 

expressed by confidence  ellipses (135). 
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Results 
Characteristics of  patients 
Between September, 1995, and March, 1996, 827 patients were randomly assigned stent 

implantation (414 patients) or balloon angioplasty (413 patients) at 50 participating centres (Figure 

1). Four patients were excluded from  the intention-to-treat analysis because they did not undergo 

coronary revascularisation; their lesions were shown to be angiographically non-significant  during 

on-line quantitative coronary angiography at the time of  the intended intervention. The 1-year 

follow-up  of  these four  patients was uneventful.  There were no differences  between the study 

groups in baseline characteristics (Table 1) or angiographic/procedural characteristics (Table 2). 

827 patients enrolled 
and randomised 

1' i r 
414 assigned 

stent implantation 
413 assigned balloon 

angioplasty 

208 assigned 
angiographic and 
clinical follow-up 

1 did not undergo 
revascularisation 

{no lesion) 

206 assigned 
clinical follow-up 

only 

413 in intention-to-
treat analysis 

12 lesion could 
not be crossed 

7 PTCA 
4 non-heparin-
coated stent 
1 CABG 

2 prediction 
failure (treated 

by CABG) 

339 stent implanted 
successfully 

210 assigned 
angiographic and 
clinical follow-up 

203 assigned 
clinical follow-up 

only 

3 did not undergo 
revascularisation 

(no lesion) 

410 in intention-to-
treat analysis 

55 received 
bailout stent 

2 PTCA failure 
(treated by 

CABG) 

353 successful 
balloon angioplasty 

Figure 1: Trial profile.  The numbers screened and excluded were not recorded. 
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Characteristic Balloon angioplasty Stent 
(n=410) (n=413) 

Demography 
Mean (SD) age (years) 59(11) 50 (10) 
Male/female 327/83 319/94 
Risk factors 

Ever smoked 196 (48%) 189(46%) 
Current smoker 99 (24%) 111 (27%) 
Diabetes mellitus 44(11%) 55 (13%) 

Previous disorders 
Myocardial infarction 114 (28%) 102(25%) 
Coronary-artery bypass grafting 6 (2%) 8 (2%) 
Angioplasty 31 (8%) 29 (7%) 
Hypertension 167 (41%) 160 (39%) 
Hypercholesterolaem ia 183 (45%) 189 (46%) 
Stroke 8 (2%) 9 (2%) 
Peripheral vascular disease 13 (3%) 23 (6%) 
Family history 135 (33%) 160 (39%) 

Unstable angina* 
Any 163 (40%) 184 (45%) 
I(ABC) 48 (12%) 52 (13%) 
II (ABC) 115 (28%) 131 (32%) 

Stable angina# 
Any 217(53%) 207 (50%) 
I 31 (8%) 15 (4%) 
II 103 (25%) 95 (23%) 
III 77(19%) 91 (22%) 
IV 6 (2%) 6 (2%) 

Silent ischaemia 29 (7%) 22 (5%) 

*Braunwald class (9) 
#Classification  system of  Canadian Cardiovascular Society. 

Table 1: Baseline characteristics of  participating patients. 
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Characteristic Balloon angioplasty Stent 
(440 lesions) (448 lesions) 

Artery dilated 
138(31%) Right coronary 131 (30%) 138(31%) 

Left  anterior descending 227 (52%) 225 (50%) 
Left  circumflex 82 (19%) 85 (19%) 

Type of  lesion' 
33 (7%) Type A 27 (6%) 33 (7%) 

Type B1 165 (38%) 170 (38%) 
Type B2 243 (56%) . 244 (55%) 
Type C 3 (0.7%) 1 (0.2%) 
Occlusion (TIMI 0,1 )# 5 (1.1%) 4 (0.9%) 
Calcified 131 (30%) 120 (27%) 

Mean (SD) morphological measures* 
8 2 (2.5) Length (mm) 8.7 (2.8) 8 2 (2.5) 

Balloon/stent artery ratio 1.17(0.15) 1 18(0.15) 
Nominal largest balloon size (mm) 3.40 (0.40) 3.44 (0.39) 
Maximum pressure (kPa) 1011 (303) 1516 (303) 
Total inflation  (s) 371 (286) 219(158) 

Dissection seen at end of  procedure§ 
Total 210(48%) 65(15%) 
TypeA/B 163 (37%) 47 (10%) 
Type C/Dl 46(11%) 14 (35%) 
Type D2/E/F 1 4 

"According to definition  of  Ellis et al (142) 
#According to TIMI Study Group (11) 
*Vanability within and between observers has been reported previously (143) 
§According to the classification  system of  Dorros et al (144)) 

Table 2: Angiographic characteristics of  888 lesions in 823 patients included in 
intention-to-treat analysis. 
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Clinical outcome at 1 month 
Of  the 413 patients randomly assigned heparin-coated stent implantation who underwent 

revascularisation procedures, 14 (3.4%) did not receive the assigned intervention but were instead 

treated successfully  with balloon angioplasty (seven), a non-heparin-coated stent (four),  or bypass 

surgery (three, urgent in two and elective in one). For all 14 patients, the reason for  change of 

procedure was that the lesion could not be crossed with the delivery system. Of  the 410 patients 

randomly assigned balloon angioplasty who underwent revascularisation procedures, 55 (134%) 

received bailout stems. The urgent nature of  these crossovers was confirmed  in all patients after 

adjudication by the critical events committee. In each group, two patients were referred  for  urgent 

bypass surgery because of  a failed  attempt to cross the lesion with the guidewire. Thus, the 

angiographic success rate was 99% in both groups, and the procedural success rate was 96% in the 

stent group and 95% in the balloon angioplasty group, if  bailout stenting is considered an integral 

part of  the angioplasty procedure rather than a procedural failure. 

Angiographically documented stent thrombosis during the first  30 days occurred in only one 

patient (0.2%), and subacute vessel closure after  balloon angioplasty occurred in seven patients 

(1.7%). No stent thrombosis occurred in the 55 patients treated by bailout stent. The rates of 

bleeding and vascular complications were low and similar in the stent and balloon-angioplasty 

groups (1.2 vs 1.0%). The mean hospital stay was 2.8 days in the stent group and 2.3 days in the 

balloon-angioplasty group. 

Ten patients prematurely discontinued ticlopidine therapy because of  adverse reactions (six skin 

rash; two nausea, malaise, and light-headedness; one gastrointestinal disorder; one fever  and 

arthralgia), leucopaenia, neutropaenia, and thrombocytopaenia were not detected at 15 days or 30 

days. 
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Clinical outcome at 6 and 12 months 

The total number and ranking of  clinical events by 1, 6, and 12 months of  follow-up  are shown in 

Table 3. 

Event and time of  follow-up Balloon Stent Relative risk Event and time of  follow-up 
Angioplasty (n=410) (n=413) (95%) 

Death 
1 month 1 (0.2%) 0 
6 months 2 (0.5%) 1 (0.2%) 
12 months 4 (1.0%) 4 (1.0%) 
All events' 4 (1.0%) 4 (1.0%) 0.99 (0.25-3.94) 

Q-wave myocardial infarction 
1 month 4 (1.0%) 5 (1.2%) 
6 months 5 (1.2%) 7(1.7%) 
12 months 6 (1.5%) 8 (1.9%) 
All events' 7 (1.7%) 8 (1 9%) 1.14(0.42-3.10) 

Non Q-wave myocardial infarction 
1 month 9 (2.2%) 6(1.5%) 
6 months 10 (2.4%) 6(1.5%) 
12 months 12 (2.9%) 6(1.5%) 
AH events' 12(2.9%) 6(1.5%) 0.63 (0.25-1. 61) 

Coronary-artery bypass surgery 
1 month 2 (0.5%) 3 (0.7%) 
6 months 6 (1.5%) 6(1.5%) 
12 months 6 (1.5%) 8 (1.9%) 
All events' 9 (2.2%) 10 (2.4%) 1.10(0.45-2.69) 

Repeat PTCA 
1 month 5(1.2%) 2 (0.5%) 
6 months 56 (13.7%) 33 (8.0%) 
12 months 64(15.6%) 39 (9.4%) 
All events' 73 (17.8%) 49(11.9%) 0.67 (0.48-0.93) 

Any of  the above major adverse cardiac events 
1 month 21 (5.1%) 16 (3.9%) 0.76 (0.40-1.43) 
6 months 79 (19.3%) 53 (12.8%) 0.67 (0.48-0.92) 
12 months 92 (22.4%) 65 (15.7%) 0.70 (0.53-0.93) 

No major adverse cardiac events 
1 month 389 (94.9%) 397 (96.1%) 
6 months 331 (80.9%) 360 (87.2%) 
12 months 318(78.0%) 348 (84.3%) 

Any event 
12 months 92 (22%) 65 (16%) 0.70 (0.53-0.93) 

Severity of  clinical outcome (Wilcoxon rank-sum test) at 1 month p =0.39 at 6 
Months p =0.016: at 12 months P =0.021. 
'Total number of  patients related to tabulated event at 12 months. 
t p=0.02 (Fisher's exact test). 

Table 3: Frequency of  primary clinical endpoints during follow-up 
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The primary clinical endpoint (major adverse coronary events at 6 months) was reached by 79 

(19.3%) of  the 410 patients assigned balloon angioplasty compared with 53 (12.8%) of  the 413 

patients assigned stent implantation (relative risk 0.67 [95% CI 0.48-0.92], p=0.013), This 

difference  in long-term clinical outcome, including the 12-month follow-up,  is shown in the 

Kaplan-Meier estimates of  event-free  survival for  both treatment groups (Figure 2) as well as for 

the subrandomised groups assigned either angiographic and clinical follow-up  or clinical follow-up 

alone. The better long-term outcome in the stent group is also partly reflected  in the difference 

between the two groups in functional  class at 6 months or at the time of  any intercurrent repeat 

intervention (Table 4). The most striking difference  in clinical outcomes between the study groups 

was in the need for  an elective repeat revascularisation by means of  percutaneous intervention 

involving the target lesion (Table 3); at 12 months the proportion having repeat revascularisation 

was 33% lower in the stent group (relative risk 0.67 [0.48-0.93], p=0.018). 

Balloon angioplasty Stent 
(n=410) (n=413) 

No angina/asymptomatic 283 (70%) 315(77%) 
Braunwald class (9) 

283 (70%) 315(77%) 

All 29 (7%) 13 (3%) 
IA 1 2 
IB 4 1 
IIB 7 3 
IIIB 17 7 

Canadian Cardiovascular Society class 
1-4 84(21%) 76(18%) 
1 27 24 
2 38 42 
3 18 10 
4 1 0 

Silent 11 (3%) 7 (2%) 
Unknown 3 2 

Wilcoxon test (p=0.012) for  variable functional  class classified  by variable treatment 
(stent or angioplasty). 

Table 4: Functional class at 6 months' follow-up  or at time of  repeat intervention 
for  823 patients in intention-to-treat analysis. 

123 



Part  - Chapter 

All patients 

Patients with angiographic follow-up 

Patients without angiographic foflow-up 

Time (days) 

Figure 2: Event-free  survival (Kaplan-Meier curves) at 12 months of  all patients (n=823) included in 
intention-to-treat analysis and of  patients assigned clinical and angiographic follow-up  or 
clinical follow-up  alone. 
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Among patients assigned clinical follow-up  alone the difference  between the stent and balloon-

angioplasty groups in the need for  percutaneous intervention was significant  (53%; 0.47 

[0.26-0.85], p=0.012), whereas that among patients assigned angiographic and clinical follow-up 

was non-significant  (19%; relative risk 0.81 [0.54-1.23], p=0.385). The difference  between these 

relative risks is not significant  (Breslow-Day test for  homogeneity of  odds ratios, p=0.16). 

Angiographic follow-up  was obtained for  92% of  the eligible patients in the group assigned 

angiographic and clinical follow-up  (Table 5). The minimum lumen diameter at follow-up  was 

significantly  greater after  stent implantation than after  balloon angioplasty. The restenosis rate was 

significantly  lower after  stent implantation than after  balloon angioplasty. 

Balloon 
angioplasty 

Stent P 

Reference  diameter (mm) 
(n=209) (n=207) 

Reference  diameter (mm) 
(n=207) 

Before  intervention 2.93 (0.50) 2.96 (0.48) 0.48 
After  intervention 2.98 (0.44) 3.19(0.39) <0.001 
Follow-up 2.93 (0.49) 2.90 (0.54) 0.63 

Minimum lumen diameter (mm) 
2.90 (0.54) 

Before  intervention 1.08 (0.31) 1.08 (0.28) 0.89 
After  intervention 2.13(0.39) 2.69 (0.37) <0 001 
Follow-up 1.66(0.57) 1.89 (0.65) 0.0002 

Diameter stenosis (%) 
1.89 (0.65) 

Before  intervention 63 (10) 63 (9) 0.89 
After  intervention 29 (8) 16(7) <0.001 
Follow-up 43 (17) 35(17) <0.001 

Restenosis rate 31% 16% 0.0008 
Change in lumen diameter 

Gain (mm) 1.05 (0.41) 1.61 (0.39) <0.001 
Loss (mm) 0.46 (0.55) 0.80 (0.54) <0.001 
Net gain (mm) 0.58 (0.57) 0.80 (0.62) 0.0002 

Values are mean (SD). 

Reference  values are interpolated diameters of  normal vessels: gain=minimum lumen diameter after  procedure 
minus value obtained before  procedure: loss=minimum lumen diameter after  procedure minus follow-up 
value: net gain=minimum lumen diameter at follow-up  minus value obtained before  procedure. 

Table 5: Immediate and long-term angiographic results among patients assigned 
angiographic follow-up. 
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Cost-effectiveness 
The initial costs are significantly  higher for  a strategy starting with stent implantation than for  a 

strategy starting with angioplasty. We estimated total costs per patient by multiplying resource 

utilisation variables by unit cost estimates (Table 6). The differences  in the cost of  the initial 

procedure were mainly related to the use of  balloons and the cost of  the stent itself.  Part of  the 

initially higher cost (Dfl  2609) was recouped during the follow-up  period, because there were 

significantly  fewer  revascularisations in the stent group. At 1 year the difference  between the 

groups was Dfl  2085. The average cost-effectiveness  ratio (calculated from  the average total costs 

(Table 6) and the event-free  survival [0.79 balloon angioplasty vs 0.89 for  stent, p=0.004] was Dfl 

21,309 (95% CI 18,348-24,105) for  balloon angioplasty and Dfl  21,073 (18,638-23,263) for  stent. 

Figure 3 indicates both costs and effects  in a two-dimensional plane together with the estimated 

uncertainties. When limited to the direct medical costs, the incremental cost-effectiveness  ratio is 

estimated to be Dfl  19,358, which is not significantly  different  from  the average cost-effectiveness 

ratios. 
Resource Unit cost Average cost per patient P 
utilisation (Dfl) (Dfl) 

Balloon Stent Balloon Stent 
angioplasty angioplasty 
(n=201) (n=205) (n=201) (n=205) 

Procedure costs (average resourc use 
per patient) 

3929 1.0 Fixed procedure costs 1 1 3929 3929 3929 1.0 
Contrast medium (ml) 232 261 1 232 261 0.015 
Guiding catheter 1.14 1.28 280 319 359 0.014 
Guide wire 1.12 1.18 240 269 282 0.20 
Balloon 1.38 1.70 900 1238 1528 <0.0001 
Stent 0.19 1.17 2200 413 2565 <0.0001 
Intravenous ultrasound catheter 0.03 0.07 1800 45 123 0.039 
Total procedure costs 6445 9055 <0.0001 

Follow-up costs (total count) 
0.26 Repeat PTCA 9 13 6681 273 461 0.26 

Repeat stent 24 5 9837 1142 248 0.001 
Coronary-artery bypass surgery 2 2 19,000 190 185 0.98 
Angiography 41 30 4037 828 591 0.13 
Blood transfusions 0 1 118 0 1 0.32 
Hospital stay (days per patient) 

3250 0.39 Coronary care unit 1.30 1.52 2135 2772 3250 0.39 
Intensive-care unit 0.03 0.04 2509 73 112 0.71 
Other 4.15 4 09 1034 4289 4226 0.92 

Total follow-up  costs 9567 9073 0.66 
Total costs per patient 16,727 18,812 0.068 

Dfl=Dutch  guilders: 1 Dfl  = US$2,045 

Table 6: Costs and efficiency  after  12 months 

126 



Par - Chapter 

7 - 5 - j 

6 - 0 -

~ 4 - 5 -

% 3 - 0 -
<0 
a 1 - 5 -

8. 0 
W A C 

o - 3 - 0 H 

- 4 * 5 H 
0) 
^ - 6 - O H 

3 - 7 5 J 

Stents less effective  and 
more costly 

Stents less effective  and 
less costly 

Stents more effective  and 
more costly 

Stents more effective  and 
less costly 

1 1 1 1 1 1 1 1 
- 2 0 - 1 5 - 1 0 - 5 0 5 1 0 1 5 2 0 

Difference  in event-free survival (%) 

Figure 3: Average and incremental cost-effectiveness 

Outer ellipse = smallest area containing, with 95% probability, average costs and 
effects. 

Middle ellipse = that area with 50% probability: inner ellipse = that area with 5% 
probability. 

Centre of  ellipses = point estimate of  both average costs and effects. 
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Discussion 
This study confirms  that stenting has a preventive effect  on restenosis. It also confirms  that the 

combined use of  two antiplatelet drugs, aspirin and ticlopidine, is safe  and effective  in preventing 

stem thrombosis (145). 

Although this trial was not specifically  designed to investigate the value of  the heparin coating, 

among the 721 patients (with various ischaemic syndromes including acute myocardial infarction 

(146) who have received heparin-coated stents in the past, only one patient has so far  presented 

with an angiographically demonstrated subacute stent thrombosis (132). The effects  of  coating 

have been shown extensively in animals (147,148). On the other hand, an antiproliferative  effect  of 

the coating may reasonably be ruled out, since the 6-month angiographic results are largely 

predicted on the basis of  a multivariate analysis derived from  Benestent-I, taking into account 

vessel size, minimum lumen diameter, and the type of  vessel stented (132,149). Whether coating 

can be used as the only strategy for  the prevention of  thrombosis, without the adjunctive use of 

aspirin and ticlopidine, is still to be established. 

Since a randomised trial has shown that ticlodipine significantly  reduces the rate of  acute 

complications after  balloon angioplasty (150), one criticism of  our trial is that ticlopidine should 

have been required as a component of  treatment after  balloon angioplasty. When the trial was 

designed, however, ticlopidine was not viewed as part of  the standard post-intervention drug 

regimen because of  the inherent risk of  leucopaenia, neutropaenia, and thrombocytopaenia. The 

question remains whether even more potent antiplatelet agents (eg, abciximab) have the potential to 

reduce the need for  stenting and thereby influence  both outcome and costs. The Epistent trial (151) 

has shown that the best 30-day outcome (death, myocardial infarction,  target-vessel 

revascularisation) is obtained by the combination of  stent and abciximab (5.3%); the rate of  this 

outcome was 6.9% with balloon angioplasty plus abciximab, and 10.8% with stent plus placebo. 

These differences  in early outcome depend mainly on enzyme release, and there was no difference 

in target-vessel revascularisation or coronary-artery bypass surgery - curative procedures with 

major bearing on costs. The long-term results of  the Epistent trial are not yet available but should 

confirm  the preventive effect  of  scenting on restenosis. However, until those results are available 

we can only speculate that abciximab will reduce the need for  stenting. The rate of  bailout stenting 

in Epistent is 19.3%, compared with 13.4% in the balloon-angioplasty group in Benestent-II. 
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To date, a specific  effect  of  abciximab on prevention of  restenosis has not been demonstrated, at 
least in a stent population (152). 

Randomised comparisons of  a new device with standard balloon angioplasty cannot be masked, 

and their composite primary clinical endpoint is strongly affected  by the rate of  reintervention. 

These trials are thus potentially subject to serious bias, particularly if  an angiographic assessment is 

an integral part of  the trial. Investigators may be tempted to reintervene preferentially  in one of  the 

two arms of  the trial because a partial restenosis is seen on angiography but without any clinical 

justification  (symptoms or signs of  ischaemia). Furthermore, an investigator may unconsciously 

deny a necessary treatment to a patient with symptoms because of  a conviction that the treatment 

applied is the superior one. The only way to prevent these events is to regulate strictly and 

prospectively the indication for  reintervention (eg, exercise testing before  re-catheterisation, 

declaration of  intention to treat based on symptoms and signs of  ischaemia, angiographic criteria of 

reintervention analysed on-line). In this trial, we wanted to document the natural course of  the 

disease and the spontaneous behaviour of  the interventional cardiologists, taking into account their 

current psychological diagnostic and therapeutic bias so as to assess the real efficacy  and cost-

effectiveness  of  the two treatment strategies. A good cost-effectiveness  analysis must reflect  the 

real world of  patient care. Furthermore, we wanted to have the mechanistic proof,  objectively 

assessed, that one treatment was better than the other in the prevention of  restenosis. Therefore,  we 

incorporated in this trial a one-to-one subrandomisation, assigning patients either clinical follow-up 

alone or angiographic and clinical follow-up.  The difference  in clinical outcome between the two 

subgroups was striking (Figure 2), which emphasises the intrinsic complexity of  this type of 

unmasked trial in which the investigational observation (angiography) affects  the observed 

phenomenon (need for  reintervention). The proportion of  restenoses among patients with 

angiographic follow-up  who underwent a repeat intervention was lower in the stent group than in 

the balloon angioplasty group (67 vs 88%). This finding  illustrates the selective impact of  the 

tendency to intervene on the basis of  the angiographic appearance. The stent-group patients with 

angiographic follow-up  underwent 2.5 times more interventions (13.5 vs 5.4%) than did those 

followed  up clinically; the ratio was only 1.5 (18.7 vs 12.4%) for  patients treated with balloon 

angioplasty. 
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The striking fact  that the difference  in clinical outcome is essentially due to more reintervention in 

the balloon-angioplasty group subrandomised to clinical follow-up  alone merits further 

consideration. Knowledge that the patient had received a stent could reassure the treating 

physicians and allow them to feel  able to avoid regular control, unscheduled angiography in case of 

atypical chest pain, and re-intervention. On the other hand, for  a patient without a stent, the well-

known rate of  recurrence may put the threshold for  an additional exercise test, angiography, and 

stent implantation very low. The aim of  our cost-effectiveness  analysis was to reflect  this natural 

pattern of  thinking. The rate of  stent implantation at repeat intervention was significantly  higher in 

the non-stented group than in the stent group (24/33 vs 5/18, p=0.003) and was also higher than the 

rate of  bailout stenting (13.4%) during the initial procedure. The difference  in cost during follow-

up obviously lies, therefore,  in investment in stenting in the balloon-angioplasty group. There are 

two apparent explanations for  this natural pattern of  thinking and action: first,  at the time of  the 

reintervention patients may have requested the new method of  treatment (stent) that they had been 

denied by randomisation when enrolled in the study; second, the treating physicians, aware of  the 

good results of  the stent treatment in restenotic lesions (153), did not want to deprive their patients 

of  a proven beneficial  treatment. The low rate of  reintervention at 6 months in the stent group 

without angiographic follow-up  (5.4%) may be the result of  an unconscious treatment denial in 

these patients. This explanation seems unlikely, however, because the outcome at 12 months was 

unchanged. 

The short-term and long-term consequences of  the tendency to reintervene on the basis of 

angiographic appearance alone are unknown. An investigation by Rupprecht and colleagues (154) 

suggested that patients with angiographic follow-up,  have in the short term (6 months), a higher 

rate of  reintervention than those without such follow-up,  but that the latter group has in the long 

term (10 years) a higher mortality. This finding  indicates that the tendency to reintervene on the 

basis of  the angiographic appearance might have long-term therapeutic value; this concept should 

be prospectively investigated. 
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The good results with stent implantation are expressed not only by the efficacy  data but also by the 

cost-effectiveness  data. We emphasise that the cost-effectiveness  of  the present analysis is based on 

the quite high costs of  one selected Dutch university hospital, but it can be extensively modulated 

according to the financial  standards in other European or US hospitals. Estimates can be obtained 

by use of  the local unit cost estimates and the corresponding data on use of  resources. We found 

that the current price of  the stent and delivery system has such a prominent role that stenting could 

readily be made more cost-effective,  simply by a reduction in the price of  the device (currently Dfl 

2200). 

Typically, cost-effectiveness  analysis concentrates on life-years  gained and quality-adjusted life-

years gained; long-term follow-up  over many years is thus necessary to assess fully  the relative 

value of  a particular strategy. Our study collected quality-of-life  data before  randomisation, at 15 

days, and at 6 and 12 months. A first  analysis of  the completed questionnaires showed that the non-

response rate was higher among patients with events than among those without; therefore 

interpretation of  the available information  is difficult,  and further  analyses are needed. 

The fundamental  question raised in the trial is whether a strategy of  elective stenting is legitimate 

in all patients. Although the study's inclusion criteria were broader than those of  previous trials, the 

population recruited was still characterised by a moderate degree of  clinical instability in patients 

with a single (in 93%), short (less than 18 mm), simple lesion in a vessel of  diameter 3 mm or 

more. 

The clinical outcome of  the stent group at 6 months (12.8% clinical events) is as expected from  the 

Benestent-II pilot study (132). We were surprised at the good clinical outcome (19.3% clinical 

events) in the balloon-angioplasty group. This result may be partly explained by a 13.4% rate of 

justified  bailout stenting. Despite the highly successful  outcome with aggressive angioplasty and 

bailout stenting in this study, the relative risks of  angiographic restenosis (0.54), major cardiac 

events at 6 months (0.66), and target-lesion revascularisation (0.60) in the patients assigned clinical 

but not angiographic follow-up  confirm  the substantial superiority of  stenting to angioplasty in this 

population. 
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Benestent-II Study Group 

Safety  Committee  - P Hugenholtz (Erasmus University Rotterdam, Netherlands), E Topol 

(Cleveland Clinic Foundation, USA), H Rigter (Health Insurance Fund, The Hague, Netherlands), J 

Tijssen (Academic Medical Centre, Amsterdam, Netherlands). 

Steering  committee  - P W Serruys (chairman), H Emanuelsson, B Firth, B van Hout, M Morel. 

Critical  events Committee  - P Ruygrok (chairman), S Klugmann, P van den Heuvel. 

Angiographic  assessment committee  - R Simon (chairman), C Hanet, M Haude, F 

Fernandez-Aviles, V Legrand. 

Data-coordinating  and analysis  centre  - Cardialysis, Rotterdam, Netherlands (M Morel, G A van 

Es, R Melkert, M van den Brand, Diny Amo, Ina Hoekman, Marijke Kuijpers) and Institute for 

Medical Technology Assessment, Erasmus University Rotterdam, Netherlands (B van Hout, B 

Koens). 
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Abstract 

Objectives 

To assess whether angiography six months after  coronary balloon angioplasty (BA) or stent 

implantation (SA) has an influence  on clinical management and one-year outcome. 

Background 
The Benestent II study randomised 827 patients to BA or SA. A subrandomisation was undertaken 

allocating patients to six-month clinical follow-up  (CF) or clinical and angiographic follow-up  (AF). 

Methods 
Seven hundred and six patients (349 CF and 357 AF) had no intercurrent angiography, so that 

restenosis and disease progression elsewhere remained unknown till the time of  six-month follow-

up. These two groups, which were well matched at enrolment, were compared with respect to 

symptoms, medication and major cardiac events defined  as death, myocardial infarction  and need 

for  revascularisation at 6 and 12 months. 

Results 
At 6 month follow-up  53 (15%) of  the CF and 76 (21%) of  the AF patients had stable angina 

(p=0.041), while 5 (1%) and 4 (1%) had symptoms of  unstable angina. At 12 month follow-up  44 

(13%) patients in both groups had stable angina and only one patient in the CF group had unstable 

angina. Seventy-seven patients (27 CF and 50 AF; p<0.01) had major cardiac events between 6 and 

12 months. Of  the 349 patients in the CF group 21 underwent rePTCA or CABG between 6 and 12 

months compared to 44 of  the 357 patients in the AF group (RR 2.05 [1.24-3.37], p=0.003). 

Conclusions 
Patients who had AF six months after  BA or SA experienced more repeat revascularisation 

procedures than those who had CF. They also had significantly  more angina at 6 months follow-up 

but this may be due to bias. 
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Introduction 

Since the introduction of  percutaneous coronary angioplasty (PTCA) by Andreas Gruentzig in 1977 

(27) and intracoronary stenting less than a decade later (66), there has been a plethora of  studies, 

randomised and non-randomised, that have exploring equipment and technique refinements.  These 

studies have guided angioplasty to the safe  and effective  procedure we practice today (155). In 

order to arrive at this state, clinical researchers in coronary angioplasty have relied on the goodwill 

and trust of  their patients. Many studies have requested a follow-up  angiogram 6 months after 

enrolment (73,74) in order to assess the rate of  restenosis. Additionally, some centres continue to 

advocate angiography routinely 6 months after  angioplasty (154). Such a procedure has an 

associated risk of  morbidity and mortality, and albeit small (156-158), those centres may wish to 

consider discontinuing this practice. The dilemma of  whether to reintervene in a patient who is 

asymptomatic but has angiographic evidence of  restenosis often  arises. The question of  whether 

reintervention is beneficial  or detrimental to such a patient if  the only indication for  angiography 

was to comply with a research protocol, is often  asked (159). The Benestent II study randomised 

827 patients to stent implantation or conventional balloon angioplasty (160). A subrandomisation 

was performed  with 416 patients allocated 6 month clinical follow-up  alone and 411 allocated both 

angiographic and clinical review. The differences  between these groups in terms of  management and 

outcome are explored in this paper. 
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Methods 

Patient selection and procedure 
Eight hundred and twenty seven patients with stable and unstable angina (Braunwald class I and II) 

and one or more de novo lesions measuring less than 18mm in length in native coronary arteries 

>3.Omm diameter, were randomised to balloon angioplasty or heparin coated Palmaz-Schatz stent 

implantation according to the Benestent II study protocol (160). All patients received aspirin for  at 

least 6 months and those that were stented received ticlopidine 250mg daily for  one month. 

Follow-up 
Patients were reviewed after  15 days, 6 months and 12 months and clinical data which included 

symptomatic status, examination findings,  medication, clinical events and an assessment of  quality 

of  life  were recorded. Additionally, at the time of  recruitment, a subrandomisation was undertaken, 

assigning half  the patients to a follow-up  angiogram 6 months following  the initial procedure. The 

protocol required a clinical review prior to angiography in those who were assigned to the 

angiographic follow-up  group. 

A detailed analysis was undertaken in order to determine whether 6 month angiography, and thus 

knowledge of  the coronary anatomy, influenced  the decision to perform  a further  intervention, 

independent of  the patient's clinical status, and whether such a decision influenced  the occurrence 

of  clinical events in the subsequent 6 months. All patients were included who at 6 month review had 

not undergone intercurrent angiography, repeat PTCA, coronary artery bypass surgery or had died. 

Those who had suffered  a myocardial infarction  whether it be Q or non Q wave were included 

provided they did not undergo angiography between recruitment and 6 month review. These 

patients were divided according to whether they were randomised to clinical only or clinical and 

angiographic follow-up  and their baseline demographic characteristics, angiographic characteristics, 

anginal status and intensity of  medication compared, looking for  significant  differences.  The 

reintervention rates and event rates over the subsequent 6 months, and clinical status at one year 

following  the index intervention were then compared for  the 2 groups. A subanalysis was also 

performed  according to whether patients were randomised to balloon or stent angioplasty. 
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Statistical methods 

Continuous variables are expressed as means +/- standard deviation and were compared using the 

Student's t- test. The Fisher's exact test was used for  categorical variables. Discrete variables are 

expressed as counts or percentages and are compared in terms of  relative risks with 95% 

confidence  intervals calculated by the formula  of  Greenland and Robins. All statistical tests were 

two-tailed. Event free  survival distribution was estimated according to the Kaplan-Meier method 

and the overall incidence of  major adverse cardiac events was tested using the log-rank test. 

Results 

Seven-hundred and six patients of  the 827 (85%) randomised to the Benestent study reached 6 

month follow-up  without intercurrent angiography, coronary revascularisation (surgery or 

angioplasty) or death. Of  these patients 349 had been randomly assigned to clinical follow-up  alone 

(thus no scheduled angiogram) and 357 to additional angiographic follow-up,  6 months after 

recruitment. The baseline characteristics of  these 2 groups are displayed in Table 1. There were no 

significant  differences. 
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Clinical FU (n=349) Angiographic FU (n=357) P 

Age (years) 

Male gender 

59 

282 (81%) 
59 

276 (77%) 

NS 

NS 

Previous MI 

Previous PTCA 

Previous CABG 

92 (26%) 

31 (9%) 

5 (1%) 

93 (26%) 

22 (6%) 

6 (2%) 

NS 

NS 

NS 

Risk Factors 

Current smoker 92 (26%) 

Hypertension 140(40%) 

Diabetes Mellitus 35(10%) 

Family History 123 (3 5%) 

92 (26%) 

144 (40%) 

51 (14%) 

132 (37%) 

NS 

NS 

0.09 

NS 

Symptoms 

Stable angina 171(49%) 

Unstable angina 153 (44%) 

Silent angina 25 (7%) 

190 (53%) 

142 (40%) 

25 (7%) 

NS 

NS 

NS 

Medication 

Aspirin 

Beta blocker 

Nitrate 

325 (93%) 

215(62%) 

234 (67%) 

Ca channel blocker 154 (44%) 

332 (93%) 

237 (66%) 

246 (69%) 

157(44%) 

NS 

NS 

NS 

NS 

Table 1: Baseline demographic characteristic of  the 706 patients who at 6 months after 
recruitment had not died or undergone intercurrent angiography or revascularisation. 
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Seventy seven major adverse cardiac events, defined  as death, myocardial infarction,  coronary 

bypass surgery or repeat percutaneous intervention between 6 and 12 months after  recruitment 

occurred in 72 patients. These events were divided according to randomisation and are shown in 

Table 2. Whilst death and myocardial infarction  rates were similar in the 2 groups, there were 

significantly  more revascularisation procedures, 45 in 44 patients in the angiographic follow-up 

group (one patient underwent rePTCA the day prior to coronary bypass surgery), compared to 21 

procedures in clinical follow-up  group (relative risk 2.05 [1.24-3.37], p=0.0003) (Figure 1). Was 

there clinical justification  for  the additional procedures? Table 3 shows patient symptoms and 

medication at both 6 month and 1 year follow-up.  At 6 months a significantly  greater number of 

patients (p=0.041) were reported to suffer  symptoms in the angiographic follow-up  group and a 

trend toward a greater amount of  antianginal medication. By 12 months 83% of  patients were free 

of  angina with an equal incidence in both groups. 

Death 

MI 

rePTCA 

CABG 

Clinical FU 

21 

0 

4 

2 

Angiographic FU 

3 

2 

5 

40 

NS 

NS 

0.06 

P value 

0.02 

Table 2: Number of  clinical events 6 to 12 months after  recruitment in the clinical follow-up 
and angiographic follow-up  groups. 

142 



Part  - Chapter 

CD 
0 

c 0 > 
LU 

100 -I 

95 -
90 
85 H 
80 
75 
70 
65 
60 

94.0% 
p=0.003 87.7% 

CABG / Re-PTCA 
— Angio F-UP (n=357) 
— Clinical F-UP (n=349) 

44 (12.3%) 
21 (6.0%) 

RR 2.05 [1.24-3.37] 

0 50 100 150 200 250 300 350 400 
Days 

Figure 1: Kaplan-Meier curves of  the timing of  (first)  repeat revascularisation 
procedures 6 to 12 months after  intervention for  the clinical and 
angiographic follow-up  groups. 
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Clinical FU Angiographic FU P value 

6 months 

Angina 

stable/silent 53 (15%) 76(21%) 0.041 

unstable 5 (1%) 4 (1%) NS 

Medication 

P blocker 163 (47%) 185(62%) NS 

Ca ch blocker 129 (37%) 143 (40%) NS 

nitrate 96 (28%) 103 (29%) NS 

12months 

Angina 

stable/silent 44(13%) 44(13%) NS 

unstable 1 (0%) 4 (1%) NS 

Medication 

p blocker 161 (47%) 167 (48%) NS 

Ca ch blocker 130(38%) 134 (39%) NS 

nitrate 93 (28%) 92 (27%) NS 

Table 3: Patient symptoms and medication at both 6 month and 1 year follow-up  according to 
randomisation. 
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In order to determine whether it was in fact  the patients that had symptoms that experienced events, 

predominantly revascularisation, between 6 and 12 months after  recruitment, their symptomatic 

status at 6 months is displayed in Table 4. Of  those in the clinical follow-up  group that had a 

subsequent event, 46% had symptoms at 6 months, while in the angiographic follow-up  group 70% 

had symptoms at 6 months. The timing of  revascularisation procedures is also of  interest. Figure 1 

displays the time of  occurrence of  these events for  both groups. Most occurred soon after  6 month 

follow-up  in both groups. 

Clinical FU Angiographic FU P value 

Number of  patients 26 46 

Angina 

nil 14 (54%) 14 (30%) 0.09 

stable/silent 8(31%) 28 (61%) 0.03 

unstable 4(15%) 4 (9%) NS 

Medication 

(3 blocker 14 (54%) 23 (50%) NS 

Ca ch blocker 8(31%) 16(35%) NS 

nitrate 12 (46%) 15 (33%) NS 

Table 4: Six month symptomatic status and medication, of  those patients who experienced 
events between 6 and 12 months after  recruitment into the Benestent II study. 
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In order to determine whether the knowledge that a patient had received a stent or balloon 

angioplasty alone influenced  the decision to reintervene in those with angiographic evidence for 

restenosis, we analysed the data according to treatment modality. There was no significant 

difference  in events, however there was a trend toward a greater number of  repeat PTCA's in the 

stent group compared to the balloon group, in those randomised to angiographic follow-up  (Table 

Clinical FU Angiographic FU 

balloon stent balloon stent 

Death 2 0 0 3 

MI 2 2 2 0 

CABG 0 0 3 2 

rePTCA 13 8 16 24 

Table 5: Difference  in clinical event rate 6 months to 1 year when those who received a stent 
and balloon angioplasty were compared. 
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Discussion 

The Benestent II study randomised 827 patients to balloon angioplasty or stent implantation with a 

heparin coated stent followed  by one month of  antiplatelet therapy with ticlopidine. The study 

found  that stent implantation resulted in less restenosis (16% stent group, 30% balloon group, 

p=0.0008) and clinical events, compared with the balloon group with no significant  difference  in 

overall cost (160). 

A subrandomisation was undertaken assigning patients to clinical follow-up  alone or an additional 

angiogram 6 months following  the procedure. The rationale for  this subrandomisation was to 

document the natural course of  coronary artery disease and the behaviour of  interventional 

cardiologists in order to assess the real cost effectiveness  of  both balloon and stent treatment arms, 

as well obtaining objective evidence that one treatment was superior to another in the prevention of 

restenosis. The unique data from  this subrandomisation has allowed us to explore the question of 

whether knowledge of  the coronary anatomy influences  patient management and outcome. We have 

observed a significantly  greater number of  revascularisation procedures in the angiographic follow-

up group compared to the clinical follow-up  group (45 versus 21). It is clear that events, which 

were predominantly revascularisation procedures, were temporally related to the 6 month 

angiogram in that group. Did these patients have significantly  more symptoms? Our data shows that 

this was the case, however we believe this information  should be treated with caution. The same 

cardiologist often  performed  the angiography and completed the case record forms,  therefore 

interpretation of  a patient's symptoms may have been biased by the angiographic findings.  If  this 

was indeed a true observation one would also expect significantly  more medication, a more 

objective observation, in the angiographic follow-up  group. This was not the case, although a trend 

in this direction was observed. 
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It is likely that as coronary angioplasty, with refinements  in both equipment and technique, has 

become a safer  procedure, cardiologists have become more comfortable  treating significant 

restenoses in the asymptomatic patient rather than "leave them be". Interestingly a greater number 

of  redilatations were performed  within a stented restenotic segment rather than one that had 

undergone balloon angioplasty alone, suggesting interventionists felt  more secure redilating within a 

stent. It is likely that not only cardiologists, but also cardiac surgeons, truly believe that the gap 

between management of  symptomatic and asymptomatic stenoses should be narrowed (161,162) as 

the complication rates of  performing  such procedures continue to diminish, tipping the risk - benefit 

balance in favour  of  repeat intervention. 

The nature of  the restenotic process and the possibility of  regression of  asymptomatic and minimally 

symptomatic restenoses after  the 6 month follow-up  angiogram, remains an important issue. It has 

been observed that lesion regression at the dilated site occurs late after  balloon angioplasty (163) 

and also after  stent implantation (124). Angioscopic studies in a selected group of  patients have 

found  that the neointima which appeared thick and nontransparent until 6 months after  stent 

implantation became thin and transparent by 3 years after  angioplasty confirming  neointimal 

regression (164). Additionally it has been shown that patients with minimal symptoms experience a 

very low clinical event rate in the short term if  an angiographically intermediate lesion is shown to 

be functionally  insignificant  using techniques such as coronary pressure measurement and 

myocardial fractional  flow  reserve (165). These data suggest a conservative approach could be 

considered in patients with minimal symptoms and lesions of  moderate severity. 

None of  the study patients experienced a complication as a result of  the per protocol follow-up 

angiogram suggesting that the procedure is safe  and that it is ethically reasonable to include follow-

up angiography in a research protocol. There are long-term risks such as chance of  malignancy 

resulting from  radiation, however patient dose in a limited study is similar to the annual background 

radiation dose (166). 
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The group of  patients who underwent six month follow-up  angiography clearly underwent twice as 

many repeat interventions. There appeared however to be no adverse effect  in terms of  events. At 

12 months following  the initial intervention the symptoms of  angina and amount of  antianginal 

medication was similar in both groups. If  there truly were greater symptoms in the angiography 

group at 6 months then angiography and subsequent reintervention conferred  a beneficial  effect. 

Conclusions 

Revascularisation procedures were significantly  more common in those patients having 

angiographic follow-up  than in those having clinical follow-up  alone. The apparent greater number 

of  symptoms in those having angiographic follow-up  should be interpreted with caution as it may be 

due to bias. The performance  of  angiography 6 months after  intervention did not result in an 

adverse outcome in terms of  death, myocardial infarction  and symptoms of  angina, in the 

subsequent 6 months. 
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Abstract 
Objectives 

To determine the role of  stent implantation in vein grafts  by evaluating the long-term clinical outcome and 
estimated event-free  survival at 5 years in 62 patients and by comparing our data with those of  other 
treatment modalities previously reported. 

Background 

Patients with recurrent angina after  coronary artery bypass graft  surgery pose an important clinical and 
management problem. Stent implantation has been advocated in an effort  to avoid repeat operation and to 
address the limitations of  balloon angioplasty. 

Methods 

Patients undergoing stenting of  a vein graft  were entered into a dedicated data base. They were screened for 
death, infarction,  bypass surgery and repeat angioplasty. Procedure-related events were included in the 
follow-up  analysis. Survival and event-free  survival curves were constructed by the Kaplan-Meier method. 

Results 

A total of  93 stents (84 Wallstent and 9 Palmaz-Schatz) were implanted in 62 patients. During the in-
hospital period, seven patients (11%) sustained a major cardiac event: two deaths (3%), two myocardial 
infarctions  (3%) and three urgent bypass operations (5%). The clinical success rate, therefore,  was 89%. 
During the follow-up  period (median 2.5 years, range 0 to 5.9) another five  patients (8%) died, 14 (23%) 
sustained a myocardial infarction,  12 (20%) underwent bypass surgery, and 14 (23%) underwent 
angioplasty. The estimated 5-year survival and event-free  survival rates (freedom  from  infarction,  repeat 
surgery and repeat angioplasty) were (mean ± SD) 83 ± 5% (95% confidence  interval 73% to 93%) and 30 
± 7% (95% CI 16% to 44%), respectively. 

Conclusions 

The in-hospital outcome of  patients who underwent stent implantation in a vein graft  is acceptable, but the 
long-term clinical outcome is poor. It is unlikely that mechanical intervention alone will provide a 
satisfactory  or definitive  answer for  the patient with graft  disease in the long term. 
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Introduction 
Coronary artery bypass graft  surgery effectively  relieves angina in patients with obstructive 

coronary artery disease and may prolong life  in a selected group of  patients (40,167). Recurrence 

of  angina, however, occurs in 5% to 10% of  patients each year and is mainly due to graft  failure  or 

a combination of  graft  failure  and progression of  coronary atherosclerosis (168-170). Serial 

angiographic studies revealed that 15% to 30% of  the grafts  are stenosed at 1 year after  surgery 

and that nearly 50% of  grafts  are occluded at 10 years after  surgery (171-173). 

As the number of  patients who undergo surgery increases, the number of  patients with recurrent 

angina due to graft  failure  will also increase (174,175). Optimal management of  these patients 

remains a subject of  debate. In addition to pharmacologic treatment, other therapeutic options are 

repeat surgery or percutaneous revascularisation. In general, repeat surgery is associated with an 

increased morbidity and mortality and less symptomatic relief  in comparison to a first  operation 

(175-177). 

Balloon angioplasty of  vein grafts  may successfully  be performed  in selected patients but is 

plagued by a high restenosis rate (168). Patients with old, diffusely  diseased or totally occluded 

grafts  are at an increased risk of  major cardiac complications owing to the risk of  embolisation of 

friable  graft  tissue into the coronary circulation (168). As a result, the use of  stents is advocated to 

treat such patients. This is not only based on the fact  that stents can be easily implanted in large 

vessels and may contain friable  graft  tissue and thus reduce the risk of  embolisation, but also on 

the assumption that the superior angiographic outcome immediately after  implantation will be 

translated into a superior long-term clinical outcome (178,179). Clinical benefit,  however, is 

largely based on anecdotal experience and a number of  case studies with special emphasis on 

technical success rates and short-term rather than long-term clinical outcome. Randomised clinical 

trials are now under way to address this issue (180). They may, however, fail  to give a definite 

answer owing to stringent inclusion and exclusion criteria. To reinforce  the debate on the role of 

stent implantation in vein grafts  and while awaiting the results of  randomised trials, we report the 

immediate and long-term clinical outcome in a series of  62 patients who underwent stent 

implantation in a vein graft.  All patients gave written informed  consent before  stent implantation, 

and the study was approved by the Medical Ethical Committee of  our institution. 
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Methods 

Patients 

Between November 1986 and June 1994, 62 patients underwent stent implantation in a vein graft. 

They constitute 1.2% of  the 5,340 patients who underwent coronary angioplasty in our institution 

during the same period. Baseline clinical and angiographic characteristics are shown in Table 1. 

The majority of  patients underwent stent implantation because of  severe angina pectoris (New 

York Heart Association [NYHA] classes III and IV, 86%) and as a treatment for  a de novo graft 

lesion (82%). Most of  the grafts  were old (median age 7.7 years) and were, in general, diffusely 

diseased. A typical vein graft  lesion before  and after  treatment is shown in Figure 1. Detailed 

baseline angiographic data were available in 57 patients and are shown in Table 2. 

Figure 1: Angiographic result before  and immediately after  implantation of  a Wallstent in a 
graft  supplying the left  anterior descending coronary artery. 
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Median age (yr) 65 
Range 43-78 

Men 52 (84%) 
Previous AMI 37 (60%) 
Previous PTCA 17 (27%) 
Risk factors 

Smoking 12 (19%) 
Hypercholesterolaemia 32 (52%) 
Hypertension 17 (27%) 
Diabetes 7(11%) 

NYHA functional  class 
I 2 (3%) 
II 7(11%) 
III 31 (50%) 
IV 22 (36%) 

Vessel disease 
1 1(2%) 
2 12(19%) 
3 49 (79%) 

Ejection fraction 
>50% 17 (27%) 
30-50% 40 (65%) 
Unknown 2 (3%) 

Angiographic indication 
Primary lesion 51 (82%) 
Restenosis 8 (13%) 
Rescue angioplasty 3 (5%) 

Median graft  age (yr) 7.7 
Range 1-20 

Unless otherwise indicated, data presented are number (%) of  patients. 

Table 1: Baseline Clinical and Angiographic Characteristics of  62 Study Patients 
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Stent implantation 
Stent implantation was performed  by standard techniques using the femoral  approach, as 

previously described (67). The target lesion was first  dilated with a balloon catheter to facilitate 

stent delivery. At variance with current standards of  stent implantation, additional balloon dilation 

after  stenting was performed  in only 44 patients (71%). This was done with semi-compliant 

balloons equal in size to or 0.5 mm larger than the interpolated reference  diameter of  the bypass 

graft  (on-line quantitative coronary angiographic measurement) and by using pressures ranging 

from  10 to 14 atmospheres. The total number, type and size of  stents implanted are shown in Table 

2. In almost all patients (90%) a Wallstent was used. 

Stent data 
Total no. of  stents 93 (100%) 
No. of  stents/patient 1.5 
Wallstent 84 (90%o) 
Palmaz-Schatz stent 9(10%) 
Nominal size 

3.0 5 (5%) 
3.5 25 (27%) 
4.0 38 (41%) 
4.5 14(15%) 
5.0 8 (7%) 
5.5 1 (1%) 
6.0 2 (2%) 

Quantitative angiographic data (57 pts) 
Reference  diameter (mm) 

Before  stenting 3.3 ±1.8 
After  stenting 3.5 ± 1.0 

Minimal lumen diameter (mm) 
Before  stenting 1.4 ±0.5 
After  stenting 2.7 + 3.1 

Diameter stenosis (%) 
Before  stenting 58 ±2.0 
After  stenting 23 ±9 

Lesion length (mm) 
Before  stenting 16.5 ±8.3 
After  stenting — 

Qualitative angiographic data (62 pts) 
Chronically occluded grafts 0(0) 
Presence of  thrombus 3 (1%) 
Long lesions (> 15 mm) 32 (52%) 
Tandem lesions 23 (37%) 
Ulcer containing lesions 25 (40%) 

Data presented are mean value ± SD or number (%) of  patients (pts). 
Table 2: Stent Implantation and Quantitative and Qualitative Angiographic Data 
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The postoperative treatment changed throughout the study period. While all patients were treated 

with a combination of  acetylsalicylic acid, dipyridamole, heparin and acenocoumarol immediately 

after  implantation, the first  26 patients also received 100,000 to 250,000 U of  intravenous 

urokinase, which was infused  through the guiding catheter into the vein graft.  Thrombolytic 

therapy was later withheld from  the postoperative treatment because of  a high frequency  of  major 

bleeding complications, particularly at the vascular access site. 

Stent implantation was regarded to be angiographically successful  when there was no residual 

stenosis within the stented segment by visual assessment. A clinically successful  stent implantation 

was defined  as an angiographically successful  implantation free  of  procedure-related 

complications leading to death, myocardial infarction,  bypass surgery or repeat angioplasty. A 

periprocedural infarction  was determined by the development of  new Q waves or an increase in the 

serum cardiac enzymes to more than twice the upper limit of  normal. 

Data collection and follow-up 
Procedural details, including complications, were prospectively entered into a dedicated data base 

at the time of  implantation. Procedure-related events were included in the follow-up  analyses. All 

patients who survived their hospital stay were checked against the civil registry to establish 

survival or death. Patients were screened for  the occurrence of  death, acute myocardial infarction; 

recurrent angina necessitating repeat percutaneous revascularisation or repeat bypass surgery. 

Clinical follow-up  information  was obtained retrospectively through an interview during 

outpatient clinic visits or from  the patient or family  by telephone or from  the referring  physician. 

Two patients were lost to follow-up.  Consequently, follow-up  was complete for  60 patients (98%). 

The median period of  follow-up  was 2.5 years (range 0 to 5.9). Patient survival curves and event-

free  plots were constructed by the Kaplan-Meier method. Repeat angiography 6 months after  stent 

implantation was performed  in 43 patients (69%). 
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Results 

In-hospital outcome 

A total of  93 stents were implanted (Table 2). In one patient, stent implantation was unsuccessful. 

Therefore,  the implantation or angiographic success rate was 98%. In seven patients, a total of  nine 

major cardiac events occurred during the hospital period (Table 3). As a result, the overall clinical 

success rate was 89%. Two patients (3.2%) died after  stent implantation. Both of  them received 

thrombolytic therapy, one patient because of  protocol requirements during the initial study period 

and the other patient because of  an acute myocardial infarction  that was treated with balloon 

angioplasty and subsequent stent implantation, in addition to thrombolysis. In this patient, 

embolisation of  the graft  material was noted during the procedure, which resulted in a creatine 

kinase (CK) elevation to 640 U/litre. A computed tomographic scan confirmed  intracranial 

haemorrhage in both patients. Two other patients (3.2%) developed an acute myocardial infarction 

during their hospital stay, with CK elevations to 706 and 1,100 IU/litre. One of  these two patients 

was admitted because of  an acute inferior  infarction  and was treated with balloon angioplasty and 

stent implantation into the graft  supplying the right coronary artery. The other patient developed an 

anterolateral infarction  with a CK elevation to 706 IU/litre 4 days after  stent implantation. 

Although the infarction  was mainly caused by a subacute stent thrombosis, the exact cause was not 

documented. Another three patients (4.8%) were referred  for  urgent bypass surgery; one patient 

because of  recurrent angina 11 days after  stent implantation and two other patients because of  a 

documented subacute stent thrombosis. In one of  these two patients, anticoagulation was stopped 

because of  gastrointestinal bleeding (Mallory-Weiss syndrome). 
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In-Hospital (n = 62) After  Discharge (n = 60)* Total (n = 62) 

Total Ranking Total Ranking Total Ranking 
Event 

Death 2 (3%) 2 (3%) 5 (8%) 5 (8%) 7(11%) 7 (11%) 
AMI 3 (5%) 2 (3%) 14 (23%) 14 (23%) 17 (27%) 16 (26%) 
CABG 3 (5%) 3 (5%) 12 (20%) 12 (20%) 15 (24%) 15(24%) 
RePTCA 1 (2%) 0 18 (30%) 14(23%) 19(31%) 14 (23%) 

Total 9 (15%) 7(11%) 49 (82%) 45 (75%) 58 (94%) 52 (84%) 

*Two patients lost to follow-up.  Data presented are number (%) of  patients. Ranking = frequency  of 
events in descending order of  severity (death [worst outcome], followed  in order of  rank by acute 
myocardial infarction,  bypass surgery, repeat intervention. Total = total count of  all events (non-
mutually exclusive analysis). 

Table 3: Major Cardiac Events During Hospital Stay and After  Discharge 

In addition, a major bleeding complication necessitating blood transfusion  occurred in six patients 

(9.8%) - two groin (3.2%), three gastrointestinal (4.8%), one retroperitoneal (1.6%) - and a 

vascular access site complication necessitating surgery or blood transfusion,  or both, in another 

eight patients (12.9%). The median hospital stay for  the total study cohort was 9 days (range 5 to 
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Clinical events after  hospital discharge 

Table 3 lists the occurrence of  major events after  hospital discharge. There were five  deaths (8%), 

two of  which were cardiac, one noncardiac and two of  unknown aetiology. Fourteen patients 

(23%) sustained a nonfatal  myocardial infarction.  In 2 of  these 14 patients, myocardial infarction 

was associated with a repeat balloon angioplasty during the follow-up  period. Twelve patients 

(20%) underwent repeat bypass surgery at a median interval of  7 months (range 1 to 43). In all but 

one of  these patients, the indication of  repeat surgery was angina pectoris in association with 

restenosis of  the stented graft  segment. Repeat angioplasty was performed  in 18 other patients 

(30%) at a medium interval of  6 months (range 1 to 32). For the patients who underwent repeat 

bypass surgery, in all but one, angiographic indication to perform  angioplasty was restenosis in or 

adjacent to the stented graft  segment. Repeat angioplasty was successful  in 16 patients but was 

complicated by a myocardial infarction  in two. Repeat angiography 6 months after  stent 

implantation was performed  in 43 patients (69%). Restenosis (50% diameter stenosis criterion) 

was documented in 23 patients (53%), 7 of  whom underwent repeat angioplasty and 6 bypass 

surgery. During the further  follow-up,  another seven and six patients underwent repeat angioplasty 

and bypass surgery, respectively, because of  graft  failure  at the stented site in all but two patients. 

Survival and event-free  survival 

The mean ± SD estimated survival at 5 years after  stent implantation was 83 ± 5% (95% 

confidence  interval [CI] 73% to 93%) (Figure 2). Survival free  from  myocardial infarction  at 5 

years was 61 ± 6 % (95% CI 49% to 73%) and event-free  survival at 5 years (from  myocardial 

infarction,  bypass surgery and angioplasty) was 30 ± 7% (95% CI 16% to 44%). 
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Figure 2: Survival and event-free  survival curves (Kaplan-Meier) of  patients who 
underwent stent implantation in a vein graft. 

Discussion 
The present study describes the immediate and long-term clinical outcome of  62 patients with 

angina pectoris who underwent stent implantation in a vein graft.  The angiographic indication was 

a de novo lesion in the majority of  patients (82%) and a restenotic lesion in 13%. Taking into 

account the limitations of  this study - on the one hand, the design and therefore  the potential 

shortcomings in the accuracy of  data collection, and on the other hand, the fact  that it concerns a 

series of  nonconsecutive patients with, in general, advanced graft  failure  - the main message of  the 

present study is that stent implantation in vein grafts  can be safely  performed  but that the long-

term clinical outcome is poor. Interpretation of  these findings  should take into account that in the 

majority of  patients a Wallstent was implanted and that high pressure balloon dilations according 

to current standards were not performed.  Changes in stent design and, especially, implantation and 

deployment technique may have beneficially  influenced  early and late outcomes (178,180). 
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In-hospital results 

With respect to safety,  the frequency  of  in-hospital events is acceptable despite advancing graft 

age and the complications one could anticipate from  such a graft  based on the underlying 

histopathologic substrate described by Sabre et al. (181). The reported frequency  of  in-hospital 

events compares favourably  with that after  balloon angioplasty of  vein graft  lesions and with that 

after  repeat bypass surgery (Tables 4 and 5) (82,182-213). It is, however, inferior  to the frequency 

after  stent implantation in vein grafts  reported by other investigators (214-226) (Table 6). Again, 

one should account for  the type of  patients treated in this study. In most other reported studies 

shown in Table 6, 70% to 80% of  the patients had a discrete lesion <10 to 13 mm long; thus, they 

may represent a more favourable  group of  patients. Furthermore, it should be recognised that two 

patients died because of  an intracranial haemorrhage after  thrombolytic therapy, and that two other 

patients received a stent in the setting of  an acute myocardial infarction.  Refinement  of  the 

indication for  stent implantation and of  the periprocedural and postprocedural pharmacologic 

treatment by systemic use of  high pressure balloon dilations may have resulted in a better 

immediate outcome. It is noteworthy that despite the above observations, the frequency  of  in-

hospital major cardiac events compares favourably  with that after  stent implantation in native 

coronary arteries. The reported frequencies  of  death, acute myocardial infarction  and emergency 

bypass surgery in 1,191 patients treated with a stent in a coronary artery between 1989 and 1992 

were 2.0, 3.3 and 1.9%, respectively (227). 
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First Study Ref. Study No. of Age Graft  Age Death AMI CABG 
Author Year No. Period Pts (yr) (yr) (%) (%) (%) 
Ford 1981 182 1978-1979 9 51 0.3 to 4.7 0 0 0 
Jones 1983 183 1978-1982 37 54 2 0 5 5 
Douglas 1983 184 1978-1992 62 54 <1 to >5 0 0 2 
El-Gamal 1984 185 1980-1982 31 NR 0.3 to 4.7 0 5 0 
Block 1984 186 1979-1982 44 56 0.2 to 9 0 0 2 
Corbelli 1985 187 1981-1984 35 51 <0.5 to >5 0 0 2 
Reeder 1986 188 1979-1984 19 60 3 5 5 10 
Cote 1987 189 1981-1985 82 60 4 0 4 1 
Ernst 1987 190 1980-1985 33 59 NR 0 6 0 
Dorr os 1988 191 1979-1986 53 58 7 4 1 1 
Reed 1989 192 1983-1986 54 58 3 0 0 0 
Platko 1989 193 1981-1987 101 60 4 2 6 2 
Webb 1990 82 1978-1988 140 NR NR 0 4 1 
Jost 1991 194 1978-1983 41 57 3 0 0 0 
Reeves 1991 195 1981-1987 57 58 5 2 9 2 
Plokker 1991 196 1980-1989 454 60 6 1 3 1 
Meester 1991 197 1981-1988 84 60 5 4 8 2 
White 1993 198 NR 21 65 10 0 0 0 
Morrison 1994 199 1986-1993 75 62 8 3 3 1 

Total/weighted average 1,408 1 6 2 

NR = not reported; Ref  = reference;  other abbreviations as in Tables 1 to 3. 

Table 4: In-hospital events are balloon angioplasty of  saphenous vein grafts 
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First Study Ref. Study No. of Age Graft  Age Death AMI Rethoracotomy Other 
Author Year No. Period Pts (yr) (yr) (%) (%) (%) (%) 
Norwood 1977 200 1970-1975 26 49 0.5 8 12 NR NR 
Reul 1979 201 1968-1978 168 51 NR 5 2 2 >2 
Schaff 1983 202 1969-1980 106 49 NR 3 8 NR 11 
Foster 1984 176 1976-1979 283 52 3 5 6 5 5 
Cameron 1988 203 1970-1973 64 58 8 5 NR NR NR 
Brenowitz 1988 204 1973-1986 150 56 8 12 5 7 23 
Osaka 1988 205 1970-1983 119 52 4 3 9 3 3 
Verkkala 1989 206 1970-1988 71 54 4 10 NR NR NR 
Nair 1989 207 1980-1986 73 51 3 4 NR NR NR 
Loop 1990 208 1967-1987 2,509 57 6 4 7 8 9 
Verheul 1991 209 1979-1987 200 58 5 8 4 6 -

Galbut 1991 210 1982-1988 88 62 9 7 8 6 21 
Akl 1992 211 1981-1990 115 54 0.5 5 4 NR -

Horton 1992 212 1981-1990 172 59 3-7 1 0 2 NR 
Noyez 1994 213 1987-1992 16 50 11 0 3 13 13 

Total/weighted Average 4,160 5 6 7 9 

Other = total sum of  reported complications, such as cerebrovascular accidents, pulmonary and renal failure,  bleeding 
and wound infection;  other abbreviations as in Tables 1, 2 and 4. 

Table 5: In-hospital events after  repeat bypass surgery 

First Study Ref. Study No. Of Age Graft No. Of Death AMI CABG PTCA Bleeding/ 
Author Year No. Period Pts (yr) Age (yr) Stents (%) (%) (%) (%) Vase (%) 
Urban 1989 214 1986-1988 13 63 5 20 0 0 0 NR 15 
de Scheerder 1992 215 1988-1990 69 63 7 136 4 7 6 3 33 
Strumpf 1992 216 1990-1991 26 68 9 30 0 4 0 4 19 
Pomerantz 1992 217 1988-1991 69 66 9 84 0 10 0 NR 7 
White 1993 218 NR 11 64 NR 16 0 0 0 0 0 
Wong 1994 219 1990-1992 589 66 9 NR 2 0.3 1 NR 16 
Eeckhout 1994 220 1986-1993 40 63 8 58 0 2 2 NR 14 
Fenton 1994 221 1990-1991 198 66 8 NR 0.5 0.5 0.5 0.5 26 
Nordrehaug 1994 222 NR 19 60 NR NR 0 11 0 0 16 
Keane 1994 223 1991-1993 29 63 10 10 0 0 0 0 17 
Piana 1994 224 1988-1993 150 66 9 9 1 0 0 0 27 
Rocha-Sing 1995 225 1989-1992 22 66 NR NR 5 0 0 0 <7 
Wong 1995 226 1990-1991 231 66 8 305 1 1 0.4 0.4 1 
Total/weighted average 1,466 1 1 1 1 16 
Present Study 1986-1994 62 65 8 93 3 5 1 5 23 

Vase = vascular complications; other abbreviations as in Tables 1 to 4. 

Table 6: In-hospital events after  stent implantation in saphenous vein grafts 
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Long-term results 

The long-term clinical outcome is disturbing. Whilst our 5-year survival of  83% which is similar 

to that of  other studies (70% and 89%) (177,228,229) (Table 7), the high incidence of  myocardial 

infarction  and a very strong need for  repeat revascularisation during the follow-up  period is of 

concern. Almost 25% of  the patients sustained an acute myocardial infarction  at a median of  6 

months (range 1 to 21) after  the index procedure, and almost 50% of  the patients underwent repeat 

revascularisation by means of  either repeat bypass surgery (22%) or repeat angioplasty (23%) at a 

median of  7 (range 1 to 43) and 6 (range 1 to 32) months, respectively. In all these patients, apart 

from  two, the indication for  repeat revascularisation was failure  of  the graft  at the site of  the 

stented segment. As mentioned above, the use of  high pressure balloon dilation after  stenting may 

have resulted in a lower restenosis rate and, consequently, less need for  subsequent 

revascularisation. 

Survival Event-Free 

1 Year 5 Years 1 Year 5 Years 

Treatment Ref.  No. No. of  Pts (%) (%) Ref.  No. No. of  Pts (%) (%) 

Balloon angioplasty 191,193,82, 915 90-94 70-89 196,197,228 621 50-60 26 

197,228 

Repeat surgery 202-05,227 1,939 - 76-94 177,229 2,000 - 63-76 

Stent implantation 217,224 219 90-91 - 217,219,221 1,006 56-80 -

Present study 62 95 83 62 46 30 

- = not available. 

Table 7: Survival and event-free  survival after  balloon angioplasty, repeat surgery or stent 
implantation in saphenous vein grafts 
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Although half  of  the major cardiac events occurred within the first  6 months after  stent 

implantation, these data and the configuration  of  the Kaplan-Meier plots indicate a continuous and 

progressive clinical deterioration beyond this period. Given the limitations of  comparing those data 

with other studies reported to date, the 1- and 5-year survival rates do not differ  between the 

various treatment modalities for  recurrence of  angina due to graft  failure  (Table 7). The 5-year 

event-free  survival, however, appears to be significantly  inferior  after  balloon angioplasty or stent 

implantation when compared with repeat surgery. This is largely based on the stronger need of 

repeat revascularisation after  catheter-based interventions. It is, however, important to point out 

that the decision to proceed with another revascularisation is not only patient but also physician 

related. The threshold for  performing  a third or fourth  repeat bypass operation is obviously much 

higher than for  another angioplasty. If  repeat surgery and angioplasty are excluded from  the 

survival analysis, the 5-year survival free  from  myocardial infarction  is 61 ± 6% (95%  CI 49% to 

73%). Nevertheless, patients who have had previous bypass surgery represent a select and 

difficult-to-manage  subgroup of  patients with ischaemic heart disease. This is illustrated by the 

work of  Lytle et al. from  The Cleveland Clinic Foundation (230). They found  that patients who 

have had previous bypass surgery do less well in terms of  survival and event-free  survival, 

irrespective of  the presence or absence of  graft  stenoses, in comparison with patients with 

obstructive coronary artery disease but without a previous bypass operation. Furthermore, it needs 

to be emphasised that the prognosis of  patients who have had previous bypass surgery is 

determined not only by the extent of  coronary artery disease and the degree of  graft  failure  but also 

by other clinical and anatomic factors  such as age, coexisting disorders, ventricular function  and 

type of  conduit used. Furthermore, it is noteworthy that the Cholesterol Lowering Atherosclerosis 

Study, in which male patients who have had previous bypass surgery were randomised into a 

placebo group and a group receiving lipid modifying  drugs, revealed a significantly  lower rate of 

progression and a significantly  higher rate of  regression in the active treatment group (39% vs. 

61% and 16% vs. 2.4%, respectively) (231). Therefore,  risk factor  modification  may play a role in 

the improvement of  the late outcome. 
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Study limitations 

A number of  limitations have been briefly  mentioned above. In addition to the design, the major 

drawback of  the present study is that the patient group does not comprise a series of  consecutive 

patients. Therefore,  the possibility of  an important selection bias cannot be neglected. In addition, 

we have basically reserved stent implantation for  patients with advanced graft  failure.  This is not 

only because of  our own philosophy with respect to the management of  these patients but also 

because our centre is a tertiary referral  centre. Forty-three percent of  the patients are referred  from 

other institutions. The small number of  patients did not allow us to stratify  patients into subgroups 

to explore which patient may benefit  more from  this treatment than the other. Therefore,  we are 

unable to give guidelines with respect to improvement in patient selection and indications. In 

addition, the results reported herein need to be challenged by other investigators with larger series 

and, if  possible, consecutive patients. Learning curve, more strict indications, improvements in 

stent design, changes in periprocedural procedures such as in-stent high pressure balloon dilations, 

which affect  not only the postprocedural pharmacologic treatment but also potentially the clinical 

outcome, and, finally,  more attention to risk factor  modifications  may contribute to superior 

results. 

Conclusions 

The management of  patients with recurrent angina and graft  failure  is complex. In this historical 

series of  nonconsecutive patients, in which the self-expanding  Wallstent was predominantly used 

according to previous standards of  stenting, stent implantation was associated with a poor long-

term clinical outcome. These observations needs to be challenged by more recent studies. It may 

well be that changes in stent design and the systematic use of  in-stent high pressure balloon 

dilations may result in a better long-term outcome. In addition, attention needs to be paid to risk 

factor  modification  to reduce long-term graft  failure. 
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Stenting of  Long Coronary Lesions: 6-Month Clinical 
and Angiographic Outcome 
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Abstract 

Background 
There are limited prospective angiographic data on stent deployment for  long coronary lesions. In 

particular, there is controversy whether the stent should cover the entire length of  a lesion or 

whether multiple short stents should be deployed at those "spots" which remain considerably 

narrowed after  balloon dilatation. 

Objectives 
We evaluated the clinical and angiographic outcome after  long lesion stenting and used this data 

set to provide insights into the possible advantages and disadvantages of  different  stenting 

strategies in more diffuse  coronary disease. 

Methods 

This multicentre prospective study enrolled 120 patients with a single de novo stenosis > 20 mm in 

length, in a native vessel > 3mm diameter, suitable for  a MultiLink stent 25-35 mm in length with 

additional stent deployment if  required. Quantitative angiography before,  immediately after 

stenting and at 6 month follow-up  assessed restenosis for  the complete lesion. Analysis by 5 mm 

segments of  the stented and adjacent non-stented vessel was also performed. 

Results 
By 1 year, myocardial infarction  had occurred in 3% and target vessel repeat revascularisation in 

12% of  patients. The mean stented length (35.9 ± 14.6 mm) closely matched mean lesion length 

(33.0 ± 13.5 mm). Restenosis to > 50% diameter loss occurred in 32% of  patients but to > 70% in 

only 8%. Of  the 145 segments (5 mm in length) with baseline stenosis <25%, only 3(2%) 

developed restenosis > 50% and only in one of  these was it > 70%. 

Conclusions 
Stenting of  long lesions is associated with good clinical outcome and a low rate of  severe 

restenosis. Mildly diseased segments of  long lesions covered by a stent rarely became severely 

narrowed and had negligible influence  on the overall restenosis rate. This argues against a strategy 

of  "spot" stenting for  long coronary lesions. 
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Introduction 

While the benefits  of  stent deployment for  shorter lesions (73,74,232-235) has been established, 

the value of  long stents in longer coronary lesions has not been subjected to the same scrutiny 

(236-239). 

Lesion length is a predictor of  increased restenosis following  angioplasty and following  stent 

deployment (240-243). At present there are two schools of  thought regarding stenting of  long 

coronary lesions. One is that the entire lesion should be covered by stent from  "normal" to 

"normal" vessel (238). The other is that the stent length should be minimised by short, focal, 

"spot" stenting to portions of  vessel significantly  narrowed following  initial balloon angioplasty, 

perhaps aided by the use of  intravascular ultrasound (244). 

In a study where stented length greatly exceeded lesion length (245), stented segment length was 

an independent predictor of  restenosis whereas lesion length was not. However others (242) have 

found  that lesion length rather than stented length predicted restenosis. The major problem with 

determining whether lesion length or stent length influences  subsequent restenosis is that the two 

variables are not independent (113). 

The aims of  this multicentre, prospective trial were to determine restenosis by quantitative 

angiography 6 months after  stenting of  long lesions using long MultiLink stents (Guidant 

Corporation, Santa Clara, CA), to determine target vessel repeat revascularisation rates and to 

assess major adverse cardiac events by 12 months. We also determined whether restenosis 

occurred in those portions of  stented vessel which had been only mildly narrowed before  stent 

deployment by examining the stented lesion and adjacent vessel in 5 mm segments and 

establishing whether stenting mildly diseased portions of  long lesion influenced  the overall 

restenosis rate. 
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Methods 

Study design and study population 

The 120 patients were enrolled from  4 centres in New Zealand, 2 in Australia, 1 in Singapore and 

1 in Canada (see appendix). Patients suitable for  enrolment had a single de novo stenosis > 20 mm 

in length, in a native vessel > 3 mm diameter, suitable for  deployment of  a MultiLink stent 25 or 

35 mm in length with additional MultiLink stents as necessary. Patients were included with stable 

or unstable angina or documented silent ischaemia and an ejection fraction  > 40%. Patients could 

also be included if  they had an additional lesion in another vessel suitable for  treatment with a 15 

mm length MultiLink stent. Patients were excluded if  they had had an acute myocardial infarction 

within the previous 7 days. Lesions were excluded with heavy calcification,  aorto-ostial site, or a 

side branch > 2.5 mm in diameter which would be covered by the stent, or if  the predicting 

balloon failed  to fully  expand. 

Each institution required local ethical committee approval before  entering the trial and all patients 

gave written informed  consent. 

The MultiLink stent and stent implantation technique 

The MultiLink stent is a stainless steel, "slotted tube", highly flexible  (246) design characterised 

by corrugated rings linked by longitudinal bridges manufacturer-mounted  on a rapid exchange 

balloon, and available in 15, 25 and 35mm lengths. Stents were implanted through 6,7 or 8 F guide 

catheters according to routine local clinical practice from  a femoral  artery approach. Stenting with 

at least one long MultiLink (25 or 35mm length) stent was required, and additional MultiLink 

stents of  any length could be used to cover the target lesion if  necessary. Deployment or post-

dilatation pressures of  >12 atmospheres were recommended and achievement of  residual in-stent 

stenosis of  < 20% encouraged. Patients were pretreated with aspirin (lOOmg or more per day) 

which was continued indefinitely.  Ticlopidine 250-500 mg was administered in the angiographic 

suite if  there had not been pretreatment, and then 250mg administered twice daily for  2 weeks. 

Periprocedural heparin was administered according to local policy. 
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Coronary Angiography 

Coronary angiograms were recorded following  intracoronary nitroglycerin before,  immediately 

after  stent deployment and at 6 month follow-up.  Orthogonal projections best demonstrating the 

stenosed segment free  of  foreshortening  and superimposed radiopaque structures were identified 

before  angioplasty and repeated at follow-up  angiography. Care was taken to reproduce at follow-

up for  each angiographic projection the field  size, rotation, angulation, image-intensifier  height, 

and table height. Because the stent is relatively radio lucent, immediately before  stent deployment a 

short cine film  sequence with contrast was required to record the stent position in relation to side 

branches. Cine angiograms could be recorded on cine film  or on CD. 

Quantitative angiographic analysis 

Quantitative angiographic measurements were made with the Cardiovascular Measurement System 

(CMS-MEDIS, Nuenen, The Netherlands). Quantitative measurements were made with calibration 

from  the non-tapering portion of  a contrast filled  diagnostic or guide catheter of  known diameter. 

Analysis of  cine frames  in end diastole, free  of  superimposed structures and foreshortening,  was 

performed  by one experienced technician. 

Lesion length was defined  by the CMS Medis quantitative angiography package. Stented length, 

defined  as the length of  stent implanted somewhat overestimates the length of  vessel stented when 

more than one stent is deployed and there is stent overlap. 

Minimum luminal diameter (MLD) at 6 month follow-up  was defined  as the smallest diameter 

within the stent or within 5 mm of  the ends of  the stent. Percent diameter stenosis (%DS) was 

calculated from  %DS= (RD - MLD) / RD x 100% where RD is the interpolated reference 

diameter. 
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Segmental (5mm) analysis was performed  from  one projection before,  immediately after  stenting 

and at 6 month follow-up.  To determine where in the vessel the stent was deployed, the proximal 

and distal ends of  the stent were identified  from  the angiogram performed  immediately before 

deployment. Where possible, the ends of  the stent were identified  after  deployment and side 

branches used as landmarks to locate on the control angiogram the site to be covered by stent. 

Lesions were analysed in 5mm segments from  10mm proximal to 10mm distal to the stent or the 

length to be stented as shown in Figure 1. For each 5mm segment, the minimum luminal diameter 

(MLD), the interpolated reference  diameter (RD) at MLD, percent diameter stenosis, and mean 

luminal diameter were measured. 

Statistical methods 

Data are presented as mean and standard deviation or mean and range. 

Clinical definitions 

A non-Q wave myocardial infarction  was defined  as elevation of  creatine kinase enzyme levels to 

twice the upper limit of  normal without new pathological Q-waves. A Q-wave myocardial 

infarction  was defined  as development of  new pathological Q waves following  intervention. The 

hierarchical order of  major adverse events was death, Q-wave myocardial infarction,  non-Q wave 

myocardial infarction  and target vessel repeat revascularisation. 

Results 

Patients and procedural characteristics 

Baseline characteristics of  the 120 patients enrolled are summarised in Table 1 and procedural 

characteristics in Table 2. There were 11 patients in whom an additional (short) lesion in a separate 

vessel was treated percutaneously (10 by stenting and 1 by balloon angioplasty). Deployment of  a 

long MultiLink stent was successful  in all but 2 patients, one of  whom received three 15mm 

Crossflex  (Cordis) stents and the other was treated by balloon angioplasty alone. 
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Mean age (range), years 59 (36-82) 

Gender, male, % 68 

Hypertension, % 46 

dyslipidaemia, % 59 

Diabetes mellitus, % 11 

Previous myocardial infarction,  % 37 

Smoker, current, % 16 

Smoker, previous, % 46 

Angina, stable, % 62 

unstable, % 38 

Medication 

Betablocker, % 77 

Calcium channel blocker, % 49 

Long acting nitrate, % 5 

Aspirin, % 96 

Cholesterol lowering, % 50 

ACE inhibitor, % 24 

Heparin, % 10 

Coumadin, % 2 

Table 1: Clinical Characteristics (n= 120) 
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Index coronary artery 

RCA 

LAD 

Circumflex 

Length of  stent implanted, mean (range) 

Length of  lesion, mm (range) 

Number of  stents per long lesion, mean (range) 

Delivery balloon diameter, mean ± SD 

Post-dilatation balloon diameter, mean ± SD 

Stent deployment pressure, mean + SD (range) 

Post-dilatation pressure, mean + SD (range) 

49% 

45% 

6% 

35.9 (25-95) mm 

33.0 (18-99) mm 

1.2(1-4) 

3.20 ± .27 mm 

3.36 ± .35 mm 

12 ± 2 (6-16) atmospheres 

15 ± 3 (6-24) atmospheres 

LAD= left  anterior descending, RCA= right coronary artery 

Table 2: Procedural Characteristics for  Long Lesion (n=120) 

Hierarchical major adverse events, summarised in Table 3 were infrequent.  There were 12% of 

patients who had or were scheduled for  repeat target vessel revascularisation by 12 months (9% 

percutaneous, 3% surgical). In 10% of  patients, there was elevation of  creatine kinase MB fraction 

to twice the upper limit of  normal range without elevation of  the total creatine kinase level. One 

patient required transfusion  of  2 units of  blood following  femoral  artery puncture site bleeding and 

1 required hemicolectomy for  bowel infarction  5 days after  the stent procedure. 
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In hospital 1 month 12 month 

additional additional 

Death 0 0 0 

Myocardial infraction 

Q wave 1% 0 0 

Non-Q wave 

Target vessel repeat 
revascularisation 

2% 0 0 

0 0 12% 

Table 3: Hierarchical major adverse events (n=120) 

Quantitative Angiography of  Overall Lesion 

Of  the 120 patients, there were 112 whose angiograms were available before  and after  stent 

deployment, and from  6-month follow-up  (93% angiographic follow-up).  Of  the other 8 patients, 7 

(none of  whom had angina) refused  6-month angiography, and for  1 patient the cine films  were 

lost. In 3 patients, 6-month angiographic follow-up  revealed clinically silent complete stent 

occlusion. Table 4 summarises the quantitative angiographic data. Mean acute gain was 1.68 ± 

0.48 mm, late loss 0.85 ± 0.59 mm and late loss index was 0.52 ± 0.35. Restenosis rates (> 50% 

diameter loss) using the interpolated reference  diameter was 32% but severe restenosis (> 70%) 

occurred in only 8% of  patients. The restenosis rate for  long lesions treated with stents < 35 mm in 

length (26%) was less than lesions receiving stents >35 mm in length (44%) (p=0.02). 
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Before  stenting After  stenting 6 month follow-up 

MLD, mm 0.81 (0.36) 2.49 (0.45) 1.64 (0.61) 

RD, mm 3.12(0.56) 3.05 (0.45) 2.90 (0.55) 

Stenosis, % 74(11) 18(8) 44(19) 

MLD= minimum luminal diameter, RD= reference  diameter. 

Table 4: Serial quantitative angiographic diameters (n=l 12), mean (SD) 

Long Lesion Quantitative Analysis by 5mm Segments 

Segmental analysis was performed  on 108 cines (90% of  patients). In addition to the 8 follow-up 

cines unavailable as above, one further  was lost between the time of  overall lesion analysis and 

segmental analysis, and the 3 patients with complete occlusion at follow-up  were unsuitable for 

segmental analysis. The influence  of  segmental lesion severity before  intervention upon 

subsequent restenosis is depicted in Figure 2. Of  the 716 segments covered by stent, there were 

145 with baseline stenosis of  less than 25% diameter loss. At 6 month follow-up  quantitative 

angiography, 3 (2%) had developed stenoses of  >50% and only one of  these had developed a 

stenosis of  > 70% (Figure 1). The one patient with a new >70% stenosis at 6 month follow-up  had 

diffuse  severe restenosis within and extending proximally and distally to the stent so that segment 

did not influence  late outcome. Of  the other two patients with >50% stenosis at 6 months, both had 

repeat balloon angioplasty to the site and one of  these patients also had redilatation of  a restenosis 

at a site which had been severely narrowed before  stenting. Analysed by segment, lesion severity 

preintervention strongly influenced  restenosis with the more severe a stenosis at baseline, the 

greater the likelihood of  renarrowing (Figure 2). 
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Figure 1: Shown is the principle of  quantitative angiographic analysis of  long lesions in 
5 mm segments before  and immediately after  stent deployment and at 6 
month follow-up. 
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Figure 2: Shown is, for  5 mm segments, the relationship between diameter stenosis 
before  intervention and restenosis at 6 months for  different  grades of  initial 
lesion severity. 
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Discussion 

This study demonstrates that, in selected patients, stenting long coronary lesions (mean length 33.0 

± 13.5 mm) with long MultiLink stents (mean stent length 35.9 ± 14.6 mm) produces good clinical 

outcome in most patients. Although restenosis to > 50% at six month follow-up  angiography 

occurred in 32% of  patients, severe restenosis to > 70% diameter loss was uncommon (8%), and 

ischaemia-driven need for  repeat target vessel revascularisation by 12 months was only 12%. 

A current controversy in percutaneous intervention for  long coronary stenoses is whether stents 

should cover the entire lesion spanning from  relatively normal to relatively normal vessel 

("traditional" stenting) or whether only those spots of  long disease which remain importantly 

narrowed after  balloon dilatation should receive stents ("spot" stenting) (242,244,247,248). A 

registry of  IVUS guided "spot" stenting (244) compared with "traditional" stenting of  matched 

patients has shown lower restenosis and lower target lesion repeat revascularisation in the "spot" 

stenting group. "Spot" stenting can be considered a variant of  provisional stenting in that it is a 

strategy of  aggressive balloon angioplasty with back-up stenting to localised spots of  long lesion to 

attain optimal initial outcome (249). The strategy of  provisional stenting for  lesions < 20mm in 

length has been shown to be inferior  to primary stenting (249). "Spot" stenting is time consuming, 

has greater equipment costs, and has not been evaluated with a controlled trial. The current study 

found  that covering normal or mildly diseased segments of  long lesion by stent had negligible 

influence  on overall lesion restenosis or need for  repeat revascularisation. This argues for 

traditional stenting of  the entire lesion rather than multiple short stent deployment. 
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The favourable  overall lesion outcomes obtained in our study with relatively normal segments as 

well as severely diseased segments of  long lesion covered by long stent were attained with close 

matching of  overall lesion length and stent length. An IVUS study has shown that increasing the 

stent to lesion ratio while optimising full  lesion coverage actually decreased target lesion repeat 

revascularisation rates (250). The same group, in an angiographic study with clinical follow-up 

(247), reported a target lesion repeat revascularisation rate of  19.6%. They advocate a full  lesion 

coverage approach for  diffuse  disease, although the mean angiographic length of  their long lesions 

(13 ± 8 mm) was relatively short and stent length relatively long (28 ± 5mm). A recent 

retrospective report of  1090 lesions in 725 patients divided lesions into three groups according to 

stented length (245). In those 247 lesions receiving stented length > 35mm, the stented length 

(mean 52 ± 16mm) was greatly in excess of  angiographic lesion length (13.5 ± 8.4mm). These 

angiographically short lesions (less that half  the mean length in our patients), had a high restenosis 

rate of  47.2%. These data, and the findings  of  the current present study, indicate that the stent 

length should closely match lesion length to minimise restenosis. 

Outcomes in our study compare favourably  with previously published, larger and mostly 

retrospective series of  balloon expandable stent deployment for  long lesions (Table 5). Lesion 

length in our trial is longer than any of  the others and stented length longer than the other trials 

except for  one where stented length greatly exceeded lesion length. Notwithstanding these adverse 

features,  our angiographic restenosis and target vessel repeat revascularisation were relatively low. 

Some possible reasons for  our relatively low restenosis rate and TVR might be stent design, 

minimal overlapping of  stents, relatively large reference  diameter, and close matching of  stented 

and lesion lengths. Differences  in stent design influence  subsequent restenosis in both 

experimental studies (251) and clinical trials. In a randomised comparison, in human subjects, a 

coil design was associated with higher restenosis and 1 year target lesion repeat revascularisation 

than a slotted tube design (252). In another randomised clinical study of  5 different  stainless steel 

"slotted tube" stent designs, there were significant  differences  in 6 month angiographic and 1-year 

clinical outcomes (253) with the MultiLink stent appearing to be better than other designs (254). A 

linear relationship (y=2.9593 + ,91119x, where y= instent restenosis and x= stented length) is 

reported for  MultiLink and MultiLink Duet stents (255). 
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Author n Angio Stent RD Lesion Stent Angiograph TLR/ 
F/U type mean length length restenosis TVR 
(%) ±SD(mm) mean mean (%) (%) 

±SD(mm) ±SD(mm) 
Kornowski (247) 116 0 Various 3.2 proximal 13 ±8 28.5 n/a 20 

Kobayashi (245) 247 71 Various 3.0 ± 0.6 14 ±8 52 ±16 47.2 n/a 

Kastrati (242) 573 83 Various 3.1 ±0.5 20 ±5 23 ±12 37 23 

Le Breton (257) 187 73 NIR n/a 21 ±6 32 27 8 

Yokoi (243) 96 n/a Various 2.8 ±3.3 >15 n/a 33 n/a 

Current Study 120 93 MultiLink 3.12 ±.56 33.4 35.8 32 12 

Table 5: Recent studies of  balloon expandable stent deployment for  long lesions and 
including the current study. 

Using this equation, the predicted restenosis rate of  36% for  our stented length of  36 mm is close 

to our actual restenosis rate of  32%. The availability of  stents of  different  lengths and, in particular 

longer stents, facilitates  the use of  a minimum number of  stents and therefore  the limitation of 

stent overlapping. In the porcine model, overlapping of  stents has been associated with increased 

neointimal hyperplasia (256) and overlap has been associated with higher restenosis in some 

(113,241,242) but not all clinical studies (245). Minimising the overlapping of  stents in the current 

study (mean 1.2 stents per long lesion) may contribute to the relatively low restenosis rates and 

favourable  outcomes. As previously summarised, stent length was much more closely matched to 

angiographic lesion length in our trial than in some previously published series (257). 
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Limitations 

While this is a prospective study, it is not a randomised comparison of  stenting and balloon 

angioplasty and neither is it a randomised comparison of  "spot" stenting and "traditional" stenting 

of  the entire lesion. An exclusion criterion in our study was lesions in vessels < 3 mm in diameter, 

so the results cannot be extrapolated to smaller calibre vessels 

Conclusions 

Stenting long lesions with long MultiLink stents results in an acceptable overall restenosis rate 

(32%), infrequent  severe restenosis (8%), and a good long term clinical outcome (target vessel 

repeat revascularisation rate of  12% at 1 year). When the stented length closely matches 

angiographic lesion length, a normal or mildly diseased segment of  a long lesion covered by a long 

stent has a low restenosis rate and negligible influence  on overall lesion restenosis and on the need 

for  target vessel repeat revascularisation. This argues for  complete lesion coverage with stent and 

argues against "spot" stenting. 
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Appendix 

Participating centres (number of  patients enrolled in parentheses): Green Lane Hospital, Auckland, 

New Zealand (29): Dr John Ormiston, Dr Jim Stewart, Dr Mark Webster, Dr Peter Ruygrok, Dr 

Harvey White. Mercy Angiography, Auckland, New Zealand (24): Dr John Ormiston, Dr Peter 

Ruygrok. Vancouver General Hospital, Vancouver, Canada (23): Dr Don Ricci, Dr Chris Buller, 

Dr Ian Penn, Dr Michael Moscovich. Flinders Medical Centre, Adelaide, Australia (18): Dr Justin 

Ardill, Dr Phil Aylward. National Heart Centre, Singapore (12): Dr Charles Chan, Dr Hoon-Hau 

Mak, Dr KS Tan. Waikato Hospital, Hamilton, New Zealand (9): Dr Gerard Devlin, Dr Spencer 

Heald. Monash Medical Centre, Melbourne, Australia (4): Dr Ian Meredith, Dr Garry Barron, Dr 

Richard Harper. Wellington Public Hospital, Wellington, New Zealand: Dr Mark Simmonds. 
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Chapter  3 

Stenting of  lesions in Small and Large Diameter 
Coronary Arteries in the Same Patient: 6-Month 

Clinical and Angiographic Outcome 
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Abstract 

Background 
Retrospective analysis of  patient cohorts undergoing stent deployment have shown that small 

vessel diameter and long lesion length are two angiographic predictors of  increased restenosis. We 

determined the effects  of  these factors  in patients with lesions treated in both small and large 

diameter coronary arteries. 

Methods and Results 
This multicentre, prospective, quantitative angiographic study evaluated patients with de novo 

coronary disease undergoing intervention who had at least 2 lesions <16mm length, one in a vessel 

<2.75mm diameter (9 or 16mm length 7 cell NIR stent) and the other in a vessel >3.0mm 

diameter (9 or 16mm 9 cell NIR stent). Of  94 patients enrolled, 76% were male, mean age was 62 

years (range 40-85), 41% were hypertensive, 18% had diabetes, 15% were current smokers and 

64% had hypercholesterolaemia. Additional lesions were treated in 23% of  patients. The 

procedural success rate was 99%. Six months post-procedure there were no deaths or late stent 

occlusions. One patient suffered  a Q-wave myocardial infarction,  1 a non-Q wave infarction,  8 

underwent percutaneous reintervention, 2 CABG operations and 5 stenting of  other non-study 

lesions. 

The mean reference  diameter for  the small vessel was 2.34 mm and the large vessel 3.23 mm. Six 

month angiography was performed  in 87 patients (92% of  those eligible). The overall restenosis 

rate was 24% in the small vessel (9mm length stent - 17%, 16mm length stent - 30%) and 15% in 

the large vessel (9mm length stent - 3%, 16mm length stent - 22%), respectively. Maximal intimal 

hyperplasia within the stent was significantly  less in the small vessel than in the large vessel 

(0.30+/-0.08 mm versus 0.33+/-0.12mm, p<0.001). 

Conclusions 
Multi-vessel stenting including treatment of  lesions in small calibre vessels can be performed  with 

a good clinical and angiographic outcome. When the patient, operator, technique and stent type are 

the same, vessel calibre and lesion length both influence  the restenosis rate. However, although 

restenosis, defined  as 50% diameter reduction, is increased in smaller vessels, the degree of  intimal 

hyperplasia is significantly  less in smaller stented coronary arteries than in larger vessels 
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Introduction 

Many recent percutaneous coronary interventional studies have focused  on newer stent designs or 

refinements  in technique with clinical outcome measured in terms of  adverse cardiac events, 

namely death, myocardial infarction  and repeat revascularisation. One cohort of  particular interest 

is those patients with lesions in smaller calibre vessels (258,259). Subset analysis of  data from 

angiographic registries and randomised trials has shown that small vessel calibre is a predictor of 

increased restenosis following  percutaneous coronary interventional procedures, including stent 

deployment. There was no advantage of  stenting over balloon angioplasty, in clinical event rates, 

in vessels <2.6mm in diameter in the Benestent and STRESS studies (73,74). Angiographic 

restenosis was high in small vessels regardless of  treatment strategy (38% stent group, 42% 

balloon group) (95,260). Stent designs, deployment strategies and antiplatelet regimens have 

improved since those studies (145). Randomised comparisons of  newer stent designs in small 

vessels provide varying data with some showing an advantage with stenting (261,262) and others 

finding  no benefit  over balloon angioplasty (263,264). Much of  the restenosis data on stenting 

small vessels compared with larger vessels relies on historical or poorly matched controls. This 

trial overcomes many of  the limitations of  such studies and provides a unique insight into stent 

deployment in small vessels by comparing outcome with stenting of  a larger vessel in the same 

patient. The study design eliminates the effect  of  all patient related factors  on restenosis and 

minimises other influences  such as operator technique. The trial was undertaken during a period of 

stability in the percutaneous management of  coronary lesions, with little change in technique and 

equipment over the study duration. 
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Methods 

Study design 

The STANZA study was a prospective multicentre, quantitative angiographic study of  94 patients 

with lesions in both a small (reference  diameter 2.00-2.75mm) and in a larger coronary artery 

(reference  diameter >3.Omm), in another coronary segment. Clinical events, symptomatic status 

and medication use during the hospital admission, at one month and 6 months were recorded and 

forwarded  to the core laboratory, and a 6 month follow-up  angiogram was performed.  The primary 

aim of  the study was to assess the outcome of  multi-lesion stenting of  de novo native coronary 

lesions (<16mm long), at least one of  which was in a small calibre coronary artery, with regard to 

freedom  from  major adverse cardiac events (death, myocardial infarction,  CABG, re-PTCA, late 

stent occlusion) during the hospital stay, at one month and 6 months following  the procedure. The 

secondary aim was to compare angiographic parameters following  stenting small and large vessels 

in the same patient population, at 6 months. The study was approved by institutional ethics 

committees and written, informed  consent was obtained from  all patients. 

Patient population 

Patients were recruited from  5 institutions in New Zealand, Australia and Singapore (Appendix). 

Patients were required to have stable or unstable angina (excluding Braunwald Class III) or 

documented silent ischaemia, and were scheduled to undergo stent implantation to treat at least 

two de novo lesions, one in a 'small' vessel and the other in a 'large' vessel, in different  coronary 

segments. Clinical exclusion criteria were participation in another device or pharmacological study 

in the 30 days preceding treatment, documented Q-wave myocardial infarction  in the territory 

supplied by the vessel(s) to be treated or infarction  in any territory in the previous week, and left 

ventricular ejection fraction  <30%. Additional angiographic exclusion criteria were lesions which 

were restenotic, in bypass grafts,  longer than 16mm. and bifurcation  lesions where treatment of  the 

side branch was planned. 
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Angioplasty Procedure 

All patients received 100-300 mg of  oral aspirin before  the angioplasty procedure. Arterial access 

was obtained via the femoral  approach and 5,000-15,000 IU heparin administered, with additional 

boluses of  5,000 IU given hourly, at the operator's discretion. Coronary angioplasty was 

performed  on at least 2 lesions that were < 16 mm in length. One of  the study lesions was in a 

small < 2.75mm diameter vessel, treated with a 7 cell NIR stent (Boston Scientific  Inc., Natick, 

Boston, MA.) 9 or 16 mm long. The second lesion was in a vessel >3.0mm diameter and treated 

with a 9 cell NIR stent, 9 or 16 mm long. The treatment of  additional lesions was permitted but the 

study protocol required nomination of  the study lesions prior to commencing the procedure. Most 

lesions were predilated with a balloon-to-artery ratio of  < 1.0 and stents deployed or post dilated to 

a pressure of  > 14 atmospheres. All procedures were performed  using 6 French guiding catheters 

via the femoral  artery approach. Intravascular ultrasound was permitted but not mandatory. 

Ticlopidine (250 mg) or clopidogrel (300 mg) was given before  leaving the catheterisation 

laboratory if  the patient had not been pre-treated, and continued at a dose of  250 mg twice daily or 

75 mg daily, respectively, for  at least 2 weeks. Other medication was at the discretion of  the 

clinician. Aggressive management of  coronary risk factors  encouraged. Procedural success was 

defined  as a reduction in the residual stenosis to less than 20% of  the reference  diameter, by visual 

assessment, without the (ranked) major complications of  death, myocardial infarction,  stroke, 

coronary bypass graft  surgery or repeat angioplasty in the 24 hours following  stent implantation. A 

non-Q-wave myocardial infarction  was defined  as an elevation of  the creatine kinase to more than 

twice the upper limit of  normal. Blood was drawn for  haematology, electrolytes and creatine 

kinase, and an electrocardiogram was performed  before  the procedure and the following  morning 

before  discharge. 
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The NIR Stent 

The NIR stent is made from  316L stainless steel and its design is characterised by uniform  cells 

giving a diamond-like mesh of  interlinking struts, good lesion coverage, minimal shortening on 

expansion, and high radial strength (265). The strategy of  deploying a 7 cell NIR stent in the small 

coronary artery and a 9 cell stent in the larger vessel meant that percent vessel wall metal coverage 

was similar in both lesions. Both stent types were available in 9 and 16 mm lengths. Most stents 

were hand crimped onto the delivery balloon, although during the latter part of  study period the 

premounted NIR Primo stent system was used in some patients. 

Quantitative Coronary Angiography 

Coronary angiography was performed  after  100-200 pg of  intracoronary nitroglycerine, before 

angioplasty, after  optimal stent implantation and at 6-month follow-up  taking care to standardise 

projection angles, image intensifier  height, table height and field  size. The reference  diameter, 

minimum luminal diameter and degree of  coronary stenosis were measured using a computer-

assisted, automated edge detection algorithm (Computer Measurement System MEDIS, Nuenen, 

The Netherlands) which has previously been validated (266,267). Maximal intimal hyperplasia 

within the stent was calculated for  each lesion by dividing the late loss by 2 (assuming no change 

in stent diameter). The guiding catheters or non-tapering distal portion of  the diagnostic catheters 

filled  with contrast were used for  calibration. The mean value of  2 orthogonal views was used for 

analysis. 

Statistical methods 

Discrete variables are expressed as percent frequencies  and continuous variables as mean ± 

standard deviation. Differences  between the small and large vessel variables were assessed with 

the Sign test or Wilcoxon matched-pair signed-rank test. The Chi-squared test was also used where 

appropriate. The Spearman correlation coefficient  was used to measure associations. A p value of 

< 0.05 was considered significant.  Analysis was performed  using SAS statistical software. 
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Results 
Between May 1997 and December 1999, 94 patients from  5 centres were enrolled in the study. 

The patients were aged 40 to 85 years, mean age 62 years and 71 (76%) were male. Risk factors 

for  coronary disease were current smoking in 14 (15%), hypertension in 38 (40%), diabetes in 17 

(18%), hypercholesterolaemia (on cholesterol lowering treatment or total cholesterol >6.5 mmol/l) 

in 61 (65%) and a family  history of  coronary disease in a parent or sibling by 60 years of  age in 34 

(36%). Forty-three patients (46%) had suffered  a prior myocardial infarction.  The angiographic 

characteristics of  the 188 study lesions are shown in Table 1. Procedural success was achieved in 

99% of  patients. Additional non-study lesions were treated in 22 patients (balloon angioplasty in 6 

and additional stenting in 16). There were no deaths or late thrombotic stent occlusions and only 

one patient suffered  a Q-wave myocardial infarction,  which occurred after  semi-urgent CABG 

performed  2 days after  an unsuccessful  attempt at crossing a study lesion with a guide wire. A 

further  patient underwent elective CABG surgery six months after  the procedure. Only one patient 

suffered  a non-Q-wave myocardial infarction,  which occurred one month after  enrolment. Repeat 

angioplasty was performed  to study lesions in 8 patients, 7 between 1 and 6-month follow-up.  A 

further  5 patients who continued to suffer  anginal symptoms underwent percutaneous 

revascularisation of  a non-study lesion (Table 2). 

Small Large P value 

Number treated 94 94 
Coronary artery 

Left  anterior descending 33 (35%) 41 (44%) 0.033 
Circumflex 40 (43%) 17(18%) 0.001 
Right coronary 21 (22%) 36 (38%) 0.332 

Lesion type 
A 29 14 0.005 
B1 45 54 0.176 
B2 16 20 0.571 
C 4 6 0.724 

Stent length 
9mm 52 34 0.006 
16mm 41 59 0.006 
Additional stents 7 9 0.789 

Table 1: Angiographic characteristics of  the 188 treated lesions, number (%) 
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0-1 month 1 -6 months 

Death 0 0 
Myocardial infarction 

0 Q-wave 1* 0 
Non-Q-wave 0 1 

Revascularisation 
RePTCA - target vessel 1 7 

- other vessel 1 4 
CABG 1* 1 

Subacute occlusion 0 -

Bleeding complications 
1 Transfusion 3 1 

Repair false  aneurysm 3 -

Major haematoma 4 -

* one patient suffered  a Q wave myocardial infarction  following  CABG, which was performed  2 days after 
unsuccessful  PCI 

Table 2: Clinical outcome of  the 94 treated patients, number 

At 6 month follow-up  there was a significant  reduction in the severity of  angina and antianginal 

medication with 48% of  patients receiving one agent, 47% of  patients receiving 2 agents and 16% 

patients receiving 3 antianginal agents (compared with 35%, 79%, 57%, respectively, at 

enrolment). Symptom status and medication use is outlined in Table 3. 

Symptoms Pre-stent 6 months P value 

No angina/silent ischaemia 3 (3%) 67 (71%) <0.001 
Stable angina 46 (49%) 23 (24%) <0.001 
Unstable angina 45 (48%) 4 (4%) <0.001 

Medications 
Heparin 15 (16%) 0 (0%) <0.001 
Aspirin 90 (96%) 81 (86%) 0.009 
Beta blocker 68 (72%) 54 (57%) 0.008 
Nitrate 52 (55%) 24 (26%) <0.001 
Calcium channel blocker 41 (44%) 26 (28%) 0.009 

Table 3: Symptoms and medication use before  intervention and at 6 months, number (%). 
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Angiographic follow-up  was achieved in 87 patients (92%) at a mean of  188 days following 

intervention. One patient developed recurrent symptoms due to restenosis of  the small vessel 2 

months following  intervention. The large vessel in this patient remained widely patent. As the 

repeat angiogram was sooner than the specified  follow-up  period and the patient declined a further 

6-month follow-up  angiogram, only information  on the small vessel was included in the analysis. 

Angiographic follow-up  information  is displayed in Table 4. The mean diameter of  the small 

vessel was 2.34mm and the large vessel was 3.23mm. The overall restenosis rates were 24% and 

15% for  the small and large vessels, respectively. There was a trend toward a reduced restenosis 

rate with the shorter stent length but the study was not powered to show a significant  difference. 

The cumulative frequency  curves for  the small and large vessels pre and post intervention and at 6-

month follow-up  are displayed in Figure 1. Both acute gain (pO.OOl) and late loss (pO.OOl) were 

greater in the large vessel when compared with the small vessel. We calculated maximal intimal 

hyperplasia (MIH) within the stent by dividing late loss by 2 for  each lesion When MIH for  both 

lesions in each patient were compared there was significantly  less MIH within the small stent than 

in the large stent for  each patient (pO.OOl) (Figure 2). 

Small vessel Large vessel P value 
Number of  lesions 87 86 
Vessel reference  diameter (mm) 2.34+/-0.41 3.23+/-0.60 <0.001 
Minimal luminal diameter Pre stent (mm) 0.84+/-0.31 1.13+/-0.46 <0.001 

Post stent (mm) 2.07+/-0.37 2.90+/-0.55 <0.001 
6 months (mm) 1.48+/-0.49 2.24+/-0.74 <0.001 

Diameter stenosis Pre stent (%) 64.1+/-10.45 65.6+/-10.97 0.297 
Post stent (%) 15.7+/-9.24 13.8+/-8.0 0.331 
6 months (%) 38.0+/-18.0 32.3+/-17.6 0.02 

Acute gain (mm) 1.23+/-0.33 1.77+/-0.58 <0.001 
Late loss (mm) 0.60+/-0.17 0.66+/-0.23 <0.001 
Maximal intimal hyperplasia (mm) 0.30+/-0.08 0.33+/-0.12 <0.001 
Restenosis 
Overall 21/87 (24%) 13/86(15%) NS 
Stent length 9 mm 8/44(17%) 1/31 (3%) NS 

16mm 13/43 (30%) 12/55 (22%) NS 

Table 4: Angiographic analysis, mean ± standard deviation 
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Figure 1: Cumulative frequency  curves for  minimal luminal diameter pre procedure, 
immediately post procedure, and at 6 month follow-up  angiography for  small and 
large vessels in the same patients. 
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Figure 2: Maximal intimal hyperplasia (MIH) within the small vessel stent versus the large 
vessel stent for  86 patients with 6 month angiographic follow-up.  The MIH was 
significantly  less within the small vessel stent than in the large vessel stent 
(pO.OOl). 
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There was no significant  difference  in the type of  lesion, according to the ACC/AHA 

classification,  in which restenosis occurred nor was there a significant  difference  in the distribution 

of  restenosis between the small and large vessel. When analysed by lesion site there was a 

difference  in the distribution of  treated lesions with most small vessel lesions in the circumflex 

(43%) and most large vessel lesions in the LAD (44%) (Table 1, p=0.033). In the large vessel, 

69% of  restenotic lesions (> 50% diameter loss) occurred in the LAD (p=0.13, compared to with 

other vessels). There was no evidence that patients with restenosis of  the large vessel were also 

likely to have restenosis of  the small vessel (R=0.17743, p=0.1022). Of  13 patients who had 

restenosis in the large vessel, 4 also had restenosis in the small vessel. 

Discussion 

This study demonstrates that multilesion percutaneous revascularisation by NIR stent deployment, 

including treatment of  at least one lesion in a small calibre vessel, is associated with a good 

clinical and angiographic outcome at 6 months. Late thrombotic stent occlusion did not occur 

indicating that with optimal deployment and appropriate antiplatelet therapy, small vessels can be 

stented safely. 

This study has a unique design comparing outcome of  stenting a small and a large vessel in the 

same patient, rather than relying on randomly matched or historical controls. The same stent 

design was deployed by the same operator for  lesions in both larger (>3.0 mm diameter) and 

smaller (<2.75 mm diameter) calibre vessels in each patient. This design controls for  many factors 

potentially influencing  restenosis including: operator technique; contrast type; catheter laboratory 

protocol and equipment; patient factors  including haematology, vascular biology, circulating 

procoagulant vasoactive and proliferative  growth substances; and pre and post procedural 

medication including antianginal agents, statins, aspirin and ticlopidine. In addition, by using a 9 

cell NIR stent design in the larger vessel, and a 7 cell design in the smaller vessel, the 

configuration  of  the deployed stent and the percent metal coverage of  the vessel wall are similar in 

both the large and the small vessel. Bench studies have shown that a 7 cell NIR stent expanded to 

2.34mm provides a vessel coverage with metal of  21.7% w h i l s t a 9 cell NIR stent expanded to 
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3.23mm provides 20.8% vessel coverage (268). By controlling for  all these factors  our study 

provides a unique insight into the importance of  vessel calibre on restenosis. Our rates of 

restenosis of  24% for  the small and 15% for  the large vessels compare favourably  with previously 

published data (261-264, 269-273). The mean MLD for  the small vessel was less than for  large 

vessels (Table 5 and Figure 1). This may be the result of  the visual judgement of  the stenosis in 

comparison to the reference  diameter, supported by the finding  that the mean percent diameter 

stenosis was similar in both groups at 64.1% for  the small and 65.6% for  the large vessel. 

An interesting finding  was that, within each patient, maximal intimal hyperplasia at 6-month 

follow-up  was significantly  less in the small vessel than in the large vessel. This calls into question 

the predictive computations of  restenosis rates in small vessels extrapolated from  data in larger 

vessel stent studies (274-276). Such analyses will overestimate the restenosis rate in small vessels. 

As only 2 stent lengths (9 and 16 mm) were used, patients were divided into "short" and "long" 

stent subgroups. Although the numbers of  patients in the study were too small to be conclusive, 

there did appear to be an interaction between vessel calibre and stent length with the lowest 

restenosis rate of  3% observed in lesions in larger calibre vessels treated with a 9mm length stent. 

Because more short stents were used in the smaller calibre vessels, the magnitude of  the difference 

in restenosis rates between stenting larger and smaller vessels may have been underestimated in 

this study. 

The study design permitted some insights into the influence  of  patient related factors  on restenosis. 

Of  the 13 patients who developed angiographic restenosis in a large vessel only 4 (31%) also had 

restenosis of  the small vessel, whereas 17 developed restenosis of  the small artery only. This 

suggests that lesion-related factors  may be more important than patient-related factors  in the 

restenotic process. However, without the use of  intravascular ultrasound it remains uncertain 

whether lesions in small vessels are similar in morphology to those in larger vessels, or whether in 

many instances a 'small' vessel is just more diffusely  diseased. 
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It is likely that the indication for  the diagnostic angiogram was related to symptoms secondary to 

the lesion in the large vessel, which usually supplied a larger amount of  myocardium. It is unclear 

whether treating lesions in small coronary arteries produces as much as the symptomatic benefit  as 

treating lesions in larger vessels. 

Study limitations 

While there was a trend to higher restenosis in the small vessel, patient numbers were too small to 

provide the power to show a statistically significant  difference.  However, late loss, and thus 

maximal intimal hyperplasia, was less in the small vessel than in the large vessel. The major 

inclusion criteria, of  a patient requiring two coronary lesions < 16mm in length (one small, one 

large vessel) suitable for  NIR stent deployment, meant that only a small proportion of  those 

undergoing percutaneous intervention at of  each of  the participating centres were eligible for 

enrolment in the study. 

Lesion location may have influenced  the development of  intimal hyperplasia with large vessel 

lesions more likely to be in the left  anterior descending or right coronary than the circumflex, 

compared with small vessel lesions. Previous retrospective studies have shown that lesions in the 

left  descending were more likely to develop restenosis than at those at other sites (240). 

Conclusions 

This study, employing a unique design of  treating patients with coronary lesions in at least two 

vessels, one of  which was of  small calibre and another of  larger calibre demonstrated a good 

clinical outcome after  multilesion NIR stent deployment. There was no subacute thrombosis. 

Although restenosis rates were acceptable, there was a trend to a higher rate in the small vessels 

than in the large vessels. Within patients, late loss, and thus maximal intimal hyperplasia, was less 

in the small vessel than in the large vessel. When the patient, operator and stent type are the same, 

lesion length and vessel diameter appear to be significant  and interacting influences  on the rate of 

restenosis following  stent deployment. Other investigators may wish to adopt this model for  future 

comparative coronary interventional studies. 
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Appendix 

Study Centres and investigators 

Green Lane Hospital - 54 patients; Mark Webster, Peter Ruygrok, James Stewart, John Ormiston, 

Sue Price: Flinders Medical Centre - 19 patients; Justin Ardill: National Heart Centre - 1 3 

patients; Charles Chan, Hoon Mak; Monash Medical Centre - 5 patients; Ian Meredith: Mercy 

Hospital - 3 patients; John Ormiston, Peter Ruygrok. 
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Abstract 

Aim 
To assess the early outcome of  implantation of  the new Multilink™ stent in everyday angioplasty 

practice. 

Methods 
We prospectively collected procedural and 1-month follow-up  data on the first  126 patients (93 

male, mean age 61 ± 9 years) in 3 centres. 

Results 
One hundred and seventy-four  stents were implanted for  134 lesions: the left  anterior descending 

artery in 46%, circumflex  in 20%, right coronary artery in 31% and protected left  main in 3%. The 

indication was elective in 56%, a suboptimal result in 43% and bailout in 1%. The stents were 

deployed at 10.8 ± 1.9 and post-dilated to 15.7 ± 2.4 atmospheres. There were 115 patients who 

received ticlopidine and aspirin, 10 aspirin alone, and 1 warfarin  and aspirin following  the 

procedure. The reference  diameter increased from  3.02 ± 0.44 mm pre- to 3.13 ± 0.43 mm post-

procedure, with the minimal luminal diameter increasing from  0.82 ± 0.47 to 2.86 ± 0.45 mm 

(diameter stenosis 73% pre- and 9% post-procedure). 

The procedural success rate was 93.7%. There were no deaths, 1 (0.7%) Q- and 5 (4.0%) non-Q-

wave myocardial infarctions,  3 (2.4%) emergency bypass operations and 1 (0.8%) repeat 

angioplasty during the hospital admission (median stay 1 day). There were 2 (1.6%) cases of 

subacute stent thrombosis. At 1-month follow-up  there were no additional events, with 88% of 

patients remaining free  of  angina. 

Conclusions 
Implantation of  the Multilink™ stent is safe  and effective  in everyday angioplasty practice, with a 

complication rate comparable to those of  published trials of  carefully  selected patients. 
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Introduction 

Since its introduction by Andreas Gruentzig in 1977 (1), percutaneous transluminal coronary 

angioplasty has become established as an effective  treatment of  selected patients with obstructive 

coronary disease. Acute vessel closure and restenosis remain limitations (4,6,31) and have driven 

the search for  newer technologies. In clinical trials coronary artery stenting reduced the incidence 

of  major adverse clinical events and restenosis in carefully  selected patients (73,74,77). As a result, 

stenting has been undertaken widely in clinical practice, often  in patients who would not have 

satisfied  the criteria for  inclusion in the published clinical trials. In addition, newer stents have been 

developed, which possess superior characteristics to the first  generation of  stents, such as lower 

profile,  greater flexibility  and increased radial strength, and have resulted in the establishment of 

stenting as a mainstay of  coronary angioplasty techniques. The introduction of  the ACS 

Multilink™ stent has further  broadened the choice of  stents available for  implantation into 

coronary arteries (277-279). 

In this article we present the early clinical results of  implantation of  the new ACS Multilink™ stent 

as part of  routine clinical practice in our first  126 consecutive patients. 
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Subjects and methods 

The Multilink™ Stent 
The Multilink™ stent is a stainless steel mesh stent, laser cut from  a tube and composed of 

corrugated rings interconnected by bridges (280). The stent used in this series of  patients was 15 

mm long and mounted on a 3.0, 3.25, 3.5 or 4.0 mm balloon with proximal and distal markers 

helping to identify  the position of  the mounted stent (Figure 1). In the early part of  the series all 

stents were covered with a protective retractable sleeve and thus premounted on an over-the-wire 

balloon, while later the bare stent mounted on a rapid exchange balloon catheter became available 

Figure 1: The Multilink™ stent consists of  stainless steel rings linked by bridges. The stent is 
shown crimped onto an unexpanded balloon in the upper panel and in the expanded 
state in the lower panel. 
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Patients 

One hundred and seventy-four  15 mm long Multilink™ stents were implanted into 134 lesions in 

126 patients at Monash Medical Centre (Melbourne, Australia) and the Mercy and Green Lane 

Hospitals (Auckland, New Zealand), for  everyday clinical indications, namely elective stenting (n = 

75), suboptimal balloon angioplasty result (n = 57) and bailout (n = 1), providing data on the 

implantation of  this stent in routine practice rather than in the trial setting. Patient and lesion 

characteristics and the indications for  stenting are displayed in Tables 1 and 2. 

Number 126 
Age (years) 

Mean 61.0 
Range 41-84 

Male gender 93 (74%) 
Risk factors 

Smoking 16% 
Hypertension 37% 
Diabetes 11% 
Hypercholesterolaemia 70% 
Positive family  history 46% 

Past history 
Myocardial infarction 40% 
Coronary artery bypass grafting 17% 
Coronary angioplasty 18% 

Symptoms 
Stable angina 63% 
Unstable angina 37% 

Medication 
Nitrate 71% 
Beta blocker 70% 
Calcium channel blocker 54% 

Table 1: Clinical Characteristics of  the 126 Patients 
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Lesion location 
Left  main (protected) 3% 
Left  anterior descending artery 46% 
Left  circumflex  artery 20% 
Right coronary artery 31 % 

Lesion type (ACC/AHA classification)  (281) 
A 20% 
B1 47% 
B2 14% 
C 18% 

Preinterventional TIMI flow  grade (11) 
0 10% 
1 2% 
2 4% 

3 84% 

Indication for  stenting 
Elective 56% 
Suboptimal balloon angioplasty 43% 
Bail-out 1% 

Left  ventricular function  in region supplied by stented 
vessel 

Normal 67% 
Hypokinetic 22% 
Akinetic 5% 
Dyskinetic 6% 

ACC/AHA, American College of  Cardiology/American Heart 
Association; TIMI, Thrombolysis in Myocardial Infarction  Trial. 

Table 2: Characteristics of  the 134 Treated Lesions 
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Angioplasty Procedure 
The angioplasty technique and periprocedural medication is similar to that described in earlier 

chapters. Coronary angioplasty was performed  on lesions which were < 1 5 mm in length using 

standard techniques, with a balloon-to-artery ratio for  predilatation of  < 1.2. All procedures with 

both the sheathed and unsheathed systems were performed  using 8 French guiding catheters with 

an internal diameter of  > 0.075 inches. The choice of  stent was entirely dependent on operator 

preference,  perceived advantages in varying clinical situations, and availability. Following stent 

deployment, high-pressure post-dilatation was performed.  Intravascular ultrasound was not used 

routinely, but in 25 patients it was used to facilitate  optimal stent deployment. Ticlopidine (250 

mg) was given before  leaving the catheterisation laboratory if  the patient had not been pretreated. 

Procedural success was defined  as a reduction in minimal luminal diameter to less than 20% of  the 

reference  diameter, by visual assessment, without the (ranked) major complications of  death, 

myocardial infarction,  stroke, coronary bypass surgery or repeat angioplasty in the 24 hours 

following  stent implantation. A non-Q-wave myocardial infarction  was defined  as an elevation of 

the creatine kinase to more than twice the upper limit of  normal. 

Quantitative Angiography 

The reference  diameter, minimum luminal diameter and degree of  coronary stenosis were measured 

using quantitative coronary analysis after  100-200 pg of  intracoronary nitroglycerin, before 

angioplasty and after  optimal stent implantation, using a computer-assisted, automated edge 

detection algorithm (Computer Measurement System MEDIS, Nuenen, The Netherlands, for 

Mercy and Green Lane Hospital angiograms and the Toshiba off-line  system for  analysis of 

Monash Medical Centre angiograms). The absolute reference  diameter and minimum luminal 

diameter in millimetres was determined using the guiding catheter filled  with contrast for 

calibration. The mean value of  2 orthogonal views was used for  analysis where possible, however 

in 15 cases a single view was used. Cineangiography films  were not available for  the analysis of  2 

lesions. Quantative coronary angiographic data were acquired at 2 sites (Green Lane and Monash) 

and subsequently added to the clinical database. 
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Data Collection and Follow-Up 

In this prospective study, demographic, clinical and procedural details were recorded following 

Multilink™ stent implantation and entered into a dedicated database. In all patients an 

electrocardiogram and measurement of  the serum level of  creatine kinase were performed  the day 

after  angioplasty, which was usually the day of  discharge. One-month follow-up  data were 

collected on all but 1 patient who had undergone emergency coronary artery bypass surgery for 

acute closure (99% follow-up).  End-points considered were death, non-fatal  myocardial infarction 

and recurrent angina pectoris requiring repeat coronary angioplasty or coronary bypass surgery. 

Additionally, symptomatic status and antianginal medication were recorded. These data were 

obtained from  the referring  physician or directly from  the patient by letter or telephone. 

Statistical Methods 

Discrete variables are expressed as percent frequencies  and continuous variables as mean ± 

standard deviation. Differences  between discrete variables were assessed with the chi-square test. 

A p value of  < 0.05 was considered significant. 
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Results 

Procedural and Hospital Clinical Outcome 

Over a 7-month period from  February 5 to September 5, 1996, 174 Multilink™ stents were 

implanted in 126 patients. Over this period 610 coronary interventional procedures were performed 

in the 3 centres, 338 of  which involved stenting (55%). The procedural success rate for  Multilink™ 

stent implantation was 93.7%. There were no deaths, 1 Q-wave and 5 non-Q-wave myocardial 

infarctions.  One patient suffered  a transient ischaemic cerebral event, 1 required urgent repeat 

angioplasty and 3 required emergency coronary bypass surgery. There were 3 significant  bleeding 

complications, with 2 patients requiring vascular surgery and 1 patient suffering  rectal bleeding 

which stopped spontaneously. There were 2 subacute thrombotic stent occlusions, both occurring 

within hours of  the stent procedure. The first  was found  to be related to a distal dissection, not 

apparent at the completion of  the initial procedure, and the second was related to "no reflow" 

phenomenon in a stented saphenous bypass graft. 

In 42 patients (33%) Multilink™ stents were implanted as part of  a multistenting procedure, with 

31 patients receiving > 1 Multilink™ stent and 11 receiving other coronary stents. Lesion 

characteristics, indication for  stent deployment and left  ventricular function  in the myocardial 

region supplied by the treated coronary artery are displayed in Table 2. 

Post-procedural antiplatelet therapy, which was at the discretion of  the operator, consisted 

predominantly of  ticlopidine and aspirin and varied a little in dosage and duration between patients 

(Table 3). Only aspirin was given in 10 patients after  strict intravascular ultrasound criteria had 

been met, according to the West European Stent Trial-II (WEST-II) protocol (282). One patient 

was anticoagulated with warfarin  because of  a large thrombus within the left  anterior descending 

artery. In-hospital clinical events are listed in Table 3. There were no deaths. Three patients (2.3%) 

required emergency coronary bypass surgery, 2 because of  a dissection that could not be crossed 

and the other because of  a right coronary artery perforation.  This patient presented with cardiac 

tamponade 2 hours after  the procedure. Post-dilatation had been performed  with a 3.5 mm 

diameter balloon inflated  to 16 atmospheres in a vessel with a reference  diameter of  3.62 mm. The 

former  2 patients suffered  a myocardial infarction  (1 Q-wave, 1 non-Q-wave). 
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Antiplatelet therapy (plus aspirin) 
Ticlopidine 500 mg daily 1 month 
Ticlopidine 250 mg daily 1 month 
Ticlopidine 500 mg daily 2 weeks 
Ticlopidine 250 mg daily 2 weeks 
Warfarin 
Aspirin alone 

In-hospital 
Procedural success 
Admission duration (mean days) 
Death 
Myocardial infarction 

Q-wave 
Non-Q-wave 

Transient ischaemic attack 
Emergency bypass surgery 
Repeat angioplasty 
Subacute thrombotic occlusion 
Bleeding complications 

Additional events at 1 month 
Death 
Myocardial infarction 

Q-wave 
Non-Q-wave 

Coronary bypass surgery 
Repeat angioplasty 
Angina 

No angina 
Stable angina 
Unstable angina 

Medication 
Nitrate 
Beta blocker 
Calcium channel blocker 

19% 
65% 
7% 
0% 
1% 
8% 

93.7% 
2.25 (range 1-30, median 1) 
0 

1 (0.8%) 
5 (4.0%) 
1 (0.8%) 
3 (2.3%) 
1 (0.8%) 
2(1.6%) 
3 (2.4%) 

0 

0 
0 
0 
0 

88% 
11% 
1% 

28% 
55% 
40% 

Table 3: Antithrombotic Therapy and Clinical Events (n = 126) 
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Angiographic Results 

Stent implantation details and quantitative data are displayed in Table 4. 

Implantation characteristics 

Predilatation balloon size (mean) 

Stent delivery balloon size 

2.92 ± 0.61 mm 

3.0 mm 105 

3.25 mm 3 

3.5 mm 65 

4.0 mm 1 

Stent delivery pressure 10.8 atmospheres (6-18) 

Sheathed system 35% 

Post-dilatation balloon size 3.32 ± 0.44 mm 

Maximum post-dilatation inflation  pressure 15.7 atmospheres (0-22) 

Intravascular ultrasound (n) 25 

Quantitative angiographic data (n = 132) 

Pre-stent implantation 

Reference  diameter 

Minimal luminal diameter 

Diameter stenosis 

Post-stent implantation 

Reference  diameter 

Minimal luminal diameter 

Residual stenosis 

3.02 ± 0.44 mm 

0.82 ± 0.47 mm 

72.8% 

3.13 ±0.43 mm 

2.86 ±0.45 mm 

8.6% 

Table 4: Stent Implantation and Angiographic Data (n = 174 Multilink™ Stents) 
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One-Month Clinical Outcome 

No major adverse clinical events occurred in the month following  hospital discharge (Table 3). 

There was a significant  reduction in the severity of  angina (p < 0.05) and the amount of  antianginal 

medication (p < 0.05) at 1 month compared to before  the stenting procedure (Tables 1 and 3). 

Discussion 

Since the publication of  Benestent-I (73) and the Stent Restenosis Study (STRESS) (74), stenting 

of  coronary lesions has become routine in most angioplasty centres, with many interventionalists 

implanting stents in more than 50% of  their patients. The range of  lesion types treated now exceeds 

the boundaries of  the carefully  defined  inclusion criteria of  these and other published studies. The 

stenting of  long lesions, bifurcation  lesions, total occlusions, small vessels and multi-vessel stenting, 

have become commonplace without any apparent changes in the rates of  complications. Newer 

stents have a lower profile,  increased flexibility,  greater radial strength, a greater variety of  lengths 

and easier to use delivery systems, making it possible to treat lesions which were not able to be 

treated with the first  generation of  stents. 

The Multilink™ stent is a new stent which is now available in several lengths premounted on 

various diameter balloons. The introduction of  this stent was carefully  documented in the West 

European Stent Trial (WEST-I) (279) of  102 patients with de novo lesions < 15 mm in length in 

3.0-3.5 mm diameter coronary arteries. There was a low incidence of  major adverse cardiac events, 

despite the use of  classical anticoagulation with warfarin,  aspirin and dipyridamole, which has 

subsequently been shown to be less efficacious  than ticlopidine and aspirin (145). In the WEST-II 

study (282) Multilink™ stents were implanted in similar lesions, and aspirin alone was administered 

after  strict intravascular ultrasound criteria were met. If  these criteria were not met, local 

anticoagulation/antiplatelet regimes were followed.  The results of  this study are awaited, but 

interim assessments did not reveal an excess of  adverse events which would have resulted in its 

premature termination. 
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The purpose of  the present study was to audit the outcome of  Multilink™ stent implantation in 

routine angioplasty practice. At the discretion of  the operator this stent was implanted in a variety 

of  clinical situations including patients with Braunwald class III unstable angina (9), type C lesions 

including those > 15 mm in length, lesions in vessels <3.0 mm in diameter, following  recanalisation 

of  total occlusions and in vessel segments subtending infarcted  myocardium, most of  which were 

exclusion criteria in the Benestent (73,77) and WEST (279,282) studies. The procedural success 

rate was 93.7% with no deaths, 1 Q-wave and 5 non-Q-wave infarctions,  3 patients requiring 

emergency coronary bypass surgery and 1 repeat angioplasty, results which parallel those of  the 

controlled trials (Table 5). The technical details of  the stent procedures, which may have provided 

explanations for  clinical events, were not recorded. However, given the implantation of  this stent in 

a broader range of  angiographic lesions (Table 2) than the published studies, with a similar 

procedural success and subacute occlusion rate, one might speculate that the Multilink has 

properties and qualities at least as good as those used in the other studies. 

The mean reference  diameter of  3.13 mm in our study was similar to that of  the Benestent-I study 

(73) in which the reference  diameter was 3.09 mm, but less than those of  the Benestent-II pilot 

(77) and WEST-I (279) studies. The post-procedural minimal luminal diameter of  2.86 mm, 

resulting in a favourable  residual diameter stenosis of  9%, was greater than in all 3 studies (Table 

5). This highlights our objective of  achieving a 0% final  diameter stenosis, accepting that in a small 

number of  cases this may result in proximal or distal dissection requiring additional stent 

implantation. The practice of  high-pressure post-dilatation of  the implanted stent has become 

routine, with a mean post-dilatation pressure of  15.7 atmospheres in this series. In 14 lesions no 

post-dilatation was performed.  Of  these the lowest deployment pressure was 7 atmospheres and 

this patient subsequently suffered  a subacute stent thrombosis. 

222 



Part  3 - Chapter 

Benestent-I Benestent-II 
Pilot 

WEST-I Current 
Study 

Number of  patients 259 414 102 126 

Angiographic data (post-stenting) 

Reference  diameter (mm) 3.09 3.38 3.25 3.13 

MLD (mm) 2.48 2.77 2.67 2.86 

Residual stenosis (%) 22 18 18 9 

Procedural success (%) 92.7 - 94.1 93.7 

Admission duration (days) 8.5 2.5 6.7 2.25 

Inhospital clinical events (%) 

Death 0 0 0 0 

Coronary bypass surgery 1.6 0.7 2 2.3 

Repeat intervention 1.2 0.5 1 0.7 

Myocardial infarction 

Q-wave 0.8 0.7 2 1 

Non-Q-wave 2.3 1.2 1 4.0 

Subacute stent occlusion 3.5 0.2 1 1.6 

Table 5: Comparison with Benestent-I (73), Benestent-II (77) and WEST-I (279) studies 
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The use of  ticlopidine was routine, with only 1 patient anticoagulated with warfarin  following  the 

procedure due to evidence of  thrombus in the treated vessel. The dose and duration of  ticlopidine 

varied. Most patients (84%) received ticlopidine for  1 month, of  whom 19% received 250 mg daily 

and 65% 500 mg (250 mg b.d.) daily. Seven percent of  patients were prescribed ticlopidine 500 mg 

daily for  2 weeks only. The 2 subacute occlusions both occurred on the day of  the procedure, thus 

no comment can be made on the efficacy  of  ticlopidine 250 mg once daily or on the shorter 

duration of  treatment which may obviate the need for  haematologic monitoring. Since completion 

of  this study, which was performed  solely with 15 mm long Multilink™ stents, the longer 25 mm 

and 35 mm balloon-mounted Multilink™ stents have become commercially available, allowing 

treatment of  longer, more diffuse  lesions without the need for  overlapping stents and the 

consequent additive cost. These long stents are proving to be a useful  addition to our stent 

armamentarium, although outcome data both in terms of  adverse clinical events and the rates of 

restenosis are awaited. 

Conclusions 

The Multilink™ stent can be safely  deployed in routine clinical practice. The immediate and 1-

month results are encouraging, with a high procedural success rate and a low rate of  complications. 
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Abstract 

Background 

Stent delivery has traditionally been performed  after  preliminary balloon predilatation. 

Aim 

This randomised study was to compare equipment costs, fluoroscopy  time and radiation exposure 

in patients randomised to a strategy of  direct stenting or to conventional stenting after  balloon 

dilatation. 

Methods 

Eighty-one patients with suitable lesions in native vessels > 2.5 mm diameter to be covered by 

either a 9 or 16 mm length NIR Primo stent, were randomised to a strategy of  direct stenting 

without predilatation (n=39) with conventional stenting with predilatation (n=42). 

Results 

Equipment cost (mean [median] ± SD) was less in those with direct stenting ($US 1199 [979] ± 

526) than in those with predilatation ($US 1455 [1285] ± 401, pO.OOl). There was no significant 

difference  in contrast use or fluoroscopy  time. Procedural time was shorter in the direct stenting 

group. The clinical outcome at 1 month was satisfactory  in both groups. 

Conclusion 

In selected patients, a strategy of  direct stenting is feasible,  costs less and is quicker to perform 

than the conventional strategy of  stenting following  predilatation. 
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Introduction 

Coronary stenting is an established treatment for  coronary artery disease with randomised trials 

demonstrating improved procedural success, reduced restenosis, and reduced target vessel repeat 

revascularisation with stenting compared with conventional balloon angioplasty 

(73,74,160,234,283). Stent deployment traditionally has been performed  after  preliminary balloon 

dilatation across the stenosis to permit easy, safe  passage of  the delivery system across the stenosis. 

In the United States, predilatation before  stent delivery is the only strategy approved by the Food 

and Drug Administration. It is now technically possible to carry out stenting without predilatation 

in many lesions because of  the improvements in crossing profile  and stent security of  current 

generation delivery systems (265). 

Potential advantages of  direct stenting are reductions in equipment cost, radiation dose, procedural 

time, and radiographic contrast use. Reduced ischaemic times may reduce subtle myocardial 

damage and the avoidance of  balloon dilatation before  stenting may reduce the extent of  vessel 

injury and the subsequent restenotic response (284). Possible disadvantages include failure  to cross 

the lesion with the stent, dislodgement of  the stent, failure  of  the lesion to dilate with resultant 

partial stent deployment and difficulty  with accurate stent placement because of  reduced vessel 

opacification.  Stenting without predilatation has been described in a small number of  registry 

patients using an especially designed balloon and hand crimped stents (285), and there are 

preliminary non-randomised reports of  the safety  of  the strategy of  direct stenting in selected 

patients (286,287). 

The primary aims of  this study were to compare equipment costs, fluoroscopy  time, and contrast 

use in patients randomised to a strategy of  either direct stenting or to conventional stenting with 

predilatation. The secondary aims were to assess the efficacy  and safety  of  the strategy. 
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Methods 
Study population 

Patients were enrolled from  5 centres in New Zealand and 1 in Australia (see Appendix to this 

chapter). Patients were suitable for  randomisation if  they had stable or unstable angina, or 

documented silent ischaemia and 1 or 2 lesions in vessels >2.5mm diameter demonstrated on 

previous angiography and regarded by the operator as suitable for  direct stenting. Included were 

native vessel, de novo or restenotic lesions with no more than mild calcification  to be treated by a 

9mm or 16 mm NIR Primo stent (Boston Scientific,  Galway, Ireland). Both lesions could be in the 

same vessel providing the stents would not overlap. Exclusion criteria were marked proximal 

vessel calcification  or tortuosity, TIMI grade 0 or I flow,  acute myocardial infarction  within the 

previous 48 hours, side branch >2.0 mm diameter which would be covered by the stent, instent 

restenosis, intraluminal thrombus occupying >50% of  the vessel lumen, ostial lesions, left 

ventricular ejection fraction  <35%, and patients whose coronary anatomy had not been 

demonstrated by recent (< 3 months) diagnostic angiography. 

Each hospital's ethics committee approved the protocol and all patients gave written informed 

consent. 

Angiography, randomisation and stent implantation 

Following intracoronary nitroglycerin (100-200 micrograms), at least 3 "orthogonal" preliminary 

angiographic views of  the left  coronary artery or 2 for  the right coronary artery were taken via a 

guide catheter advanced from  the femoral  artery. Views were selected to best display the lesion 

with minimal foreshortening  or vessel overlay. The contrast filled  guide catheter was used for 

calibration. Quantitative angiographic analysis of  cine film  or CDR was with the Cardiovascular 

Measurement System (CMS-Medis Medical Imaging Systems) at the Green Lane Hospital 

Quantitative Angiographic Core Laboratory (163). 
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Following successful  passage of  the guidewire across the lesion, the patient was randomised by a 

numbered envelope. Patients with 2 lesions had both lesions treated with the same strategy. 

Patients randomised to conventional stenting underwent balloon predilatation according to local 

practice. If  the lesion could not be crossed by the stent in those randomised to direct stenting, the 

stent was withdrawn, the lesion predilated, and repeat delivery attempted. For both strategies, 

postdilatation with the delivery balloon or a larger diameter balloon was performed  at the 

operator's discretion to ensure a residual instent residual stenosis of  <20% diameter loss assessed 

visually or by on-line quantitative angiography. Further stenting of  associated dissection, and 

unmasked or uncovered lesion was at the operator's discretion using NIR Primo stents. Peri-

procedural medication was similar to that described in earlier chapters. 

Endpoints 

The primary endpoints of  this study were equipment costs, fluoroscopy  time, and contrast use. To 

assess costs, the number of  guide catheters, angioplasty wires, balloons, and stents was recorded 

for  each patient. The costs of  these items in New Zealand dollars were converted to US dollars for 

each patient. 

Secondary endpoints were procedural time; angiographic success (<30% and < 50% residual 

stenosis by quantitative angiography); number of  balloon inflations;  successful  stent delivery 

according to assigned strategy; need for  predilatation in the direct stenting group; incidence of 

stent dislodgement; hierarchical major adverse cardiac events defined  as death, Q wave myocardial 

infarction,  target vessel repeat revascularisation, non Q wave myocardial infarction  (creatine kinase 

elevation to twice the upper limit of  normal range and, if  measured, elevation of  the MB fraction 

above normal); other adverse events. 

232 



Part  3 - Chapter  5 

Statistical methods 

For each of  the 3 primary endpoints of  equipment costs, fluoroscopy  time, and contrast volume, 

using an 80% power and confidence  of  95%, a sample size was calculated. A null hypothesis that 

these 3 endpoints were the same in the predilatation and direct stenting groups could be rejected 

with a minimum of  26 patients in each group was calculated. To allow for  sampling and other 

experimental error, a sample size of  40 patients was enrolled in each arm. 

Because results were not normally distributed due to outlying data, the non-parametric Mann 

Whitney U test was used to disprove the null hypothesis that the treatment groups were the same. 

A p value of  < 0.05 was considered significant. 

Results 

The patient population of  81 patients included 64 men and 17 women with a mean age of  61 years 

(range 30-79 years). There were no significant  differences  in baseline demographic or clinical 

characteristics between those randomised to stenting with predilatation compared with those 

randomised to direct stenting (Table 1). There were also no significant  differences  between the 

groups in lesion characteristics (Table 2) or quantitative angiographic measurements at baseline or 

after  stent deployment (Table 3). 
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With 
predilatation 

Without 
predilatation 

Patients, (n) 42 39 
Mean age (range) years 60 (30-78) 61 (34-79) 
Male gender 33 31 
Hypertension 18 18 
Hypercholesterolaemia 26 24 
Diabetes 6 1 
Smoker current 10 6 

previous 17 20 
Previous myocardial infarction 14 10 
Angina at screening 

unstable 24 20 
stable class I and II 12 11 
stable class III and IV 6 8 

Medication at screening 
aspirin 42 39 
heparin 4 7 
betablocker 31 32 
calcium antagonist 13 20 
long acting nitrate 20 21 
ACE inhibitor 11 13 
cholesterol lowering 18 18 

Table 1: Baseline clinical characteristics according to treatment strategy. 
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With 
predilatation 

Without 
predilatation 

One lesion 37 38 
Two lesions 5 1 
Lesion site 

left  anterior descending 23 16 
circumflex 11 10 
right coronary 13 14 

Lesion type 
A 16 14 
B1 23 19 
B2 7 7 
C 1 0 

Restenosis 1 1 

Table 2: Lesion characteristics 

With Without 
predilatation predilatation 
mean (SD) mean (SD) 

Before  intervention 
Reference  diameter ,mm 3.17(0.61) 3.08 (0.47) 
MLD, mm 1.01 (0.40) 0.95 (0.34) 
Diameter stenosis, % 68 (10) 69 (12) 
Lesion length, mm 12.2 (5.7) 11.1 (4.6) 

After  stenting 
Reference  diameter, mm 3.34 (0.58) 3.22 (0.51) 
MLD, mm 2.92 (0.49) 2.79 (0.46) 
Residual diameter stenosis % 14(6) 14(4) 

Table 3: Quantitative coronary angiography 
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Cost (mean [median] ± SD) of  equipment (Table 4) was less in the direct stenting group ($US 

1199 [979] ± 526) compared with the predilatation group ($US 1455 [1285] ± 401, pO.OOl). By 

chance, 5 of  6 patients with 2 lesions treated were randomly allocated to the stenting with 

predilatation group (p=0.2). If  these patients were excluded from  analysis, the difference  in 

equipment cost between groups remained highly significant  (pO.OOl). The volume of  radiographic 

contrast medium used and the fluoroscopy  times were not significantly  different  between the 

treatment strategies (Table 4). The procedural time was less for  those randomised to direct stenting 

(26.2 [24.5] ± 17.5 minutes) compared with the predilatation group (29.2 [25.5] ± 10.8 minutes, 

p=0.03). 

With Without 
predilatation predilatation 
mean (median) SD mean (median) SD P 

Equipment cost, $US 1455 (1285) 401 1199 (976)526 0.001 

Contrast volume, mis 226(200)88 192(190) 62 NS 

Fluoroscopy time, mins 7.9 (6.5) 4.3 7.6 (5.4) 7.9 NS 

Table 4: Primary endpoints 

In the 3 patients in whom stent delivery was not possible with the assigned strategy of  direct 

stenting, the stent was removed from  the patient without incident, and then successfully  delivered 

following  predilatation. In all patients successful  stent deployment was achieved with a residual 

stenosis of  < 50% diameter loss by quantitative angiography. Stent expansion with a residual 

stenosis of  < 30% diameter loss was achieved in 96% of  those assigned to predilatation and 98% of 

those assigned to direct stenting. In no patient was the stent dislodged from  the delivery balloon. 

Per lesion, there were fewer  balloon inflations  in those having direct stenting (2.0 ±2.1) than in 

those having stenting with predilatation (3.2 ± 1.5, p< 0.005). 
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Major adverse events were uncommon (Table 5). There were no deaths in hospital or by 1 month. 

There was 1 Q-wave myocardial infarction  in the direct stenting group and 1 non Q-wave 

myocardial infarction  in the predilatation group. The patient who had Q-wave myocardial infarction 

was the only patient who in hospital or by 1 month had repeat target vessel revascularisation. 

With Without 
predilatation predilatation 

Death 0 0 

QMI 0 1 

Non QMI 1 0 

Repeat target vessel revascularisation 0 0 

Table 5: Hierarchical major adverse events in hospital and by 1 month 

Excluding the 2 patients with myocardial infarction  already described, there was a rise in creatine 

kinase MB fraction  to twice the upper limit of  normal following  stenting in 4 patients in the 

predilatation group and 1 patient in the direct stenting group. 
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Discussion 

This multicentre randomised study shows that in selected patients, a strategy of  direct stenting, 

compared with stenting after  predilatation, results in reduced equipment cost and a shorter 

procedural time. These advantages were achieved with no cases of  stent dislodgement, no failure  of 

the stent to expand and with similar adverse events in each group. In the 3 patients in whom direct 

delivery of  the stent was unsuccessful,  the stent was withdrawn and then delivered following 

predilatation. 

Improvements in technology have facilitated  the strategy of  direct stenting. The crossing profile  of 

the current generation NIR Primo stent (1.25 mm) is considerably less than the first  generation 

Palmaz-Schatz delivery system (1.65 mm). Stent security of  the NIR Primo system is high with 

significantly  greater forces  required to dislodge the stent than with hand-crimped stents or some 

delivery systems from  other manufacturers  (265). 

The strategy of  direct stenting without predilatation precludes a strategy of  optimal balloon 

angioplasty with provisional stenting for  unsatisfactory  results. Impetus for  routine stenting in 

larger calibre vessels was provided by the OPUS Trial (249) in which elective stenting of  all 

suitable lesions was superior to provisional stenting with significantly  fewer  combined 

cardiovascular events (death, myocardial infarction,  target vessel revascularisation) at 6 months. 

The total treatment costs were lower in the electively stented group. 

With the strategy of  direct stenting there were fewer  balloon inflations.  A predilating balloon 

longer than the stent delivery balloon may damage a longer segment of  artery than with direct 

stenting. It is possible that direct stenting may cause less vessel trauma than conventional stenting 

thereby reducing the restenotic response (284). This hypothesis will need to be evaluated in a 

larger study with 6 month angiographic follow-up. 

Although our pilot data had suggested that fluoroscopy  time and contrast use would be less with 

direct stenting, the randomised trial data only demonstrated a non-significant  trend in favour  of 

direct stenting. There was however a shorter procedural time in the direct stenting group. 
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Limitations 

The patients randomised were highly selected, with native vessel de novo or restenotic lesions 

which the operator thought could likely be crossed without predilatation. Lesions which were long, 

occluded, in heavily calcified  or tortuous vessels were excluded from  randomisation. Although the 

results cannot be extrapolated to patients with these angiographic features,  many severe lesions 

were included in the trial (mean lesion severity was 69% diameter loss by quantitative 

angiography). The trial was not designed to determine the proportion coronary lesions in 

interventional cardiology practice that are suitable for  this strategy. The trial was also not sized to 

compare possible differences  in clinical outcome between the treatment groups, which would 

require much larger patient numbers. The results are for  the NIR Primo stent delivery system and 

cannot necessarily be extended to other proprietary stent delivery systems with different  profiles 

and different  stent retention characteristics. 

A concern is the possible effect  of  an unequal distribution of  the 6 patients with 2 lesions (1 

randomised to direct stenting and 5 to predilatation) on the primary endpoints. However, excluding 

these 6 patients from  analysis did not change the findings  of  this study. 

Conclusions 

In selected patients, a strategy of  direct stenting is feasible  and costs less than a conventional 

strategy of  stenting following  balloon predilatation. This was achieved with few  adverse events 

including no cases of  stent dislodgement or failure  of  lesion expansion. This strategy should be 

further  evaluated by larger randomised studies sized to evaluate clinical outcome both immediately 

and at 6 months post procedure. 
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Abstract 

Background 

Angiographic restenosis following  percutaneous coronary interventional procedures is more 

common than recurrent angina. Clinical and angiographic factors  associated with asymptomatic 

versus symptomatic restenosis following  percutaneous coronary intervention were compared. 

Methods and Results 

All patients with angiographic restenosis from  the BENESTENT I, BENESTENT II pilot, 

BENESTENT II, MUSIC, WEST 1, DUET, FINESS 2, FLARE, SOPHOS and ROSE studies 

were analysed. Multivariate analysis evaluated 46 clinical and angiographic variables comparing 

those with and without angina. The 10 studies recruited 2690 patients who underwent 

percutaneous revascularisation and 6 month follow-up  angiography (86% of  those eligible). 

Restenosis (>50% diameter stenosis) occurred in 607 patients and was clinically silent in 335 

(55%). Male gender (p=0.008), absence of  anti-anginal therapy with nitrates (p=0.0002) and 

calcium channel blockers (p=0.02) at 6 months, greater reference  diameter post-procedure 

(p=0.04), greater reference  diameter at follow-up  (p=0.004) and lesser lesion severity (percentage 

stenosis) at 6 months (p=0.0004), were univariate predictors of  asymptomatic restenosis. Using 

multivariate analysis only male gender (p=0.04), greater reference  diameter at follow-up  (p=0.002) 

and lesser lesion severity at 6 months (p=0.0001) were associated with restenosis without angina. 

Conclusions 

Approximately half  of  patients with angiographic restenosis have no symptoms. The only 

multivariate predictors of  silent restenosis at 6 months were male gender, greater reference 

diameter at follow-up  and lesser lesion severity on follow-up  angiography. 
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Introduction 

Restenosis remains the major shortcoming following  percutaneous intervention, with reported rates, 

in recent times, varying between 10 and 40%. A combination of  patient factors,  such as diabetes, 

lesion variables including length and vessel size, and type of  revascularisation device, all influence 

the likelihood of  restenosis (275,276,288,289). With the evolution of  core laboratories, such as 

Cardialysis in Rotterdam, large databases of  clinical and angiographic data provide a unique 

opportunity to identify  factors  that may influence  the restenotic process. 

One consistent observation of  studies evaluating patient outcome following  percutaneous coronary 

interventional procedures is the disparity between the incidence of  restenosis in those patients 

undergoing systematic angiographic follow-up  6 months after  the interventional procedure, and the 

rate of  repeat target lesion revascularisation in those with clinical follow-up  and symptom driven 

repeat angiography (160,290). The clinically driven repeat revascularisation rate is often 

approximately half  the angiographic restenosis rate, and routine angiography 6 months post-

intervention clearly influences  the likelihood of  re-intervention (291). 

There is little information  on the differences  in patient or lesion characteristics between those 

patients who develop restenosis with recurrent symptoms and those in whom restenosis is clinically 

silent. This study evaluates patients from  10 interventional coronary angioplasty or stent trials, each 

enrolling between 102 and 1054 patients, with planned 6 month follow-up  angiography. 

Multivariate analysis was used to assess those clinical or angiographic factors  possibly associated 

with asymptomatic as opposed to symptomatic restenosis. 
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Methods 

Patient Population 

Patients enrolled in 10 percutaneous coronary interventional studies (73,77,160,290,292-297) 

undertaken over a period of  9 years, who underwent planned 6 month angiographic follow-up  were 

considered for  analysis. Of  these studies 2 were randomised trials of  stent deployment versus 

balloon angioplasty (BENESTENT I, BENESTENT II), 6 were registries of  newer stent designs 

(BENESTENT II pilot, DUET, FINESS 2, ROSE, SOPHOS, WEST I), 1 assessed the efficacy  of 

intravascular ultrasound guided stent implantation (MUSIC) and another studied the effect  of  a 

cholesterol lowering agent on restenosis rates in patients undergoing balloon angioplasty (FLARE) 

(abbreviations and acronyms - see glossary). The 10 studies are summarised in Table 1. Baseline 

characteristics of  patients enrolled in these studies are shown in Table 2. All clinical information 

was monitored and forwarded  to the core laboratory (Cardialysis, Rotterdam) and entered into the 

study databases. Studies were approved by institutional ethics committees and written informed 

consent was obtained from  all patients. 

Study name No. of  pts Nature of  study Stent type 

BENESTENT I 516 stent vs balloon Palmaz-Schatz 

BENESTENT II pilot 203 stent registry Hep. coated PS 

BENESTENT II 827 stent vs balloon Hep. coated PS 

DUET 210 stent registry Multilink 

FINESS 2 156 stent registry NIR 

FLARE 1054 balloon + fluvastatin 

MUSIC 161 stent (IVUS guided) Hep. coated PS 

ROSE 120 stent registry Benestent 

SOPHOS 425 stent registry BiodivYsio 

WEST I 102 stent registry Multilink 

Table 1: The 10 percutaneous interventional studies with angiographic follow-up. 
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No. Patients 516 203 827 210 156 1054 161 120 425 102 

Age (years) mean 57 58 58 60 60 60 59 58 59 61 

Range 31-78 31-76 26-83 33-87 32-83 30-85 31-78 36-82 29-84 33-82 

Male (%) 81 84 79 80 81 82 82 80 74 81 

Angina Stable (%) 58 68 51 68 54 83 50 48 53 84 

Unstable (%) 42 30 42 29 40 5 30 44 41 15 

Silent (%) 0 2 6 3 6 12 20 8 6 1 

Diabetes (%) 6 8 12 14 21 2 11 15 13 11 

Previous MI (%) 19 23 26 42 43 35 26 36 32 33 

Previous CABG (%) 1 3 2 3 4 5 3 4 3 2 

Previous PTCA (%) 3 6 7 15 16 9 9 22 12 4 

Table 2: Patient characteristics. 

All patients who underwent 6-month angiographic follow-up  and had complete clinical and 

angiographic data were analysed. In the Benestent II and SOPHOS studies only those assigned to 

angiographic follow-up  were enrolled. Of  interest were those who had no symptoms of  angina at 6 

month clinical follow-up  and angiographic restenosis, defined  as a >50% diameter stenosis at the 

treated site. Forty-six clinical and angiographic factors  were entered into an univariate and 

multivariate analysis to establish whether any were predictive of  asymptomatic or silent restenosis 

(Table 3). 
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Variable Asymptomatic Symptomatic Odds ratio 95% 

confidence 

interval 

P value 

Age (years) 59.9 59.2 
1.79 1.17-2.75 

0.39 
Male gender 86.6 % 78.3 % 1.79 1.17-2.75 0.008 
Hypertension 36.4 % 40.8 % 0.27 
Diabetes mellitus 11.9% 14.0% 0.46 
Smoking: Never 25.1 % 28.3 % 0.63 

Ex smoker 49.6 % 25.7 % 
Current 25.4 % 46.0 % 

0.07 Hypercholesterolemia 39.9 % 49.4 % 0.07 
Family history of  heart disease 33.3 % 35.2 % 0.67 
Previous myocardial infarction 29.6 % 30.9 % 0.72 
Pathological Q waves at screening 16.6% 16.4% 0.97 
Previous PTCA 6.6 % 8.5 % 0.38 
Previous CABG 1.5% 3.7 % 0.095 
Peripheral vascular disease 7.7 % 7.9 % 0.93 
Multiple vessel disease 14.7% 19.3% 0.13 
Angina status at screening: Silent 8.7 % 3.7 % 0.49 

Stable 62.4 % 75.4 % 
Unstable 29.0 % 21.0% 

Beta-blocker at screening 68.2 % 64.5 % 0.53 
Nitrates at screening 64.2 % 66.4 % 0.72 
Calcium channel blocker at screening 38.5 % 41.1 % 0.67 
Aspirin at screening 93.2 % 91.2% 0.57 
Dipyridamole at screening 0.8 % 2.1 % 0.44 
Heparin at screening 18.7% 10.3% 0.09 
Coumadin / Warfarin  at screening 3.2 % 2.1 % 0.59 
Diuretics at screening 5.8 % 8.8 % 0.36 
ACE inhibitor at screening 18.7% 27.5 % 0.11 
Reference  diameter pre-intervention (mm) 2.83 2.76 0.07 
Diameter stenosis pre-intervention (%) 65.6 % 65.7 % 0.93 
Pre-intervention MLD (mm) 0.96 0.93 0.39 
Left  main lesion stenosis screening 0 % 1.1 % 0.99 
LAD lesion stenosis screening 60.1 % 59.2 % 0.82 
Circumflex  lesion stenosis screening 25.5 % 31.5% 0.11 
RCA lesion stenosis screening 29.1 % 30.7 % 0.68 
Reference  diameter post-intervention (mm) 2.97 2.89 1.43 1.02-2.02 0.04 
Pathological Q waves at discharge 16.8 % 16.2% 0.87 
Angina status at discharge: None 86.8 % 91.6% 0.72 

Silent 12.5 % 5.3 % 
Stable 0 % 2.1 % 
Unstable 0.7 % 1.1 % 

Beta-blocker at follow-up 50.0 % 61.3% 0.17 
Nitrates at follow-up 16.7% 45.2 % 0.24 0.11-0.50 0.0002 
Ca. Channel blocker at follow-up 26.0 % 43.6 % 0.46 0.23 - 0.90 0.02 
Aspirin at follow-up 91.5% 94.8 % 0.29 
Dipyridamole at follow-up 41.9% 40.5 % 0.82 
Heparin at follow-up 0 % 1.9% 0.99 
Coumadin / Warfarin  at follow-up 7.0 % 5.8 % 0.78 
Diuretics at follow-up 12.7 % 11.5% 0.85 
ACE inhibitor at follow-up 25.3 % 38.6 % 0.09 
Pathological Q waves at follow-up 15.1 % 19.4% 0.32 
Reference  diameter at follow-up  (mm) 2.91 2.77 1.61 1.17-2.240 0.004 
Diameter stenosis at follow-up  (%) 62.4 % 66.6 % 0.98 0.97-0.99 0.0004 
MLD at follow-up  (mm) 1.09 0.92 2.26 1.58-3.27 0.0001 

Table 3: Forty-six clinical and angiographic variables analysed for  univariate predictors of 
silent as opposed to symptomatic restenosis (>50% diameter stenosis). 

247 



Part  3 - Chapter 

Angiographic analysis 

All procedural and follow-up  angiograms were sent to the core laboratory (Cardialysis, Rotterdam, 

The Netherlands) and analysed by the Cardiovascular Angiography Analysis System, which has 

previously been validated (266,267). For each patient, several matched angiographic views were 

obtained after  intracoronary administration of  nitrates. Patients with an unsuccessful  procedure or 

without angiographic follow-up  were excluded from  the analysis. For patients who had undergone 

multi-lesion coronary angioplasty, the most severe restenotic lesion at follow-up  was entered into 

the analysis. The minimal luminal diameter and reference  diameter obtained by an interpolated 

method were determined on an end-diastolic frame. 

Statistical Analysis 

Statistical analysis was performed  using the SAS version 6.12 software  package (SAS Institute, 

Cary, North Carolina). Continuous variables were compared using Student's t test and the categoric 

variables by the Fisher's exact test. We performed  a logistic regression on the dependent variable Y, 

where Y=1 for  patients with asymptomatic restenosis and Y=0 for  patients with symptomatic 

restenosis. As explanatory variables we considered 46 clinical and angiographic variables. We 

executed a univariate logistic regression defined  by the formula  Log (P[ Y=1 ] / ( P[ Y=0 ] ) ) = A 

+ B*X, with X as the explanatory variable, A the intercept, and B the regression parameter. 

Multivariate logistic regression defined  by the formula  Log (P[Y=1] / (P[Y=0])) = A + B(1)*X(1) 

+ B(2)*X(2) + ... + B(n)*X(n) with X(l),...,X(n) as the explanatory variables, A the intercept and 

B(1),...,B(n) the regression parameters was then performed.  With the stepwise procedure a group 

of  explanatory variables was selected that as a group were multivariate significant.  Logistic 

regression analysis was also performed  for  the patients treated with an intracoronary stent. A p 

value of  < 0.05 was considered significant. 
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Results 

Four thousand and thirteen lesions were treated in 3774 patients in the 10 studies. In 2 studies 

(BENESTENT II and SOPHOS) patients were allocated 6 month clinical and angiographic follow-

up or clinical follow-up  alone; thus approximately one half  of  patients from  these studies were not 

included in our analysis. Nineteen percent of  patients declined follow-up  angiography, leaving 

2690 patients with complete clinical and 6 month angiographic data. Of  these patients restenosis 

defined  as a >50% diameter stenosis occurred in 607 giving a restenosis rate of  23%; in 335 (55%) 

patients this was not associated with symptoms of  angina. Most patients had moderate restenosis; 

only 5% had >70% diameter stenosis. 

The significant  univariate predictors of  silent as opposed to symptomatic restenosis (diameter 

stenosis >50%) were: male gender, absence of  nitrate and calcium channel blocker use at 6 month 

follow-up,  reference  diameter post-procedure, reference  diameter at 6 month follow-up  and lesion 

severity at 6 months (minimal luminal diameter and percentage diameter stenosis) (Table 3). The 

cumulative frequency  curves for  minimal luminal diameter and diameter stenosis comparing those 

with symptomatic and asymptomatic restenosis are depicted in Figure 1. Using a multivariate 

analysis only male gender (p=0.04, Odds ratio 1.65, 95% confidence  interval 1.02 - 2.70), greater 

reference  diameter at follow-up  (p=0.002, odds ratio 1.73, 95% confidence  interval 1.22-2.48) and 

lesser lesion severity (percentage stenosis) at 6 months follow-up  angiography (p=0.0001, odds 

ratio 0.93, 95% confidence  interval 0.91 - 0.96) were associated with silent restenosis. 
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Figure 1: Cumulative frequency  curves for  minimal luminal diameter (MLD) and diameter 
stenosis comparing symptomatic and asymptomatic patients with >50% stenosis at 
6-month angiographic follow-up. 
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Mean vessel calibre was smaller in women than men (reference  diameter 2.74mm versus 2.88mm, 

p=0.01), and women also tended to have a smaller mean MLD than men at follow-up  angiography 

(MLD 0.97mm, versus 1.02 mm, p=0.27). There was no difference  between women and men in 

mean percentage diameter stenosis (64.5% versus 64.2%, p=0.87). 

An analysis was also performed  on those patients who were treated with an intracoronary stent. Of 

the 1469 patients who received a stent from  a variety of  manufacturers,  242 developed restenosis 

(16%), of  whom 58% were asymptomatic (as opposed to 53% in the balloon group, p=0.317). 

The univariate predictors of  asymptomatic restenosis were unstable angina at screening (p=0.019), 

absence of  calcium channel blocker (p=0.023) and nitrate (p= 0.0002) use at 6 month follow-up 

and presence of  heparin use at the time of  screening (=0.0179). By multivariate analysis, unstable 

angina at the time of  screening (p=0.03) and absence of  nitrate use at 6 months (p=0.0001) were 

associated with silent restenosis. 
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Discussion 

Large studies of  patients undergoing percutaneous coronary intervention with planned 6 month 

angiographic follow-up  have identified  the clinical and angiographic predictors of  restenosis. These 

studies have also demonstrated that angiographic restenosis is more frequent  than clinically-driven 

repeat target lesion revascularisation. This analysis demonstrates that over half  of  patients with 

angiographic restenosis have no symptoms of  angina 6 months post-intervention. Our finding  that 

55% of  patients with restenosis were asymptomatic is similar to the 48% reported in the study of 

Hernandez et al, which was a rigorous evaluation of  277 consecutive patients with restenosis 

following  balloon angioplasty (298). Earlier studies reporting a lower proportion of  asymptomatic 

restenosis have major design limitations including small patient numbers, incomplete angiographic 

follow-up  and variable time to follow-up  angiography (102,299,300). 

In this series of  patients enrolled in 10 percutaneous intervention studies, the overall restenosis was 

23%; only one fifth  of  those with restenosis had >70% diameter stenosis. Univariate predictors of 

asymptomatic restenosis were male gender and absence of  anti-anginal medication use, greater 

reference  diameter post-procedure, greater reference  diameter at follow-up  and lesser lesion 

severity at 6-month follow-up.  By multivariate analysis only male gender, reference  diameter at 

follow-up  and lesser lesion severity at 6 months were associated with asymptomatic restenosis. 

Previous studies have demonstrated that the angiographic MLD rather than percentage diameter 

stenosis predicts recurrent symptoms following  coronary intervention with a threshold of  1.35-1.50 

mm (301,302). This is consistent with our finding  that males were more likely than females  to have 

restenosis without symptoms as the women in this study had smaller calibre arteries than men, no 

difference  in percentage diameter stenosis and a trend to a smaller MLD. 
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Other factors  relating to attitude and perception of  pain may also play a role. Several studies have 

documented a gender bias in referral  for  diagnostic procedures and treatment of  patients with 

coronary artery disease (37,303-305). The initial diagnosis of  angina in women is made more slowly 

than in men as often  chest pain is attributed to other causes (37). However, following  intervention, 

men may experience less pain, experience pain that they do not identify  as a recurrence of  angina, or 

do not admit to recurrent symptoms. Alternatively, women, once proven to have coronary artery 

disease, may present earlier with recurrent angina. A combination of  these factors  may contribute to 

the gender difference. 

Absence of  use of  nitrates and calcium channel blockers at follow-up  were univariate predictors of 

asymptomatic restenosis. Although recurrent symptoms would be expected to precede the re-

institution of  anti anginal treatment, cause and effect  is not self-evident.  It is possible that those with 

a restenotic lesion of  lesser severity had no symptoms and therefore  were not commenced on 

medication whilst those with a more severe progressive lesion may have been treated with 

escalating doses of  anti-anginal agents. While symptomatic patients may be on more medication, it 

is also plausible that patients on more treatment may have fewer  symptoms. By multivariate analysis 

lesser lesion severity was in fact  a predictor of  asymptomatic restenosis suggesting that moderate 

restenosis (lesion severity 50-60%) may often  be associated with no recurrent symptoms. Repeat 

intervention on such lesions may not be warranted because they are associated with a good clinical 

outcome and may regress over the next two to five  years (163,164,306). Routine 6-month follow-

up angiography, and resultant higher rates of  repeat intervention, may be related to a lower 10 year 

mortality rate (154,291). 

The predictors of  asymptomatic restenosis in the subgroup undergoing stent deployment were 

absence of  the use of  nitrates at 6-month follow-up  and unstable angina at initial presentation. It is 

possible that stents may have a "plaque stabilising" effect  in the relief  of  symptoms in acute 

coronary syndromes (as opposed to stable angina). 
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An unexpected finding  was that diabetes was not a predictor of  asymptomatic restenosis. Patients 

with diabetes are more likely than those without to have suffered  a silent myocardial infarct,  and are 

less likely to have symptoms in association with myocardial ischaemia during treadmill stress testing 

or Holter electrocardiography, perhaps due to a sensory neuropathy (307,308). On the other hand, 

one reason that those with diabetes may have worse angina than those without, is that diabetes is 

associated with reduced collateral development (309). Such collateral formation  may be particularly 

important in the prevention of  angina when there is slow and progressive lesion development, as 

occurs with restenosis. Hence, a lack of  collateral formation  may offset  a tendency to reduced 

symptoms from  diabetic neuropathy, with diabetes having no net effect  on silent versus 

symptomatic restenosis. 

Study limitations 

Although there was some standardisation of  clinical and angiographic data collection, only data 

common to all 10 study databases were included in the analysis. Collateral vessel formation,  which 

may have a significant  bearing on the presence or absence of  symptoms associated with restenosis, 

was not assessed in a standardised manner and thus could not be analysed. 

Exclusion criteria for  coronary interventional studies mean that the study population is carefully 

selected and probably at lower risk for  restenosis than an unselected population of  patients. This 

may influence  the rate of  asymptomatic restenosis and its predictors. 
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Conclusions 

Men are more likely than women to have recurrent symptoms if  they develop restenosis following 

percutaneous coronary revascularisation. The only other multivariate predictor of  recurrent 

symptoms was greater lesion severity at 6 month follow-up  angiography. 
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Abstract 

Aims 
To report coronary angioplasty data collected by the New Zealand Coronary Angioplasty Registry 

from  1995-1998. 

Methods 
Information  on all patients undergoing attempted coronary angioplasty in 8 New Zealand 

institutions was recorded on a datasheet at the time of  or soon after  the procedure. These were 

forwarded  to the registry based at Green Lane Hospital, for  entry into a dedicated database and 

subsequent analysis. 

Results 
Over the 4-year period, 8395 angioplasty procedures were performed  by 26 cardiologists in 8 

coronary interventional facilities  in New Zealand, with a procedural success rate of  94%. 

Procedural numbers grew steadily over this period with 55% more coronary angioplasties 

performed  in 1998 than in 1995 (p=0.02). The New Zealand national angioplasty rate, which rose 

from  459/million population in 1995 to 684/million in 1998, remains lower than that of  Australia 

and Western European countries. Excluding those that underwent angioplasty for  acute 

myocardial infarction,  the number of  peri-procedural deaths was similar with 6 in 1995 and 4 in 

1998 (p=0.30) and the requirement for  emergency bypass surgery fell  from  22 cases in 1995 to 3 

in 1998 (pO.OOl). The use of  stents increased dramatically with 85% of  patients receiving a stent 

in 1998 compared with 23% in 1995 (370% increase, pO.OOl). This was associated with a 

reduction in the number of  patients requiring repeat interventions for  restenosis (10.7% in 1995 to 

6.4% in 1998, pO.OOl). 

Conclusions 
There has been a steady growth in both the numbers of  patients with coronary artery disease 

treated by coronary angioplasty and a growth in number treated by intracoronary stents from  1995 

to 1998. The need for  urgent coronary bypass surgery has fallen.  Continued submission of 

complete and accurate data to the coronary angioplasty registry is vital to the ongoing audit of  this 

treatment in New Zealand. 
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Introduction 

Since the introduction of  percutaneous transluminal angioplasty by Andreas Greuntzig in 1977 

(1), there has been an extraordinary growth in the use of  this technique to treat patients with 

coronary artery disease. With refinements  in equipment, the introduction of  intracoronary stents 

by Jacques Puel and Ulrich Sigwart in 1986 (66), and increased operator experience, coronary 

intervention has become safer,  faster  and has resulted in almost as many angioplasty procedures 

being performed  per annum as coronary artery bypass operations. 

Percutaneous balloon angioplasty was introduced into New Zealand in both Dunedin and 

Auckland in 1981 with the first  procedures in these two centres performed  by Dr Michael Ablett 

and Dr Antony Roche respectively. Dr Gerry Wilkins implanted the first  intracoronary stent in 

1989 (310). The interventional community saw the need for  audit, accountability and accurate 

record keeping and in 1994 established a national coronary angioplasty registry, endorsed by the 

Cardiac Society of  Australia and New Zealand. 

Patients and Methods 
Patient population 

Since July 1994 information  on all patients undergoing attempted coronary angioplasty in 8 New 

Zealand institutions has been recorded onto a single sided datasheet at the time of,  or soon after 

the procedure. The datasheets are then forwarded  to the National Coronary Angioplasty Registry 

at Green Lane Hospital and entered into a dedicated database, the hardware and software  for 

which was provided by Dr John Ormiston. 

A coronary angioplasty procedure was defined  as a catheter laboratory based procedure in which a 

guide is introduced into a coronary artery with the intention of  subsequently opening and dilating 

an obstructive coronary lesion using a balloon catheter. Cases in which a guide wire was used for 

the purpose of  "winching-in" a diagnostic catheter in order to achieve satisfactory  angiographic 

images (for  example in an internal mammary artery), or for  isolated diagnostic or research based 

intracoronary ultrasound were not included. 
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Data collected included patient and centre demographics, clinical, angiographic, procedural and 

outcome information.  A list of  definitions  is presented in Table 1. 

Stable angina 

Unstable angina 

Primary angioplasty 

Graded Class I-IV according to the Canadian Cardiovascular Society 

functional  classification  (8) 

Graded Class I-III according to the Braunwald classification  (9) 

Coronary angioplasty undertaken as primary management of  an acute 

myocardial infarction 

Rescue angioplasty Coronary angioplasty undertaken after  medical intervention usually with 

thrombolysis has failed  to achieve reperfusion  and cardiovascular stability 

Reduction of  luminal narrowing to <50% in at least one attempted lesion 

without major complication 

Reduction of  the luminal narrowing to <50% without major complication 

Need for  urgent operation due to ongoing myocardial ischaemia despite (or 

because of)  attempted angioplasty 

Major complication Death, non-fatal  myocardial infarction  or emergency bypass surgery 

Procedural success 

Lesion success 

Emergency CABG 

Table 1: Definitions 

Angioplasty procedure 

Coronary angioplasty was performed  according to standard methods with minor variations 

according to the devices employed and local practice. Patients were generally on optimal 

antianginal medication before  the procedure and unless there was a contraindication, all were pre-

treated with aspirin. Most patients in whom the procedure was elective were discharged home the 

day following  the procedure. 
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Statistical methods 

Continuous variables are expressed as means +/- standard deviation. Discrete variables are 

expressed as counts or percentages and are compared in terms of  relative risks with 95% 

confidence  intervals calculated by the formula  of  Greenland and Robins. Comparison of  trends 

was done using standard linear regression and comparison of  slopes (GB-STAT software).  A p 

value of  <0.05 was considered significant. 

Results 

Patients and procedures 

From January 1995 to December 1998, 8395 coronary angioplasty procedures were performed  by 

26 cardiologists in 8 New Zealand institutions (Table 2), with an average of  271/year per 

institution. In 1995 1673 interventional procedures were performed  compared with 2592 in 1998 

giving a growth of  55% over the 4-year period (p=0.019). The national rate grew from 

459/million population/year in 1995 to 684/million/year in 1998. The mean waiting time for  all 

patients, including both (acute) inpatients as well as (waiting list) outpatients was 19.4 days (per 

centre mean range 2 to 63 days, 0 to 1031 days overall). Data for  those admitted from  waiting lists 

(as opposed to acute inpatients) was not available. The mean waiting time for  those patients with 

stable angina was 33.8 days in 1995 and 33 days in 1998, and for  those with unstable angina 

increased from  5.3 days in 1995 to 9.5 days in 1998. The mean waiting time for  public hospitals 

was 25 days compared to 10 days for  private institutions. Patient demographics and symptoms are 

displayed in Table 3. Angiographic information  is displayed in Table 4. 
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Year 1995 1996 1997 1998 

Centre 

Christchurch 35 49 36 192 

Dunedin 409 452 486 364 

Green Lane 596 496 550 610 

Mercy 167 240 316 373 

Southern Cardiothoracic 0 62 92 146 

Waikato 268 287 302 330 

Wakefield 67 75 114 156 

Wellington 131 171 292 421 

Total 1673 1832 2298 2592 

Table 2: Number of  coronary angioplasty procedures performed  in New Zealand 1995-
1998. 

Year 1995 1996 1997 1998 

Age (years) 

Mean 59.2+/-10.3 59.3+/-10.5 60.4+/-10.8 60.6+/-10.8 

Range 27-85 26-87 21-92 23-92 

Gender Male % 73.2 75.0 73.5 73.6 

Angina: 

Stable % 57.5 53.5 53.3 43.0 

Unstable % 34.2 37.0 38.3 51.3 

Acute MI % 8.3 9.5 8.4 5.7 

Table 3: Patient demographics and symptomatic status. 
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Year 1995 1996 1997 1998 

Lesion site %: 

Left  main 1.2 

LAD 35.8 

Circumflex  26.9 

RCA 32.0 

Bypass graft  4.0 

No. of  lesions treated 

per procedure 1.44 

Stent procedures % 23 

Other devices: 

DCA % 3.5 

RA % 1.0 

Procedures for  restenosis % 

Total 10.7 

Instent 0 

1.2 1.0 1.1 

36.3 33.7 42.2 

25.5 27.4 21.9 

31.4 33.5 34.9 

5.7 4.4 4.3 

1.49 1.50 1.50 

49 75 85 

1.0 0.4 0.2 

0.2 0.2 0.5 

10.5 7.3 6.4 

3.6 3.7 5.3 

Table 4: Angiographic data 
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Technique 

Over the 4-year period most of  the 8395 procedures were undertaken via the femoral  artery 

approach (99.2%) with a small number via the radial (0.7%) and brachial (0.2%) arteries. With 

refinement  in both balloon and stent technology, the use of  8 French size guiding catheters 

decreased from  82% in 1996 to 38% in 1998, with a corresponding increase in the use of  6 French 

catheters from  15% to 61%. Few 7 French catheters were used. 

The use of  coronary stents increased dramatically over the 4-year period (Table 4, figure  1). In 

1995 23% of  procedures involved stent implantation, increasing to 49% in 1996, 75% in 1997 and 

85% in 1998 (p=0.006). For stent procedures, the antiplatelet agent ticlopidine, in combination 

with aspirin, was employed in 93% of  patients in 1996 and in 97.6% of  patients in 1998 (1995 not 

recorded). The use of  abciximab, a Ilb/IIIa glycoprotein inhibitor, increased from  0 procedures in 

1995, to 57 (3%) in 1996, 149 (6%) in 1997 and 289 (11%) in 1998. The use of  other devices 

remained infrequent  over the study period with directional atherectomy (DCA) declining from 

3.5% to 0.2% and rotational atherectomy (RA) used in less than 1% of  procedures in any year. 
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Immediate outcome 

Excluding those patients who underwent angioplasty for  an acute myocardial infarction,  treatment 

of  a total number of  11792 lesions was attempted in the 7863 procedures (mean of  1.50 lesions 

per procedure). Of  these, 10991 were successfully  treated, giving a lesion success rate of  93.2%. 

The lesion success rate increased from  92.0% in 1995 to 94.5% in 1998. The percentage of  lesion 

failures  attributed to an in ability to successfully  open an occluded vessel (TIMI flow  0) over the 

study period was 51%. Over the study period there no significant  fall  in peri-procedural deaths, 

with 6 in 1995 and 4 in 1998 (0.38% to 0.16%, p=0.30) whilst the need for  emergency coronary 

artery bypass surgery fell  from  22 to 3 (1.5% to 0.12%, pO.OOl). Data on peri-procedural 

myocardial infarction  was incomplete because of  differing  institutional policies on measurement 

of  cardiac enzymes, and therefore  has not been reported. The length of  hospital stay, from  the 

time of  angioplasty, decreased from  a mean of  2.94 days in 1995 to 1.83 days in 1998 (pO.OOl). 

The number of  procedures in public hospitals increased from  1439 in 1995 to 1917 in 1998 (33% 

increase), whereas in private hospitals the increase was from  234 (14% of  total) in 1995 to 675 

(26% of  total) in 1998 (188% increase). 

Over the 4 year period 530 interventions were performed  for  acute myocardial infarction  (111 in 

1995, 131 in 1996, 139 in 1997, 149 in 1998). Data on these patients are displayed in Table 5. 
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Year 1995 1996 1997 1998 

Total 111 

Age (years) 

Mean 60 

Range 27-84 

Gender male 76% 

Primary angioplasty 93 

Rescue angioplasty 4 

Cardiogenic shock 18 

Complications 

Death 12(11%) 

Emergency CABG 3 (3%) 

131 139 149 

59 62 59 

26-80 22-85 23-85 

79% 78% 71% 

107 98 118 

19 40 29 

14 19 25 

9(7%) 14(10%) 8(5%) 

4 (3%) 3 (2%) 0 

Table 5: Coronary angioplasty for  acute myocardial infarction 
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Discussion 

Cardiovascular disease remains the major cause of  mortality, accounting for  41% of  all deaths, 

and morbidity in New Zealand (311). Whilst primary prevention remains the ultimate goal, we are 

confronted  with an increasing number of  patients with significant  obstructive coronary artery 

disease requiring revascularisation in order to relieve the symptoms of  angina and in some clinical 

situations prolong life. 

Since its introduction in 1977, coronary angioplasty has become established as a safe  and 

effective  revascularisation strategy so that currently at least as many patients are now being 

treated by angioplasty as by coronary bypass surgery. In Europe 278,982 coronary interventions 

were performed  in 1995 compared with 184,330 CABG operations (312). In New Zealand the 

growth of  angioplasty has paralleled that of  other Western countries, although the number per 

million population has lagged behind those with which we traditionally have enjoyed comparison. 

For example in 1995, 629 angioplasties were performed  per million population in Australia 

compared with 459 in New Zealand (312). In the same year 310 were performed  per million 

inhabitants in the United Kingdom, 866 in the Netherlands, 926 in France and 1600 in the United 

States of  America (313). 

Contributors to the regional variations in angioplasty rates may be differences  in the prevalence of 

coronary disease, variation in healthcare spending priorities and whether healthcare is 

predominantly government funded  or insurance based. Over the 4 year period the New Zealand 

angioplasty rate has risen to 684/million/year, but increases have occurred world-wide and it is 

likely that we retain our comparative ranking. The growth of  angioplasty in New Zealand over the 

4 year period has been greater in the private than in the public sector. This may reflect  patients 

seeking treatment in the private sector because of  perceived long public hospital waiting times, 

bearing in mind that most unstable patients were treated in public hospitals thereby reducing the 

mean waiting time, which for  stable patients was longer than 25 days. 
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Since publication of  the Benestent and STRESS studies (73,74), intracoronary stenting has 

enjoyed an explosive growth such that it has revolutionised the practice of  angioplasty. Most 

angioplasty centres now stent 70-90% of  coronary artery lesions with reduced rates of  restenosis 

and acceptably low rates of  subacute stent thrombosis. As well as clinical and angiographic data, 

the Benestent II study prospectively collected cost-effectiveness  information  (160). It was 

concluded that event-free  survival at 12 months was significantly  greater in the stented group than 

in the balloon angioplasty group, although the cost of  a stent procedure was greater. The price of 

stents, which are most commonly stainless steel meshes, has halved over the last 5 years tipping 

the cost benefit  balance in favour  of  the stent procedure (160). The OPUS study has confirmed 

that a strategy of  primary stenting, results in fewer  major adverse events than stenting for  a 

suboptimal balloon angioplasty procedure, namely provisional stenting (6.1% versus 14.9% 

combined death, myocardial infarction  and target vessel revascularisation at 6 months) (249). 

Additionally it was shown that a primary stenting strategy was more cost-effective.  Over our 4-

year audit period the proportion of  stent procedures has increased from  23% to 85%. The 

percentage of  repeat procedures for  clinical restenosis (approximately half  the angiographic 

restenosis rate) has reduced considerably from  10.7% to 6.4% (pO.OOl) which seems to be 

directly related to the increased use of  intracoronary stents (figure  1). The use of  other devices 

such as directional and rotational atherectomy has remained small involving less than 1% of 

procedures in 1998. It is likely that these will remain "niche" techniques. Rotational atherectomy 

has been advocated in both diffuse  calcified  lesions and instent restenosis, the latter increasing 

significantly  over the 4 year study period (0% in 1995, 5.3% in 1998), as the use of  stents has 

increased. 
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Figure 1: Graph illustrating the increase in use of  stents and decrease in number of  patients 
returning for  angioplasty to restenotic lesions over the study period. 

There was a significant  reduction in the number of  major complications over the study period. 

Improved stent technology, familiarity  with the technique, acquired knowledge with regard to the 

clinical outcome of  "bail-out" stent implantation and newer antiplatelet agents have undoubtedly 

been major contributors to the decreased number of  deaths and decreased need for  emergency 

coronary bypass surgery. 
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Conclusions 

Data on all coronary interventional procedures performed  in New Zealand from  1995 to 1998 was 

forwarded  to the National Angioplasty Register, based at Green Lane Hospital and have been 

reported in this paper. There has been a steady increase in both the numbers of  patients with 

coronary artery disease treated by this technique and the use of  stents over the study period, which 

has coincided with a reduction in the number of  major complications. The use of  other devices 

such as directional atherectomy and rotational ablation remains small, whilst the adjuvant 

administration of  abciximab appears to be increasing. 

Continued submission of  complete and accurate data to the registry is vital to the ongoing audit of 

coronary angioplasty in New Zealand. 
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Conclusions 

As well as contributing to the field  of  interventional cardiology, I hope the research reported in 

this thesis, gives an insight into the evolution of  the percutaneous treatment of  obstructive 

coronary lesions from  balloon angioplasty to stent implantation. 

In Part I the immediate outcome following  predominantly balloon angioplasty is described. 

Despite advances in technique and increased operator experience, balloon angioplasty retains a 

chance of  complication and angiographic failure.  The requirement for  emergency coronary artery 

bypass surgery has reduced with improved bail-out techniques, in particular intracoronary 

stenting. An awareness of  clinical and angiographic factors  associated with increased procedural 

risk is essential in improving short and longer term outcomes. Following balloon angioplasty the 

long-term prognosis of  patients is good, particularly in lower risk patient subgroups. Given the 

nature of  coronary artery disease, however, most patients are likely to experience a further  cardiac 

event in the 10 years following  their first  balloon angioplasty procedure. 

Part II describes the introduction and evolution of  stent implantation, a challenging and exciting 

period in the development of  percutaneous intervention. From the beginnings of  interventional 

coronary techniques, the concept of  a stent to scaffold  stenotic lesions appeared logical and 

attractive. With knowledge gained both clinically and from  intravascular ultrasound techniques 

the chance of  stent thrombosis diminished to an acceptable level and the rate of  restenosis 

following  stenting appeared to be lower than that following  balloon angioplasty. Armed with this 

information  the first  randomised trials were undertaken, providing results that have secured the 

future  of  stenting as a mainstay of  interventional cardiology. One of  these is the Benestent II study 

which is included as part of  this thesis. It found  that over a 12-month follow-up  period, a strategy 

of  elective stenting with heparin-coated stents was more effective  but also more costly than 

balloon angioplasty. A diminished need for  repeat procedures may help to offset  the additional 

cost of  this treatment strategy. 

In Part III the technique of  stenting is expanded to include various subgroups of  patients and 

lesions. The in-hospital outcome of  patients who undergo stent implantation in a vein graft  is 

acceptable, but the long-term clinical outcome remains poor. Mechanical intervention alone is 

unlikely to provide a satisfactory  long-term solution for  the patient with saphenous vein graft 

disease. 
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Stenting of  long lesions is associated with good clinical outcome and a low rate of  severe 

restenosis. Multi-vessel stenting including treatment of  lesions in small calibre vessels can also be 

performed  with a good clinical and angiographic outcome. When the patient, operator, technique 

and stent type are the same, vessel calibre and lesion length both appear to influence  the rate of 

restenosis. The degree of  intimal hyperplasia is significantly  less in smaller stented coronary 

arteries than in larger vessels. The introduction of  newer stents such as the Multilink stent and 

modification  of  procedural strategies such as direct stenting is feasible  and safe,  and provides 

opportunities for  broadening the types of  lesions we are able to treat. 

The growth of  percutaneous coronary intervention in New Zealand is described in the last part of 

this thesis. There has been a dramatic and steady growth in the numbers of  patients treated by 

intracoronary stents in recent years, with reduction in the need for  urgent coronary bypass surgery. 

Publication of  this work in the New  Zealand  Medical  Journal  prompted a letter from  a medical 

practitioner who, amongst other comments, stated that 'although widely accepted and utilised, this 

procedure remains experimental'. This thesis I hope helps to explain why coronary angioplasty is 

no longer considered experimental. Percutaneous coronary intervention is now performed  on more 

than 1.5 million patients world-wide annually. 

The future  appears to be as exciting as the past with a flurry  of  activity surrounding coated stents, 

with antiplatelet agents in order to prevent thrombotic stent occlusion and also with 

antiproliferative  agents such as sirolimus, paclitaxel and actinomycin D to prevent instent 

restenosis. We look forward  to participating in studies of  these stents coated with these agents, 

which may result in even more patients being treated by percutaneous coronary techniques in the 

future. 
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Glossary 

Abbreviations and Acronyms 

ACC/AHA American College of  Cardiology/American Heart Association 

AF = clinical and angiographic follow-up 

AMI = acute myocardial infarction 

BA = balloon angioplasty 

BENESTENT Belgium and Netherlands stent study 

CABG = coronary artery bypass graft  surgery 

CCS = Canadian Cardiovascular Society 

CF = clinical follow-up 

CI = confidence  interval 

CVA = cerebrovascular accident 

DCA = directional coronary atherectomy 

Dfl = Dutch guilders 

DS = diameter stenosis 

DUET Evaluation of  the ACS-Multilink DUET coronary stent system 

EF = ejection fraction 

FINESS 2 First International NIR Endovascular Stent Study 

FLARE = Fluvastatin angioplasty restenosis trial 

FU = follow-up 

IVUS = intravascular ultrasound 

LAD = left  anterior descending artery 

LCx = left  circumflex  artery 

LV = left  ventricle 

MI = myocardial infarction 

MIH maximal intimal hyperplasia 

MLD = minimum luminal diameter 
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MVD - multivessel disease 

MUSIC = Multicenter Ultrasound Stenting in Coronaries study 

NS = not significant 

NYHA = New York Heart Association 

OR = odds ratio 

PCI = percutaneous coronary intervention 

PS = Palmaz-Schatz 

QCA = quantitative coronary angiography 

RA = rotational atherectomy 

RCA = right coronary artery, 

RD = reference  diameter 

REPTCA = percutaneous transluminal coronary angioplasty 

RePTCA = repeat percutaneous transluminal coronary angioplasty. 

ROSE = Registry for  optimal stent evaluation 

RR = relative risk 
SA = stent implantation 

SD = standard deviation 

SOPHOS = Study of  Phosphorylcholine on stents 

TIMI = Thrombolysis in myocardial infarction  trial 

TLR = Target lesion revascularisation 

TVR = Target vessel revascularisation 

WEST = West European stent trial 
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