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ABSTRACT

This thesis is comprised of two studies. The primary objective of Study 1 was to
identify baseline and procedural factors associated with one-year mortality
following percutaneous coronary intervention (PCI). Models to identify
predictors of 30-day mortality and one-year repeat revascularization were also
developed. All three models were validated using a split-sample method. The
objective of Study 2 was to examine the additional impact of secondary
prevention strategies on repeat revascularization within one-year.

The patient population for Study 1 consisted of 4,695 Alberta residents who
underwent PCI between July 1995 and December 1997. Data from the Alberta
Provincial Program for Outcomes Assessment in Heart Disease (APPROACH)
study were used for the analyses. The 425 patients in Study 2 were a subset of
Study 1 patients enrolled in the Enhancement for Secondary Prevention in
Coronary Heart Disease (ESP study) at the time of PCI.

Based on logistic regression analysis, cardiogenic shock, low ejection fraction, left
main disease, intra-aortic balloon pump use, chronic obstructive pulmonary
disease, lesions in the proximal LAD, renal disease, and emergency procedures
were found to be positively associated with both short and long-term mortality.
Increasing age, congestive heart failure, malignancy and peripheral vascular
disease were also predictors of long-term mortality. Interestingly,

hyperlipidemia and both current and past smoking were associated with lower
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mortality. The models were shown to have good discriminatory power, as
measured by the c-statistic, both in the development datasets and in the
validation datasets.

With respect to repeat revascularization, the model developed in Study 1 and the
Cox proportional hazard model developed as part of Study 2 found, in addition
to many variables found to be predictive of mortality, that female sex was
associated with a greater likelihood of repeat revascularization within one-year.
The Cox model also found patients who were monitored closely post-discharge
had more repeat procedures within one-year compared to those who received
regular care.

These studies address a gap in the current literature around long-term outcomes
associated with PCI in the post-stenting era. The identification of patients at high

risk for adverse events can be used for discharge planning and patient education.
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GLOSSARY

PTCA: Percutaneous Transluminal Coronary Angioplasty (also referred to
as “angioplasty”)

PCT: Percutaneous Coronary Intervention (Includes balloon angioplasty
and coronary stenting)

AMI: Acute myocardial infarction

MI: Myocardial infarction

CABG: Coronary Artery Bypass Graft
NYHA: New York Heart Association

CcCs: Canadian Cardiovascular Society

PVD: Peripheral vascular disease

CHF: Congestive heart failure

COPD: Chronic obstructive pulmonary disease
CAD: Coronary artery disease

IABP: Intra-aortic balloon pump
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CHAPTER 1: INTRODUCTION

1.  INTRODUCTION

1.1  HEART DISEASE IN THE WORLD

A search of the World Wide Web using a popular search engine (Lycos®) on the
key words “heart disease” identifies 828,403 websites. This topic’s high web
frequency is indicative of the continuing interest, on the part of the patient,
provider and health care systems, in one the most prevalent chronic diseases in
the world. According to the 1999 World Health Report, ischemic heart disease is
ranked number one among leading causes of mortality and burden of disease

among World Health Organization (WHO) member states [1].

There have been both temporal and geographic variations in mortality rates
associated with coronary heart disease (CHD). In the United States, death rate
attributed to CHD rose from 200 per 100,000 in 1950 to approximately 300 per
100,000 in 1966 [2]. The increasing rate of CHD mortality in years prior to 1960
was the main driving force in establishing the Framingham Heart Study, which
has become a cornerstone of risk factor epidemiology in cardiovascular diseases
[3-4]. This time-period saw the rise in cardiovascular related mortality in most
industrialized countries [5]. As advances in public health resulted in the control
of infectious diseases, all cause mortality began to be dominated by diseases of a

chronic nature such as CHD and cancer.
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However, the latter part of the 20% century brought better news. Mortality rates
associated with CHD were declining in the developed world [5]. For example, in
the United States, by 1985, age-adjusted CHD death rates had decreased to about
70% of the 1950 CHD death rate {2]. These downward sloping mortality trends
gave rise to several questions regarding their authenticity and the extent to

which they were influenced by the modification of coronary risk factors.

In order to answer some of these questions the WHO initiated an
epidemiological study: the WHO Multinational Monitoring of Trends and
Determinants in Cardiovascular Disease (MONICA). The WHO-MONICA
project was established in the early 1980s and as part of the project, patients
between the ages of 25 and 64 years from 38 populations in 21 countries have

been followed-up for 10 years [6].

The analyses of 10-year WHO-MONICA project data revealed that cigarette
smoking, blood pressure and total blood cholesterol, considered “classical”
modifiable factors, accounted only partially for the variation in population trends
in CHD [7]. Kuulasmaa and colleagues speculated on the influence of other
factors such as changes in the treatment of CHD. In fact, in a parallel
publication, the researchers documented that changes in coronary care and
secondary prevention strategies over this 10-year period were strongly linked

with the declining coronary endpoints [8].
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One of the most effective treatments of CHD marked its 20t anniversary in
September 1997 - Percutaneous Transluminal Coronary Angioplasty (PTCA).
Since its introduction twenty years ago in Zurich, Switzerland, by Dr. Andreas
Gruentzig, millions of angioplasties have been performed all over the world. In
the United States, which is probably the most enthusiastic user of this
technology, it is estimated that over 300,000 coronary angioplasties are

performed annually [9].

1.2  THE CANADIAN PERSPECTIVE

In Canada, although the numbers of PTCA procedures are more modest, the rate
at which utilization is increasing is dramatic. In 1988, 9,970 PTCAs were
performed in Canada for a rate of 39/100,000 population. By 1991, the number
of procedures had risen to 14,617 for a rate of 54/100,000 population. Although
this translated into a 38.5% increase in utilization, it was still less than half the
1991 rate of PTCA procedure use in the US (130/100,000) [10]. This disparity
between the two countries in the use of this procedure, particularly among the
elderly, has been documented elsewhere. In an analysis of 1992 claims data,
Verrilli and colleagues found the US-to-Canada ratio for PTCA use was 1.87 for
patients aged between 65 and 69 years and 7.68 for patients over the age of 80

years [11].

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Johansen et al analyzed hospital discharge data for fiscal years 1992/93 and
1993/94 to examine variations in angioplasty across Canadian provinces. PTCA
rates among patients diagnosed with acute myocardial infarction ranged
between 3.8 percent in Newfoundland to 17.7 percent in Alberta. In general,
patients under the age of 60 years were more likely to undergo angioplasty
compared to older patients. The overall rate of angioplasty within six-months of

a myocardial infarction was 8.7% [12].

In addition to age, sex appears to be a factor in the utilizaton of PTCA
procedures. In a study of 131 women and 440 men referred by cardiologists for
revascularization procedures between January 1989 and June 1991 in
Metropolitan Toronto, Naylor et al found that women, despite more severe
symptoms, were more likely to be turned down for revascularization [13]. The
sex-related differences in rates, however, were more pronounced for bypass
surgery than for PTCA. In a similar US study of 49,623 and 33,159 discharges in
1987 for coronary heart disease in Massachusetts and Maryland, respectively,
Ayanian and colleagues examined sex-related differences in the use of
procedures after controlling for age and other baseline characteristics [14]. They
found that men were more likely to undergo revascularization procedures than
women, however, whether these rates represent a more appropriate use of the
procedure among women or indicative of inappropriate use of the technology

among men is unclear.
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13  ANGIOPLASTIES IN ALBERTA

In both the 1991 [10] and the 1992-94 [12] Canadian studies, Alberta had the
highest rate of PTCA procedures among all the provinces. In 1988, the PTCA
rate per 100,000 population in Alberta was 59 and it had risen to 75 by 1991. The
next highest utilization rate was found in Nova Scotia [74/100,000 in 1991].
Among acute myocardial infarction patients, PTCA rate in Alberta was 17.7%,
significantly higher than the 11.1% in British Columbia, which was the province
with the next highest rate of PTCA use. Angioplasty use among Alberta patients
following acute myocardial infarction continued to rise between fiscal years
1993/94 and 1997/98, and the positive trend was particularly pronounced

among males under the age of 65 years [15].
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2. PERCUTANEOUS CORONARY INTERVENTION

21 POPULARITY AND LIMITATIONS

The adoption of PTCA as an established treatment for coronary artery disease
(CAD) can be attributed to several factors. Primary among them is the low
morbidity and mortality associated with the procedure. Other factors include
expanding the use of this procedure from the original set of patients with stable
angina and single vessel disease to patients with unstable angina, multi-vessel
disease, complex lesions and acute myocardial infarction [1]. This expansion has
been made possible, in large part, by technological improvements and increased

operator experience [2].

The major limitations of PTCA are the high incidence of restenosis and the need
for repeat revascularization procedures. These generally occur within three to
nine months of the PTCA [3-6]. Restenosis is defined as the angiographic re-
narrowing at the site of the PTCA and is often accompanied by recurrence of
symptoms of angina. Varying rates of repeat revascularization procedures have

been reported in the literature. Table I provides a summary of some of the
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Table 1. Summary of current literature on outcomes following PTCA procedure

Ref. Study, year Place Follow- # patients %Death %Ml  %CABG %Repeat Comments
No. up time PTCA
3 Meier etal. [1984] Atlanta, - mean-5 510 18.6% Patients undergoing PTCA for the first time,
o ____UsA __ wmos o
13 Black et al. [1988] Atlanta, 5 years 2,921 134% Single vessel disease, angioplasties of
_ USA o . saphenous vein grafts excluded.
7 de Feyter et al. {1988) Rotterdam, 2 years 200 25% 4.0% 6.0% 11.5% Patients with unstable angina
_ . __ Netherlands L B ] N
9 Kingetal, [1994) " Atlanta, 3 years 198 7.1% 14.6% 22.0% 41.0% RCT comparing CABG and PTCA outcomes
USA
11 Talley et al. [1988] Atlanta, 5 years 338 38%  56% 124% 219% Data shown is of only successful PTCAs,
usa e
12 Detre et al, [1989] Pittsburgh, 1 year 1,409 1.9% 2.6% 6.4% 20.7% Data shown is of only successful PTCAs,
USA o ,
14 RITA trial participants Nottingham Median - 510 24% 6.7% 18.8% 18.2% Comparison of long-term effectiveness of
I L CC) JUK 25years L _ CABG vs, PTCA
15 Thompson et al, [1993] ]acksonvnlle, mean-25 982 9.2% 4.8% 10.6% 154% Patients > 65 yrs, with successful PTCA,
FL, USA months Exc. PTCA as treatment for AMI.
19 Weintraub et al, [1994) Atlanta, 7-8 9910  44%  84%  128%  282% First-time elective PTCA patients.
..... USA  years o
"16 Ruygroketal. [1996] Rotterdam, 81014 837  234% 17.1% 25.7% 264%  All patients undergoing PTCA between 1980
. o _____Netherlands years o _ o o ~ 85 at a single center
10 Mick et al. |1994] "Cleveland, Median- 4,632 8.2% 6.6% 17.6% 293% PTCA for acute ischemic events excluded,
L OH,USA  41years ) o o e
17 Kelseyetal, [1993] Pittsburgh, 4 years 2,136 7.7% 12.2% 17.6% 258% 1985 - 86 NHLBI Registry data
‘USA o ) .
8 BARI lnvestigators Pntlsburgh, 5 years 915 13.7% 109% 31.0% 34.0% Comparison of CABG vs. PTCA, patients
(19%6] USA o o ) _ __ with multi-vessel disease only. .
18 Gruentzig et al, [1987] Atlanta, 5-8 133 6.8% 14.3% 20.0% Data shown is of only successful PTCAs,

USA years




studies’ findings. The rates of Coronary Artery Bypass Graft (CABG) after a
successful PTCA have ranged from 6% within two years [7] to 31% within five

years [8]. Repeat angioplasty rates ranged from 11.5% in two years [7] to 41% in

three years [9].

It is evident from the literature that incidence of cardiac events, including
myocardial infarction, CABG, repeat PTCA, or death following a successful first
PTCA, is of concern. It is, therefore, of clinical importance to determine risk

factors associated with repeat cardiac events in the PTCA population.

22 THE ANGIOPLASTY PROCEDURE

The literal translation of Percutaneous Transluminal Coronary Angioplasty is as
follows: “Percutaneous” meaning through the skin; “Transluminal” meaning
within the vessel; “Coronary” identifying the type of vessel being treated; and
“Angioplasty” referring to the technique used to widen narrowed coronary
arteries. Historically, “balloon angioplasty” has been the most common PTCA
procedure. In layman’s terms the procedure can be described as follows. A
guiding catheter is inserted either into the femoral artery (in the groin), or the
brachial artery (in the arm). The catheter is maneuvered to where the coronary
arteries branch off to the heart. Dye is then injected into the catheter to identify

the site where the vessel(s) has narrowed. A balloon catheter is then inserted

10
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into the guiding catheter to the occlusion site. A guide wire in the balloon
catheter is advanced through the coronary artery, until its tip is beyond the site
of the obstruction. The balloon catheter is then moved over the guide wire until
the balloon is in the occluded area of the vessel and inflated. The inflation of the
balloon results in the splitting and compressing of the obstructing plaque and
slight stretching of the wall of the vessel. When the artery has been sulfficiently

opened, the balloon is deflated and removed.

Balloon angioplasty, however, is only one of many techniques/devices used in
coronary angioplasty. Directional coronary atherectomy (DCA) involves a
catheter equipped with a small mechanically driven cutter. The cutter shaves the
plaque and stores it in a collection chamber and is removed when the catheter is
withdrawn. In Mechanical rotational atherectomy (MRA), a rotating diamond-
shaped burr shaves the coronary plaque into tiny particles. These particles can
pass through the coronary circulation. Some catheters have also been equipped

with special lasers that photo-dissolve obstructions in the arteries.

In light of the expansion of the types of devices used in coronary angioplasty,
practitioners have deemed it appropriate to coin the broader term Percutaneous
Coronary Intervention (PCI), that encompasses procedures using balloons,
atherectomy devices, lasers and stents. Through the rest of this document, the

terms PCI and coronary angioplasty are used interchangeably.

11
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23  THEINTRODUCTION OF STENTS

One of the most important advances in the practice of interventional cardiology
has been the introduction of coronary stents. The major limitation of the balloon
and other angioplasty devices is the risk of abrupt closure following the removal
of the catheter from the site of the occlusion. Coronary stenting is a direct
solution to this problem. A coronary stent is a small latticed stainless steel tube,
which is mounted on a balloon catheter. At the site of the occlusion, the balloon
expands, thus causing the stent to expand and press against the coronary artery
wall. The balloon is then deflated and withdrawn, however, the stent stays in

place permanently, holding the blood vessel open.

24  BALLOON-ANGIOPLASTY VERSUS STENTS

The first coronary stent was implanted in 1987 and for the first few years high
bleeding rates, longer hospital stays, and high costs marked stent use. However,
in 1994, the results of two randomized controlled trials, one European and one
North American, were published in the New England Journal of Medicine [20,

21]. These trials showed a reduction in restenosis and repeat revascularization

12
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rates among patients who underwent stenting compared to those who

underwent balloon-angioplasty.

As practitioners became more adept in the deployment of stents, the initial high
rates of adverse events declined rapidly and the introduction of adjunct therapy
reduced lengths of stay and bleeding complications [22]. These positive
attributes have led to a tremendous increase in the utilization of stents during
angioplasty. In a study examining trends in interventional device use and
outcomes, Peterson et al used the National Cardiovascular Network’s Coronary
Interventional Database [23]. Between January 1994 and December 1997, data on
76,904 procedures at 12 US hospitals were analyzed. During this time-period
there was a 12-fold increase in the use of stents (5.4% in 1994 to 69% in 1997).
These trends were accompanied by static mortality rates, improved procedural

success and complication rates and decreased length of hospital stay.

In Canada, the Total Occlusion Study of Canada (TOSCA) randomized 410
patients with non-acute native coronary occlusions to PTCA or stenting and
found stenting to be associated with higher patency and lower restenosis and

target-vessel revascularization at 6-months [24].

At the population level, rates of stent use have been documented for the province
of Ontario [22]. In 1996, 39% of patients undergoing -catheter-based
revascularization received stents. This annual rate however masks the surge in

stenting compared to previous years. For example, in the last quarter of 1995, the
13
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rate of stent use was 32%, and by the last quarter of 1996 the rate had risen to

52% of all catheter-based interventions.

The excessive use of stents in coronary intervention has been met with
considerable criticism. In an editorial in the New England Journal of Medicine in
1998 titled “Coronary-Artery Stents - Gauging, Gorging, and Gouging”, Eric
Topol of the Cleveland Clinic Foundation chastised interventional cardiologists
for embracing a new technology before all the evidence from the clinical trials
was in [25]. Clinical trial data reveal that stenting is associated with a higher
number of deaths and myocardial infarctions, however, because these end-points
are infrequent, the studies do not have enough statistical power to detect
differences. And the more popular outcome that has been used to indicate
stents” superiority: the need for fewer repeat revascularizations, can be
considered a “soft-endpoint” with potential for bias due to cardiologists forgoing

repeat procedures in patients whom they know to have a stent.

The strong argument for stenting that can be constructed from efficacy trials is
also weakened by evidence from effectiveness studies. Narins et al document
data from four studies of stenting in the “real world” where stenting was
extended to patients who would have been considered ineligible for inclusion
into the original randomized controlled trials comparing balloon angioplasty and
stenting [26]. Several interesting findings are mentioned. First, very few of the
patients who undergo stenting in the real world would have been eligible for

14
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either the Balloon-Expandable-Stent Implantation with Balloon Angioplasty
study (BENESTENT) [20] or the Stent Restenosis Study (STRESS) [21] trials:
eligibility ranged from 7% of 522 patients [27] to 27% of 316 patients [28].
Second, rates of angiographic restenosis, restenosis requiring target lesion
revascularization (TLR), and a composite of death, myocardial infarction or TLR
at one year were all almost twice as high in the ineligible patients than in the

eligible patients [29, 30].

25  THE ROLEOF GP IIB/IIIA INHIBITORS

Despite controversies, it appears that utilization of stents will continue to
increase. This can be attributed, in part, to recent evidence on the
complementary benefits of platelet glycoprotein IIb/IIla (GP IIb/Illa) inhibitors
when used in conjunction with coronary stents. Several randomized controlled
trials have established that the use of GP IIb/IIla inhibitors in PCI, irrespective of
the device used, is associated with better outcomes [31]. However, the
EPISTENT trial was the first trial to compare the following three therapies: 1)
stent plus placebo; 2) stent plus abciximab (a GP IIb/Illa inhibitor); and 3)
balloon angioplasty and abciximab [32]. The primary end-point was death,
myocardial infarction, or the need for urgent revascularization within 30 days.
Of 2,399 patients enrolled, 809 were randomized to stent plus placebo, 794 to
stent plus abciximab, and 796 to balloon angioplasty plus abciximab. The rate of

15
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primary end-point in the three treatment arms was 108%, 53% and 6.9%,
respectively, indicating that the stent plus abciximab had a significantly lower
rate of adverse events compared to the other two treatments. At six months, the
rates of death or myocardial infarction were 11.4%, 5.6% and 7.8%, respectively,
indicating that the benefit of stenting with GP IIb/Illa inhibitor was sustained

during the long-term [33].

The beneficial effect of stent and abciximab was also established among patients
with a history of diabetes [34]. In a subgroup analysis of 491 diabetic patients
enrolled in the EPISTENT trial, patients in the stent plus abciximab group had
the lowest rate of death or myocardial infarction at six months (6.2% compared

to 12.7% in the stent plus placebo arm and 7.8% in the balloon-angioplasty plus

abciximab arm).

26  ANGIOPLASTY COMPARED TO BYPASS SURGERY

Some data from randomized controlled trials in the pre-GP IIb/Illa inhibitor era
suggest that angioplasty may not be the best therapy for diabetic patients. In a
subgroup analysis of diabetic patients enrolled in the Bypass Angioplasty
Revascularization Investigation (BARI), a randomized controlled trial of PTCA
versus CABG in patients with multi-vessel disease, five-year cause-specific
mortality rate among CABG patients was 5.8% compared to 20.6% who

underwent PTCA procedures [35]. Other large observational studies have
16
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provided evidence to support the hypothesis that bypass surgery may be a more
effective alternative in the treatment of diabetic patients with multi-vessel

disease [36-38].

However, overall there appears to be little difference in mortality between
patients treated with angioplasty and those treated with bypass surgery [39]. In
a meta-analysis of eight randomized trials comparing bypass surgery and
angioplasty, Pocock et al found that the number of deaths for all available
follow-up were 73 for CABG patients and 79 for PTCA patients (OR = 1.08; 95%
CI 0.79 - 1.50) [40]. However, the major difference lay in the number of repeat
interventions in the first year of follow-up. Thirty-three (33.7%) percent of PTCA
patients underwent either a repeat PTCA or CABG as compared to 3.3% of
CABG patients. This increase in the need for revascularization associated with
PTCA shown in both the clinical trial setting and in clinical practice has major

economic and quality of life implications [41,42].

17
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CHAPTER 2. LITERATURE REVIEW

1. TRENDS IN OUTCOMES ASSOCIATED WITH PCIL

Before beginning a discussion on the predictors of adverse outcomes following
PCl, it is useful to examine the trends in the incidence of adverse events
associated with PCI over the last few decades. Table 1 provides a summary,
from published literature, on some of the more established adverse outcomes
associated with PCI, namely, in-hospital death, in-hospital myocardial infarction,
and bypass surgery. Where available, the percentage of “successful” PCIs is

provided.

Several interesting observations can be made from the data in Table 1. There was
a dramatic change in outcomes associated with PCI between the first five years in
which it was introduced (1977-81) and by the time it was being performed
routinely (1985-86) [1]. From the time that angioplasty became a mainstream
procedure, it has been associated with very low adverse event rates. High-risk
patient populations accounted for the higher mortality rates of 3.4% found in the
Moscucci study [11] and 2.6% in the Grassman study [7]. Among the 1,476
patients in the Moscucci study, 3.3% had cardiogenic shock and 14.3% had acute
myocardial infarction. And all the patients in the Grassman study had acute

myocardial infarction on admission.
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Table 1. Summary of outcomes associated with percutaneous coronary interventions - data from published
studies

Time- Sample

Ref. Author Group . . In-hospital Outcomes Success
period size
Death MI CABG
Any  Emergency

1. Detre, et al NHLBI 1977-81 1,155 1.2 49 26.5 58 61
NHLBI 1985-86 1,802 1.0 43 5.6 34 78
2. Mick, et al - 1980-88 5,000 0.5 04 47 - 93
3. Hannan, et al NYS 1991 5,827 0.6 1.2 2.5 1.7 87
4, Kimmel, et al SCA&I 1992 10,622 04 0.6 - 1.5 -
5, Malenka, et al NNE 1989-93 12,232 1.0 1.5 3.2 21 93
4, Kimmel, et al SCA&I 1993 10,030 05 05 - 1.2 -
6. King, et al NACI 1990-94 1,985 1.8 1.5 35 - 83
7. Grassman, et al* SCA&! 1990-94 4,366 2.6 - - 34 92
8. Hannan, et al NYS 1991-94 62,670 0.9 - - 34 -
9, Ellis, et al - 1993-94 12,985 1.3 3.5 - 21 -
10. McGrath, et al NNE 1990-93 13,014 1.0 24 33 2.2 89
NNE 1994-95 7,248 1.1 2.1 33 23 89
11.  Moscucci, et al - 1994-96 1,476 34 0.8 0.9 - -
10, McGrath, et al NNE 1995-97 14,490 1.2 2.0 1.8 13 92

*Acute myocardial patients only.
NHLBI: National Heart, Lung, and Blood Institute; NYS: New York State; SCA&I: Society for Cardiac Angiography and Interventions;
NNE: Northern New England Cardiovascular Disease Study Group; NACI: New Approaches to Coronary Interventions; MI: myocardial

infarction; CABG: Coronary Artery Bypass Surgery;



The increasing use of PCI as the primary therapy for acute MI is supported by
evidence from clinical trials. In the Primary Angioplasty in Myocardial
Infarction (PAMI) study, 395 patients presenting within 12 hours of the onset of
myocardial infarction were randomized to immediate PTCA or intravenous
tissue plasminogen activator (t-PA). The combined end-point of death or re-
infarction was statistically significantly lower in the PTCA arm (5.1%) compared
to the t-PA arm (12%) [12]. In an angioplasty sub-study of the Global Use of
Strategies to Open Occluded Coronary Arteries in Acute Coronary Syndromes
(GUSTO-IIb) trial, 1138 patients were randomized to PTCA or t-PA. The
incidence of the primary end-point (a composite of death, re-infarction or
disabling stroke within 30 days) was 9.6% in the PTCA arm and 13.7% in the t-
PA arm. However, this statistically significant difference in rates was lost by 6-
months (14.1% in PTCA and 16.1% in t-PA) [13]. In a trial using a different
thrombolytic agent, 301 patients with acute myocardial infarction were
randomized to PTCA or to intravenous streptokinase [14]. The combined end-
point of death or re-infarction occurred in 15% of the patients in the

streptokinase arm and in 3% of patients in the PTCA arm.

The clinical profile of the patient undergoing PCI has changed dramatically over
the last twenty years. In addition to being used more and more in patients

presenting with myocardial infarction, PCI procedures are being used in patients
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who are older, have worse left ventricular function and more complex lesions [1,

10].

The rates of coronary artery bypass surgery (CABG) following PCI fell from
26.5% in the 70’s to 5.6% in the 80’s to 1.8% in 1995-97. McGrath et al attribute
the latter decline to the increasing use of stents in PCI procedures [10]. In their
study the drop in CABG rates coincided with the introduction of stents in 1995
and by 1996 and 1997, when stents were used in 45.2% and 62.4% of the cases,

respectively, the rates dropped even more dramatically.

Other factors have probably contributed to the improving outcomes associated
with PCIL. Increasing operator volumes have been shown to be associated with
better outcomes. In fact, between 1988 and 1993 the American College of
Cardiology/ American Heart Association (ACC/AHA) guidelines increased the
recommended minimum procedures from 50 to 75 per year per physician [15,
16]. In a 1992 analysis of Medicare data, Jollis et al found that patients of
physicians who did not meet the ACC/AHA minimum volume guidelines had

worse outcomes [17].

Based on the promising data from clinical trials on the advantages of PCI adjunct
therapies such as glycoprotein IIb/IIIa inhibitors [18, 19] and the ever evolving
quest for newer more effective technologies, both in equipment and medications,

one can expect PCI outcomes to continue to improve into the new century.
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2. STUDIES ON IDENTIFYING PREDICTORS OF IN-HOSPITAL MORTALITY FOLLOWING
PCI

Statistical constraints imposed by infrequent outcomes have required that studies
examining predictors of adverse outcomes following PCI involve large sample
sizes [20]. The establishment of PCI registry databases such as the National
Heart, Lung and Blood Institute’s (NHLBI) Coronary Angioplasty Registry, the
New York State (NYS) Cardiac Database, the Society for Coronary Angiography
and Intervention (SCA&I) Registry, the Duke Cardiovascular Database, the
Northern New England (NNE) Cardiac database, and more recently the Alberta
Provincial Program for Outcome Assessment in Coronary Heart Disease

(APPROACH) database have allowed extensive examination of risk-factors

associated with the procedure.

Table 2 is a summary of the variables found to be risk-factors for in-hospital
mortality following PCI in the studies identifying multivariable predictors of in-

hospital mortality.

One of the first studies identifying risk factors for outcomes of PTCA was
conducted by Hannan and colleagues [3]. The study was based on 5,827 patients
who underwent coronary angioplasties between January 1, 1991 and June 30,

1991 in New York state. One of the outcomes examined was in-hospital
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mortality. Only 37 (0.63%) patients died in-hospital and female gender,

hemodynamic instability, defined as a condition requiring pharmacologic or

Table 2. Summary of independent predictors of in-hospital mortality. The “X"
indicates that a particular variable was found to be a significant predictor in
multivariable analysis.

Variables Hannan Hannan Ellis O'Connor Moscucci
Years 1991 91-94 93-94 94-96 94-96

Reference number 3 8 9 21 11
Sample Size 5,827 62,670 12,985 15331 1,476
Demographics

Age

Female gender X
Disease stage and severity

Acute MI

Hemodynamic instability* X
Previous PTCA

Previous CABG

Shock X
Comorbidities

Diabetes

CHF

Renal disease

PVD

Femoral popliteal disease X

Cardiac Anatomy

Lesion complexity X
Ejection fraction X X
Procedural variables

Urgent procedure

Emergent procedure

IABP X

Number of lesions X X X

X X X
X X

X X o

HKXXXX XX

X X
R XX
x

X

XXX XX

MI = myocardial infarction; PTCA = Percutaneous Transluminal Coronary Angioplasty;
CABG = Coronary Artery Bypass Graft; CHF = congestive heart failure; PVD =
peripheral vascular disease; IABP = intra-aortic balloon pump; *Defined as a condition
requiring pharmacologic or mechanical support for blood pressure or cardiac output.
**Study includes acute myocardial infarction patients only
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mechanical support for blood pressure or cardiac output, and shock were
associated with higher mortality. Ejection fraction was inversely related to in-

hospital mortality.

In a subsequent study, Hannan and colleagues updated the analyses to include
62, 670 patients who underwent PCI between 1991 and 1994 [8]. Variables
associated with higher mortality were: age, female sex, lower ejection fraction,
congestive heart failure, previous myocardial infarction, hemodynamic
instability, shock, renal failure, femoral popliteal disease, diabetes, intra-aortic
balloon pump, two or three vessels attempted and previous open heart surgery.
Also, patients who had undergone a prior coronary angioplasty were less likely
to die in-hospital. The c-index associated with the model was 0.89 and the
Hosmer-Lemeshow goodness of fit test was insignificant (p=0.11) indicating little
departure from a perfect fit. (Detailed descriptions of the c-index and the

Hosmer-Lemeshow goodness of fit test are provided in Chapter 5).

In the model generated by Ellis et al from the Cleveland Clinic Foundation using
12,985 patients who underwent PCls during 1993 and 1994, the correlates of in-
hospital mortality were: the logarithm of patient age in years, shock, acute
myocardial infarction, lesion complexity defined as Type A and Bl =1, Type B2
=2, and Type C = 3 (used as a continuous variable), and the number of diseased

vessels [9]. The coefficient of male sex was negative indicating that males were
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less likely to die during the hospital stay compared to females. The model had

good discriminatory power as suggested by the c-index of 0.85.

The most recent modeling studies are from O’Connor et al of the Northern New
England Cardiac Disease Study Group [21] and Moscucci et al [11]. In the NNE
study, data on 15,331 consecutive hospital admissions from six clinical centers
were analyzed. Increasing age, acute myocardial infarction, shock, urgent or
emergent priority, decreasing ejection fraction, renal disease, peripheral vascular
disease, congestive heart failure, intra-aortic balloon pump, and lesions of type C
were all associated with higher in-hospital mortality. The c-index for the model
was 0.88 indicating that the model had a good ability to discriminate between
patients who had the outcome and those who didn’t. The Hosmer-Lemeshow

goodness of fit test was not statistically significant.

In addition to validating the NNE and Cleveland Clinic models on an
independent high-risk patient population of 1,476 acute myocardial infarction
patients, Moscucci and colleagues also developed a separate model fit to their
patient population. The following variables were found to be significant
predictors of in-hospital mortality: emergency procedure, age, female gender,
cardiogenic shock, number of diseased vessels, congestive heart failure and renal
disease. Again, the model’s c-index was 0.88 and the Hosmer-Lemeshow statistic

was not significant.
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Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



3. LONG-TERM OUTCOMES FOLLOWING PCI
There are fewer studies examining predictors of longer-term outcomes of PCI.
Table 3 offers a summary of findings from some of the studies.

Table 3. Summary of multivariable predictors of long-term mortality. The “X”
indicates that a particular variable was found to be a significant predictor in

multivariable analyses.

Description Mick Bell Cowley Weintraub
Reference 2 38 22 40
Sample size 5000 3027 3079 6318
Follow-up 4 years 1 year 18 months 5 year
Variables

Demographics

Age X X X
Male gender X X

Heart disease stage and severity

CCSclass X X X X
Prior MI X

Prior CABG X

AMI on admit X

CHF X X X
Comorbidities

Diabetes X X X
Hypertension X X X X
Smoking hx X

Coronary anatomy and LV function

Extent of disease X X X X
EF X
Graft X

LM disease X

CCS = Canadian Cardiovascular Society; MI = myocardial infarction; CABG = coronary
artery bypass graft; AMI = acute myocardial infarction; CHF = congestive heart failure;
hx = history; EF = ejection fraction; LM = left main

One of the first studies of five-year survival was by Mick et al [2]. Based on data
from 5000 consecutive patients who underwent PCI between 1980 and 1988, the
authors developed a model to risk-stratify patients according to their long-term

outcomes. At a median follow-up of 4.1 years, the mortality rate among these
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patients was 7.3%. Independent predictors of long-term mortality were male
gender, age, extent of disease (defined by an artery or major side branch with >
60% lumen narrowing and classified as single-, double-, or triple-vessel disease),

CCS class, diabetes, congestive heart failure, hypertension and target lesion in

bypass graft.

In the context of examining sex-differences in the long-term results of coronary
angioplasty, Cowley et al used data on 705 women and 2374 men in the NHLBI
PTCA Registry [22]. At two years, the mortality rate among men was 2.2% and
among women it was 0.4%. Factors associated with late mortality were left main
disease, male gender, class 3 or 4 angina, hypertension, multi-vessel disease, and

smoking history.

Among 3027 patients who underwent successful angioplasty at Mayo Clinic, Bell
et al found no significant differences among males and females in long-term
mortality [38]. However, stage and severity of disease measures, namely CCS
class, congestive heart failure, prior myocardial infarction, prior CABG, as well
as acute myocardial infarction on admission, were all significantly associated
with mortality. In addition, comorbidities such as diabetes and hypertension

also played a role.

Weintraub et al’s study was by far the largest with 6318 patients on whom 5-year

survival data was available [40]. In a multivariable analysis, long-term mortality

32

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



was associated with older age, congestive heart failure, reduced ejection fraction,

multi-vessel disease, diabetes, hypertension and angina.

Many of the other studies examining longer-term outcomes of PCI have been
descriptive in nature [6] or have been conducted within the context of clinical
trials [23-24]. There appear to have been no studies, to date, examining long-

term outcomes in the post-stenting era.

41  INDEPENDENT PREDICTORS OF ADVERSE EVENTS FOLLOWING PCI

Baseline predictors of adverse events following PCI can be classified into the
following categories: demographic factors; disease stage and severity measures;
comorbidities; cardiac anatomy and function; and procedural factors. The
previous tables (Table 2 and 3) summarized findings of studies examining
multivariable predictors of short and long-term outcomes. However, in addition
to these studies there have been several observational studies examining
particular risk factors. In the following sections literature around the more
dominant risk factors for adverse events following PCI is discussed in detail.
These include age, sex, diabetes, hyperlipidemia, congestive heart failure and

cardiogenic shock.
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41 Age

Over the last few decades, primarily due to improvements in medical care, life
expectancy in developed countries has shown a tremendous increase. This has
led to major demographic shifts, with the elderly accounting for an increasing
percentage of the population. In response to this aging population’s needs, rates

of PCI among the elderly have increased substantially [25].

In the multivariable setting (Tables 2 and 3), age has been found to be a
significant predictor of both short and long-term mortality [8,9,21,11,2,38,40].
Table 4 summarizes the findings of some additional observational studies that
have examined age-related outcomes of PCI. As can be seen from the table,
increasing age is consistently associated with higher mortality in the short-term
and not surprisingly in the long-term as well. Octogenarians (patients over 80

years) are particularly susceptible to worse outcomes.

The positive relationship between increasing age and mortality is to be expected.
The more relevant question may be whether outcomes associated with PCI are
better or worse compared to those of alternative therapies among the elderly.
Although this question is tangential to this thesis, it is worth mentioning that in

the context of randomized controlled trials, patients over the age of 70 years who
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Table 4. Summary of findings from studies examining outcomes of PCI by age categories

Ref Author Time- Age Sample Deathin- Lengthof Long-term outcomes
period categories size hospital  Follow-up
Death Repeat PCI
26  Formanetal 1982-88 60-69 570 2% 3-years 4% 16%
70-79 270 2% 10% 15%
80+ 67 6% 18% 6%
27 Kelsey etal 1985~ 86 <65 1315 02%  2-years 3% 22%
65-74 394 3.0% 8% 19%
275 92 3.3% 13% 20%
28  Thompson,etal  1980-89 265 982  32%  25months 92% 15.4%
‘29 Tan,etal 1981-93 270 163 2%  5years  17% 16%
30 DeJaegere, et al 1983-88 270 166 4%  21months 10%  13%
31 Gravina Taddei, etal 1980-96 <50 3941 2%  10years  13%
50 - 59 5919 2% 19%
60 - 69 6399 4% 46%
70-79 3285 6% 57%
> 80 511 11% 76%




underwent PCI fared far better than patients who were treated medically with

thrombolytic therapy [32, 33].

42 Sex

In the multivariable setting (Tables 2 and 3) female gender was associated with
higher short-term mortality [8,9,11,21] but with lower longer-term mortality
[222]. Historically, there has been speculation whether the worse outcomes
observed have led to physicians being less inclined to prescribe invasive
treatments to women. Among patients with established CAD, there is significant
disparity in the rates of cardiac procedures among men and women. The odds of
undergoing revascularization have been shown to be 30 to 40 percent higher for
men admitted with a diagnosis of AMI compared to women [34]. As part of the
Survival and Ventricular Enlargement (SAVE) study, a large post-infarction
intervention trial, Steingart et al examined the sex-related differences in the
treatment of high-risk patients presenting with similar cardiovascular events
[35]. They found that despite reporting higher levels of disability, women were
less likely to be referred to cardiac catheterization (15.4 versus 27.3 percent,

p<0.001) or coronary bypass surgery (5.9 versus 12.7, p<0.01).

The National Heart, Lung, and Blood Institute (NHLBI) PTCA Registry has

provided the context for several studies on sex differences in short and long-term
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outcomes of PTCA [22, 36, 39]. Table 5 summarizes the findings of these and

other studies that have examined the gender issue.

Table 5. Summary of documented sex differences in mortality following PCI

Ref. Author Year Total N % In-hospital death
Female
Males Females
22 Cowley et al 1978-82 3079 23 0.7 18
37 Bell 1979-87 1970 26 22 2.9
40 Weintraub 1980-91 10785 26 0.1 0.7
36 Kelsey 1985-86 2136 26 0.3 2.6
37 Bell 1988-90 2101 28 31 54
41 Malenka 1989-93 12232 33 0.7 1.6
39 Jacobs 1993-94 274 100 - 1.5

As can be seen from the table, women consistently had higher in-hospital
mortality following PCI compared to men. However, it should be mentioned
that in a/ these studies, women were older at the time of the procedure and had

a higher number of comorbidities than men.

Although the evidence is fairly consistent around the short-term outcomes of
women being worse than men, data on long-term survival is more equivocal. In
Cowley et al’s study, follow-up data were available for 2,272 (74%) patients [22].
Mean follow-up was 18 months. Event-free survival, defined as absence of
death, MI, and additional revascularization, was higher among women (79.7%)
than men (69.0%). In contrast, Kelsey et al showed that the short-term difference

in mortality among males and females was maintained up to 3 years and in fact
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diverged at four years. The frequency of all other events, namely, non-fatal MI,

CABG and repeat PTCA remained similar in both sexes. [36]

In a follow-up study on the same cohorts, Bell et al reported long-term outcomes
on patients who had successful procedures [38]. A mean follow-up of 5.5 years
(range 6 months to 14 years) was available on 2203 males and 824 females. There
was no significant difference in survival at 10 years between males and females

after adjusting for baseline variables.

43  Diabetes
The studies of independent predictors of short and long-term mortality (Tables 2
and 3) suggest that diabetes may be associated with mortality more in the long-

term [2,38,40] than in the short-term [8].

On September 21, 1995 a Clinical Alert was released on diabetics treated with
angioplasty [43]. On September 13th 1995 the Data and Safety Monitoring Board
had met to review the available 5-year follow-up data from the NHLBI BARI
study. The BARI trial enrolled 1829 patients with multi-vessel coronary artery
disease who were undergoing a first revascularization procedure. The average
age of the patients was 61 years, 27 percent were women and 28 (512) percent
had diabetes. Seventy-six percent of the diabetics were on insulin or oral

hypoglycemic agents. Patients were randomly assigned to CABG or PTCA. The
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primary end-point was mortality after 5 years. At the time of the review 66
percent of patients had completed follow-up. Patients who were on insulin or
oral therapy (N=353) were found to have a significantly lower mortality rate with
CABG (19%) than with PTCA (35%). Based on these results, the Alert stated that
CABG should be the preferred treatment for patients with diabetes on drug or
insulin therapy who have multi-vessel coronary artery disease and require a first
coronary revascularization procedure. However, given the very specific nature
of the patient population, these results were not considered to be generalizable to

other patient populations.

The fact that diabetes is a risk factor for coronary artery disease has been long
established. In a sixteen-year follow-up in the Framingham study, diabetics were
shown to have increased morbidity and mortality from coronary artery disease
[44]. The Framingham study consisted of long-term follow-up of a probability
sample of 5,209 residents. A total of 239 patients, 118 men and 121 women, were
diabetic at initial examination. During the follow-up, diabetics had three-times
the mortality of the general population. In general females with diabetes tended
to fare worse than males. In fact, insulin treated diabetic women showed the

greatest mortality from coronary heart disease.

In order to explain the findings of the BARI trial, Rozenman and colleagues
examined retrospectively coronary angiograms from 55 diabetic and 193 non-

diabetic patients who were referred to angiography > 1 month after successful
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angioplasty [45]. Patients in the two groups had similar baseline characteristics.
However, there was a marked difference in the rate of appearance of new
narrowings in the diabetics (22%) compared to the non-diabetics (12%). These
researchers had shown, in an earlier study that new narrowings were more likely
to appear in angioplastied vessels than in non-angioplastied vessels [46]. In this
study they concluded that the combined effect of diabetes mellitus and
angioplasty is additive, that is, the risk of new narrowings developing among

angioplastied vessels among diabetics was especially high.

Stein et al examined the influence of diabetes on early and late outcome after
PTCA among 10,433 patients who underwent elective PTCA between 1980 and
1990 at Emory University and Crawford W. Long hospitals [47]. The patients
had no prior PTCA or CABG. Of the patients enrolled, 1133 had diabetes. These
patients were further classified as insulin requiring (IR) (352) or non-IR (781).
The authors found no significant association between diabetes (including IR
diabetes) and in-hospital mortality. This, however, may have been due to the
low frequency of death overall. In contrast, and more consistent with findings
from other studies, diabetes and in particular IR diabetes was a significant
predictor of five-year mortality. Diabetics were also more likely to have a MI

and repeat revascularization during the follow-up period.

In summary, all patients, and especially women, with diabetes appear to be at a

higher risk for adverse outcomes following PCI. Although there is some
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evidence to suggest that PCI may not be the recommended therapy for diabetic
patients, the introduction of new therapies such as stents and glycoprotein

IIb/ITa inhibitors is likely to improve outcomes among these patients.

44 Lipids

In a recent editorial in the European Heart Journal Dr de Feyter provides a table
summarizing the evidence from studies exploring the relationship between lipid
and lipoprotein levels and angiographic restenosis [48]. Of the thirteen studies
reviewed, four found some association between lipid levels and restenosis (at
least in subsets of patients) [49-52] and three found a relationship between
lipoprotein and restenosis [52-54]. One of the more recent studies was conducted
by Jorgensen et al in 305 patients who underwent angioplasty [55]. The authors

found no association between lipoproteins or lipids and luminal loss at follow-

up.

In addition, no association between a significant reduction in low-density
cholesterol in patients with increased lipids and restenosis after coronary
angioplasty was reached in the Lovastatin Restenosis Trial [56]. In both the
primary analysis and a subgroup analysis of patients with high baseline
cholesterol levels, aggressive treatment with lavostatin for 6 months had no

effect on restenosis rates.
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Although the data on whether lipid lowering effects post-angioplasty restenosis
is equivocal, there is little argument that a long-term strategy of lipid lowering is
an effective strategy in retarding the progression of atherosclerosis. For instance,
the Scandinavian Simvastatin Survival Study (4S) was the first trial to
conclusively demonstrate the association between lowering low-density
lipoprotein (LDL) cholesterol levels and significant reduction in mortality and
need for revascularization procedures [57]. The study included 4,444 patients,
aged between 35 and 70 years, with a history of acute myocardial infarction (MI)
or angina. Patients were randomized to either simvastatin or placebo and the

median follow-up was for 5.4 years.

While the 4S study was focussed on patients with relatively high levels of
cholesterol (the mean total cholesterol level among the 4,444 patients was 261
mg/dL), the Cholesterol and Recurrent Events (CARE) trial focussed on patients
with total cholesterol levels between 200 and 210 mg/dL [58]. Four thousand
and one hundred and fifty nine (1,459) patients were randomized to treatment
with pravastatin or placebo within one to two years of having a MI. Benefits, in
terms of reduced mortality and need for revascularization were found among

both sexes and in both old (60 - 75 years) and young (24 - 59 years) patients.

Although these RCTs have demonstrated beyond a doubt the efficacy of
cholesterol lowering therapy in improving outcomes, the gap between clinical

evidence and clinical practice is yet to be bridged. For example, in a study of
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physician practices in four acute care hospitals in Canada, the Clinical Quality
Improvement Network (CQIN) Investigators found only 8% of 3,304 high risk
patients had been prescribed drug therapy and only 22% had been advised to
modify their diet [59]. Similarly, in a study by Frolkis et al. of physician
compliance with the 1993 National Cholesterol Education Program (NCEP-
ATPII) guidelines at a CCU of a university-affiliated teaching hospital in the US,
the authors found that an LDL value was obtained only 50% of the time among

patients at high risk for coronary heart disease [60].

In summary, the evidence on the impact of lipid lowering on restenosis after
angioplasty is inconclusive, however, the benefits of lipid lowering in impeding
the overall progression of coronary artery disease has been established.
Aggressive treatment is therefore recommended in all patients with established

coronary artery disease, of which patients undergoing PCI are a subset [15].

45  Hypertension
The primary purpose of treating hypertension, not just in the context of
angioplasty, is to prevent other cardiovascular complications that it can give rise

to, namely stroke, myocardial infarction, sudden death and heart failure [61].

There have been no studies comparing hypertension treatments among patients

who have undergone PCI. The prevalence of hypertension among patients
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undergoing PCI is, as expected, fairly high. In an examination of all the major
American registry databases on PCI patients, Block et al found that the mean rate
of hypertension across all sites was 49% with a range of 42% to 63% [64].

Therefore, among these patients, secondary prevention appears more relevant.

In summary, patients undergoing PCI tend to have high rates of hy