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TEMPORAL TRENDS IN PERCUTANEOUS CORONARY INTERVENTION AND
ASSOCIATED IMPACT ON CLINICAL AND PATIENT-REPORTED OUTCOMES

Lakshmi Venkitachalam, PhD

University of Pittsburgh, 2007

Cardiovascular disease remains the leading cause of mortality and morbidity in the 21st century
accounting for about one-fifth of deaths overall each year in the United States. Percutaneous
coronary intervention (PCI), used initially in the 1970s, is now the most commonly performed
non-surgical procedure for atherosclerotic coronary disease. PCI, in the last three decades,
witnessed rapid advancements, both technologically (from balloons to stents and atherectomy
devices) as well as in adjunct therapy (antithrombotics, fibrinolytics and antiplatelet agents). The
purpose of this dissertation, designed as three research papers, was to capture this evolution and
the associated impact on clinical and patient-reported outcomes, in the prospective, multicenter
NHLBI-sponsored 1985-86 PTCA (era of balloon angioplasty) and 1997-2004 Dynamic (era of
stents, brachytherapy and drug-eluting stents) registries.

Temporal trends in clinical practice revealed the heterogeneity in patients (and lesions)
undergoing PCI and yet, consistent dramatic improvements were seen in procedural success with
reduced need for repeat procedures; little impact was observed in one-year mortality rates. In the
Dynamic Registry, significant reductions in one year prevalence and risk of patient-reported
angina were observed concurrent to use of new evidence-based secondary pharmacological
therapy. In contemporary practice, women and patients with prior/repeat PCI continued to be at
high-risk for post-procedural symptoms. Supplemental therapy, following initial PCI, was more

often pharmacological with concomitant reduction in bypass surgery and repeat PCI. On average,
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patient-reported quality of life improved over time and was influenced by both symptom status
and the need and type of supplemental therapy.

Indeed, these findings reflect the dynamic nature of PCI with an increasingly
heterogeneous treatment population and yet favorable procedural outcomes (procedural success,
reduced repeat procedures, greater relief of symptoms). More importantly, they highlight the
continued lack of impact on mortality and identify symptom-prone subsets in contemporary
practice. This time-sensitive documentation is especially fitting given the 300% increase in the
number of PCIs since its initial use. From a public health point of view, any treatment modality
applied in this magnitude warrants constant surveillance, more so with the emerging safety

concerns, and this underscores the importance of well-designed registries.
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OVERVIEW AND OBJECTIVE

Cardiovascular disease (CVD) is the leading cause of mortality and morbidity, worldwide, and
coronary artery disease (CAD) is the most common cause of CVD-related deaths. The advent of
percutaneous coronary intervention (PCI) revolutionized treatment of CAD and is currently one
of the most commonly performed non-surgical procedures, both in the U.S. and abroad. The field
of PCI, per se, has seen rapid technological developments since its initial use in 1977 and this in
turn, has widened the profile of patients and lesions undergoing the procedure.

The purpose of this dissertation, therefore, is to document evolution of PCI in over two
decades of clinical practice and its associated impact on outcomes from perspective of both the
provider (cardiologist) and the receiver (the patient). Specifically, the objectives of the three
research papers are:

1. To document trends in patient, lesion, and procedural characteristics, and compare in-hospital
and one year outcomes - from the era of balloon angioplasty (1985-86 PTCA registry) to that of
stents (1997-2004 Dynamic registry).

2. To document trends in post-procedural angina, at one year of follow-up, across the four
recruitment waves of the Dynamic registry, representing the advent (wave 1) and uniform use
(wave 2) of bare metal stents, intra-coronary radiation (wave 3) and advent of drug-eluting stents
(wave 4) and identify predictors of symptoms in contemporary practice.

3. To evaluate whether improvements in PCI has influenced the ‘price’ for achieving symptom-

free status and the associated impact on patient-reported quality of life indicators.



BACKGROUND

CORONARY ARTERY DISEASE

CAD, the most common form of cardiovascular disease in adulthood, is a pathological condition
in which there is obstruction to the blood flow in the coronary arteries that supply the heart.
Deposition of atheromatous plaques in the coronaries results in narrowing of the vessel lumen
reducing blood supply to the myocardium. The spectrum of clinical severity ranges from
asymptomatic status to symptoms that include chest pain (angina), breathlessness (dyspnoea),
fatigue, palpitations, and acute events including myocardial infarction (MI), congestive heart
failure (CHF) and even death. The risk factors for CAD can be classified as modifiable and non-
modifiable. Family history and sex belong to the non-modifiable category while lifestyle
behaviors such as lack of physical activity, poor dietary habits and smoking are some of the
modifiable ones. Co-morbid conditions such as obesity, hypertension, hyperlipidemia and

diabetes are also known to increase the risk of CAD.

PUBLIC HEALTH BURDEN

CVD remains the leading cause of mortality and morbidity in the 21st century. In the United

States, CVD is the leading cause of death for both men and women and across all races,
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accounting for about one-fifth of deaths overall each year '. As of 2003, CVD was prevalent in
71,300,000 Americans, of whom 13,200,000 were reported to have CAD. Approximately 53% of
CVD mortality was attributed to CAD followed by 18% for stroke. Although death rates from
CAD declined 26.5% from 1992 to 2002, the actual number of deaths declined by only 9.9%;
83% of those who died from CAD were over 65 years of age.

Apart from the huge clinical impact, the financial burden associated with CVD is high
with cost of CVD in 2005 estimated at $393.5 billion; the amount for CAD alone was $142.1
billion dollars '. Surveys conducted during 1987-2000, showed that among the top 15 most
costly medical conditions, heart disease occupies first place with an 8.1% increase in total
healthcare spending. These statistics provide compelling evidence of the impact of CAD on the
society and the need to identify and assess effective preventive and treatment strategies.
Although primary prevention is ideal, the pressure to treat the already prevalent disease burden is

immense.

TREATMENT OF CORONARY ARTERY DISEASE

In addition to behavioral and risk factor management, the treatment options for CAD ranges
from non-invasive pharmacological therapy to invasive revascularization procedures (coronary
artery bypass grafting (CABG) and percutaneous interventions) *.

Pharmacological therapy is often the first line of treatment and includes anti-anginal
medications such as nitrates, beta-blockers and calcium channel blockers. In addition to these
drugs, aspirin, an antiplatelet agent, has shown to be especially effective in early stages of MI

and reduction of cardiovascular mortality °. Prior to the advent of percutaneous coronary



intervention (PCI), CABG was the only other alternative mode of CAD therapy. Saphenous vein
grafts, harvested from the patient’s legs and fashioned as conduits, were used to bypass coronary
lesions to supply blood to distal portions. Randomized trials like the Veterans Administration
(VA) study * Coronary Artery Surgery Study (CASS) ° and European Coronary Surgery Study ®
compared medical therapy to surgical treatment and found that both options had similar survival
benefits except in multivessel disease or poor ventricular function, wherein surgery was better.
However, this benefit seen with CABG lasted for only 5-7 years after which symptoms returned
with increasing risk of mortality ’. This was attributed to degeneration of the vein grafts and
prompted use of arterial conduits like the internal mammary artery, which is currently the

conduit of choice.

Percutaneous Coronary Intervention

The concept of PCI was introduced in 1964 and balloon angioplasty was first performed to dilate
a single lesion in a 38-yr old man in Switzerland in 1977 ®. Ever since then and up to the
approval of the first drug-eluting stents, this field has undergone rapid developments. In the year
2003, approximately 664,000 procedures were performed on 652,000 patients in the U.S., an
estimated increase of more than 300% since 1987 (Appendix A) .

The beneficial effect of balloon angioplasty was attributed to stretching and tearing of the
plaque, accompanied by its redistribution °. Although this resulted in initial success rates of 86-
88%, complications such as abrupt vessel closure, due to dissection and / or thrombus 10,
necessitated emergency surgery as a bail-out option. This prompted development of devices that
could incise and/or remove plaques (cutting balloons, atherectomy devices), ablate lesions
(Excimer angioplasty, brachytherapy) or serve as scaffolds (metallic stents) that prevent vessel
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recoil. Of these, use of bare-metal stents (BMS) resulted in drastic reduction in acute
complications, simultaneously increasing the success rates. However, they triggered thrombus
formation and inflammatory responses resulting in restenosis that necessitated re-intervention.
The latest in the armamentarium are drug-eluting stents (DES) — polymer-based stents with drug
coating with immunosuppressant and antithrombotic properties. Numerous trials, conducted
within a short time frame, showed dramatic improvements with restenosis rates as low as 0% '
12- 13 Paralleling these technological developments, are improvements in adjunct therapy which
include antiplatelets (aspirin, ticlopidine, clopidogrel) and anticoagulants (hirudin, bivalirudin
and low-molecular weight heparin, glycoprotein IIb/Illa platelet receptor inhibitors).

However, in spite of this progress, the field of PCI now appears to be at crossroads. Long
term follow-up of the DES has unearthed concerns — increased risk of mortality and late stent

thrombosis '* 1

- that, if validated, could amount to a major public health burden. It has also
brought to light, concerns of dual antiplatelet therapy use — their appropriate duration that
depends on the stent type as well as patients’ responsiveness and compliance to these
medications. Overall, since initial use of the procedure, it appears that the profile of patients (and
lesions) undergoing PCI has become quite heterogeneous, to the extent that almost half of the
procedures today are performed under ‘off-label” or ‘untested’ circumstances '®. This, therefore,
makes it vital to have a time-sensitive documentation of the evolving real world clinical practice

and its associated impact, so as to provide the much-needed ‘big picture’, in the context of which

future developments and concerns can be assessed.



NATIONAL HEART, LUNG AND BLOOD INSTITUTE (NHLBI)-SPONSORED 1985-86
PERCUTANEOUS TRANSLUMINAL CORONARY ANGIOPLASTY (PTCA) AND

1997-2004 DYNAMIC REGISTRIES

Randomized clinical trials (RCT) are considered the gold standard in evidence-based medicine.
However, in a field such as PCI with rapid technological progress, new devices are often
introduced after initiation of a RCT and are in widespread use by the time the findings are
available. Therefore, when angioplasty became available for clinical use, the NHLBI set up the
1977-1981 PTCA registry to track use and performance of the procedure in the real world.
Following the rapid uptake of the procedure by the medical community, this registry was

reopened in 1985 "1

to verify and quantify the progress in the field. This registry recruited and
followed 2431 consecutive patients, with no prior revascularization, undergoing angioplasty PCI
from 16 centers in North America and Canada (Appendix II — to be included). The findings from
this 1985-86 PTCA registry demonstrated that procedural success of angioplasty had improved
and the need for CABG had decreased, and called for a randomized trial to compare this
procedure to CABG. This registry was also showed racial difference in cardiovascular risk
profile of patients undergoing PTCA " and that women had significantly increased in-hospital
mortality rates and angina at follow-up ***'.

Although during the PTCA registries, balloons were the only device available for use, the

field witnessed extensive and rapid technological developments with the introduction of



atherectomy devices and bare metal stents. Given the pressing need to characterize contemporary
practice, the Dynamic registry (DR) was developed in 1997 to recruit consecutive patients
undergoing PCI in waves - 1: 1997-98, 2: 1999, 3: 2001-02, 4: 2004. This innovative design
allowed for assessing safety and effectiveness in this rapidly changing field and included all
catheter-based cases, regardless of whether it was first or repeat procedure. The registry recruited
from 15-20 centers, of which 10 were from the 1985-86 PTCA registry (Appendix B). To allow
sufficient representation of all the sites, enrollment of white males were discontinued when 120
white males were enrolled at a site or when 1,600 white patients were enrolled in the study as a
whole. All consecutive minority and women patients were then recruited until 2,000 patients
were enrolled across all sites. Recruitment was monitored by the Coordinating center, using
screening logs, faxed to the center on a weekly basis. All research coordinators were trained in
data collection procedures prior to patient enrollment. Written informed consent was obtained
from participants to be contacted after discharge, and then annually, for health status
information. Demographic information, medical history, angiographic and procedural details,
and follow-up, information including repeat revascularization, were ascertained. The study
protocol was approved by the Institutional Review Board of the University of Pittsburgh, the

coordinating center, and all the sites involved.
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1.1 ABSTRACT

Since its initial use, percutaneous coronary intervention (PCI) has witnessed rapid advancements
in technology and adjunct therapy. The purpose of this analysis was to document this evolution
and the associated impact on one year clinical outcomes. Temporal trend in de novo PCI was
analyzed using consecutive cases in the NHLBI-sponsored 1985-86 PTCA registry and
Dynamic registry (DR) waves: 1997-98 (bare metal stents), 1999 (uniform use of stents), 2001-
02 (brachytherapy) and 2004 (drug-eluting stents). Patient and procedural profiles have expanded
to include more elderly patients, those with concomitant comorbidities and rise in urgent
procedures. Use of stents have increased over time from 70% in wave 1 (only bare metal) to 95%
(72% drug-eluting) in wave 4; adjunct therapy including IIb/IIla inhibitors (25% in wave 1 to
37% in wave 4) and antiplatelet agents (52% in wave 1 to 85% in wave 4) have been utilized
more frequently. Despite the higher clinical severity in the stent era, procedural success and
reduction in abrupt closures were achieved more often. Although little impact was observed on
mortality rates, significant reduction was seen in 1-year adjusted risk estimates of late repeat PCI
(hazard ratio: 0.7, 0.5, 0.5 and 0.3 for DR waves 1,2,3,4 compared to the PTCA registry) and
death/myocardial infarction (hazard ratio: 0.7, 0.7, 0.6 and 0.7 for DR waves 1,2,3,4 compared to
the PTCA registry). In the past two decades, PCI has evolved considerably to include more
urgent, comorbid cases, yet achieving appreciable success rates with reduced need for repeat

revascularization.



1.2 BACKGROUND

Percutaneous coronary intervention (PCI) is one of the most commonly performed non-surgical

22,23 . Y .
<. Ever since its initial use in the treatment of

procedures, both in the U.S. ' and worldwide
atherosclerosis °, the field has witnessed rapid advancements, both technologically (from
balloons to stents and atherectomy devices) as well as in adjunct therapy (antithrombotics,
fibrinolytics and antiplatelet agents). Concomitantly, the profile of patients (and lesions)

24,25 The multicenter

undergoing PCI in the last two decades, has become heterogeneous
NHLBI-sponsored 1985-86 PTCA % and 1997-2004 Dynamic registries (DR) 27 were
specifically initiated to document this evolution and taken together, form a systematic and
comprehensive source of prospective data, spanning two decades of real world practice. The
purpose of our analysis, therefore, is two-fold — 1) to document trends in patient, lesion, and
procedural characteristics, and 2) to compare in-hospital and one year outcomes - from the era of
balloon angioplasty (1985-86 PTCA registry) to that of the stents (Dynamic registry). This time-
sensitive appraisal is especially fitting at this juncture wherein the field is at the crossroads -

12, 13

restenosis, the long-time Achilles heel, may have been overcome , but there are emerging

concerns of late stent thrombosis '* and long-term safety "°.
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1.3 METHODS

1.3.1 NHLBI-sponsored 1985-86 PTCA and 1997-2004 Dynamic Registries — design and

data collection

The design and study population of the registries have been described in earlier reports 2*2%71%,

Briefly, consecutive patients undergoing angioplasty for the first time were enrolled from 16
centers in the PTCA registry. The DR, developed in 1997, enrolled consecutive patients
undergoing PCI, from 15-20 centers, in the following waves — 1: 1997-1998, 2: 1999, 3: 2001-
02, 4: 2004; the cohort was enriched with oversampling of women and minorities. All research
coordinators were trained in data collection procedures prior to patient enrollment and
information on patient demographics, medical history, angiographic and procedural details, was
ascertained. Standard definitions, as used in previous reports ' °, were applied and included the
following: lesions were considered successfully treated when an absolute reduction of 20% in
lesion severity and final diameter stenosis <50% was achieved; angiographic success was
classified as either partial (some but not all attempted lesions successfully treated) or total (all
attempted lesions successfully treated); procedural success was defined as achievement of either
partial or total angiographic success without death, Q-wave myocardial infarction (MI), or
emergency bypass surgery. For each cohort, the definition of MI was revised to match prevailing
expert consensus - in the PTCA registry, it was defined as evidence of > 2 of the following: (1)
typical chest pain >20 minutes not relieved by nitroglycerin, (2) serial ECG recordings showing
changes from baseline or serially in ST-T and/or Q-waves in > 2 contiguous leads, or (3) serum
enzyme elevation of CK-MB>5% of total CK (total CK>2x normal; LDH subtype 1>LDH
subtype 2); in the DR, cardiac troponin levels was incorporated as a major criteria. Information

11



on major outcomes, over one year of follow-up, including death from any cause, MI, CABG, and
repeat PCI (only non-staged procedures performed during a subsequent hospitalization) were
available. In each cohort, hospital records were examined to ensure consistency with respective
protocol definitions. Written informed consent was obtained from participants to be contacted
after discharge, and then annually, for health status information. The study protocol was
approved by the Institutional Review Boards of the coordinating center (University of

Pittsburgh) and all the clinical sites involved.

1.3.2 Statistical Methods

For sake of comparability with the PTCA registry, the enriched subset (women and minorities)
and patients with prior PCI in DR were not included in this analysis. Trends in baseline
characteristics - patient, procedural, lesion-specific and in-hospital outcomes — were assessed
across the cohorts using the Cochran-Armitage test for dichotomous variables ** and the
Jonckeheere-Terpsta test for continuous and nominal/ordinal variables . continuous data were
summarized as means and categorical variables as percentages.

One-year Kaplan-Meier (KM) estimates of event rates for death, combined death/MI,
repeat PCI, CABG, and repeat revascularizations (repeat PCI+CABG), were compared using log
rank statistics. Hazard ratios for the DR waves were assessed using Cox regression models with
the 1985-86 PTCA registry as reference. Proportionality assumptions were assessed and found to
be satisfied for death and death/MI, but not for repeat procedures. Therefore, repeat PCI, CABG
and repeat revascularization were assessed at two time points — early (< 30 days) and late (31-
365 days) - from index procedure. Patients, whose first repeat PCI or CABG occurred within 30
days from initial PCI, were censored for early events; analysis of late events included only those

12



who did not undergo any repeat procedure within the first 30 days. Baseline characteristics
(available in all 5 cohorts), with significant trend across the waves, were evaluated for univariate
associations with the events and those significant at the 0.05 level were included in multivariable
models); baseline ejection fraction was not considered due to substantial missing data (35%). For
the final model, for each event, the ‘wave’ variable, representing the cohorts, was forced to stay
in the model and remaining covariates selected using standard stepwise procedure (Pentry <

0.15, Pstay < 0.10). All analyses were performed with SAS version 9.1 (SAS Institute Inc, NC).

1.4  RESULTS

1.4.1 Patient, lesion and procedural characteristics

Compared to the PTCA registry, higher percentages of women, older patients, those with
concomitant comorbidities (hypertension, diabetes and severe non-cardiac conditions including
peripheral vascular disease) and prior bypass surgery were observed in the stent era (Table 1.1).

Acute coronary syndrome (unstable angina/acute MI) remained the most common reason
for revascularization over time, with a concomitant rise in non-elective procedures. The small yet
increasing percentage of asymptomatic patients with evidence of CAD, undergoing PCI, is of
note.

Baseline disease burden, as reflected by number of lesions and vessels diseased, was
higher in DR waves, however, procedural attempts more often involved single lesions and native
vessels (Table 1.1). The proportion of graft body interventions was also generally higher in the

stent era (4-5% vs 3%, Puend <0.01). Use of stents - either alone or in conjunction with balloons -
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increased from 70% in wave 1 (only bare metal) to 95% in wave 4 (72% drug-eluting); rotational
or directional atherectomy and brachytherapy were used in fewer than 2% of patients.
Glycoprotein IIb/IIla inhibitors, not available in the PTCA registry, were used more frequently in
the early waves; the drop in use seen in Wave 4 coincided with the introduction of bivalirudin
(wave 4: 28%). Procedural use of ticlopidine and /or clopidogrel increased to 85% in the latest
wave (Pyend <0.001).

The profile of attempted lesions was more severe in the DR — treated lesions were more
often located in a graft or were calcified or thrombotic (Table 1.2). Although the attempted
lesions were more often located in the left anterior descending artery, a small but significantly

higher proportion of left main lesions were observed in recent waves.

1.4.2 In-hospital outcomes and discharge medications

With the introduction of stents, procedural success was achieved and maintained more often
(PTCA registry: 82%, wave 1: 94%, wave 2: 95%, wave 3: 96%, wave 4: 96%; Pyena: <0.001),
despite treatment of more severe lesions. In contemporary practice, although complications such
as local dissection and side branch occlusions were seen more often, significant reduction was
observed in the rates of abrupt closures (Table 1.2). Trends in in-hospital events were also
encouraging with a reduction in the rates of MI and CABG in the stent era; mortality rates were
marginally, but not significantly higher in more recent cohorts (Figure 1.1).

Mean length of hospital stay was reduced from 4.1 days in 1985-86 to an average of 2.5 days in
the DR (Pgend <0.001). Discharge rates of medications, including aspirin, beta-blockers and

statins, recommended for secondary prevention of CAD, increased over time (Table 1.3).
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1.4.3 One year events

While the advent of stents coincided with an increase in crude one-year mortality rates,
cumulative rates of death/MI did not vary significantly between the five cohorts (Figure 1.2).
Similar pattern was observed in unadjusted risk estimates at one year — mortality risk was
significantly higher and risk of death/MI was non-significantly lower for the DR waves, when
compared to the PTCA registry (Table 1.4). However, adjustment for baseline cohort differences
resulted in a significant reduction in combined mortality / MI risk in contemporary practice.
Secondary univariate analysis of mortality was performed in selected subgroups. Crude I-yr
mortality rates, among ‘urgent cases, decreased over time (PTCA registry: 7%, wavel: 5%, wave
2: 4%, wave 3: 5%, wave 4: 3%; Piogrank: 0.08), and among those with AMI, mortality risk at one
year was non-significantly lower for the more recent waves (hazard ratios: 1.1, 1.0, 0.6, 0.9 for
waves 1,2,3,4 compared to the PTCA registry). In the DR, use of stents was associated with
lower mortality rates at one year (5% vs 7%, Piogrank: 0.02).

Although the overall 1-yr rates of repeat revascularization (repeat PCI or CABG) were
reduced from 29% in the PTCA registry to 11% in Wave 4, analyses by post-discharge interval
revealed an interesting pattern. While the reduction in early CABG rates was initially steep, and
plateauing thereafter, need for late CABG successively reduced over time (Figure 1.3). Risk of
CABG for the DR waves, compared to the PTCA registry, was significantly lower within and
after 30 days from initial PCI (Table 1.5). On the other hand, while cumulative rates of early
repeat PCI significantly increased over time, need for late repeat PCI was significantly reduced
across the cohorts (Figure 1.3). Risk of repeat PCI for DR waves, compared to the PTCA
registry, followed similar pattern, both before and after adjustment for baseline differences

(Table 1.5). Secondary analysis was performed in only those patients in whom both total
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angiographic and procedural success was achieved. The pattern of risk for repeat PCI remained
similar to that seen in the overall cohort, i.e., need for early repeat PCI was higher and that for
late repeat PCI was lower for patients in the Dynamic registry, when compared to those in the

PTCA registry.

1.5  DISCUSSION

Our report gives a time-sensitive appraisal of PCI and associated outcomes spanning two
decades of clinical practice in real-world consecutive patients. In contemporary practice, the high
procedural success with improved effectiveness (reduced need for repeat PCI) at one year are
especially noteworthy, given the widening patient and procedural profile. Although little impact
was observed on mortality alone, the risk of death or MI was significantly lower and indicative

of improved safety over time.

1.5.1 The patient, lesion and procedure

Technological improvements in the field of PCI were expected to widen the scope and feasibility
of the procedure, and our report confirms this in a twenty-year snapshot of clinical practice. In
contrast to the early days when PCI was primarily applied to discrete de novo lesions, the field
has progressed to more challenging grounds, including older patients, with concomitant
comorbidities, for acute MI, vein graft and calcified lesions. Angioplasties, these days, are also
being performed under more emergent / urgent circumstances, when compared to the pre-stent

24, 27

era. As demonstrated in previous reports , revascularization, at both the vessel and lesion
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level, was mostly selective, despite the greater disease burden seen at entry. The concept of
complete anatomic revascularization stemmed from early CABG studies, which was then
extended to the field of PCI. However, with more percutaneous procedures being performed for
acute conditions, functional revascularization may be of greater immediate priority. It is also
possible that, given the increasing proportion of older patients, baseline angiographic disease

may be predominantly diffuse, permitting only partial rather than complete revascularization.

1.5.2 In-hospital outcomes

The heterogeneity of patients and lesions being treated over time is expected to impact
procedural outcomes. When stents were initially introduced, indications widened to include
complex lesions and were likely to be associated with high rates of distal embolization,
dissections, and side branch occlusions " 3 0. subsequent reduction in these rates was attributed to
improved operator technique and patient selection, facilitated by use of adjunct antithrombotic or
fibrinolytic agents. Our report reconfirms this, wherein, angiographic / procedural success were
achieved and maintained more often in the stent era, in addition to the overall low risk of

immediate complications and reduced need for emergency CABG.

1.5.3 Post-procedural mortality or MI

Previous studies in PCI have demonstrated lack of impact on long-term all-cause mortality **

3132 and this has remained a matter of scientific inquiry. Other reports have shown a favorable

. : o : 33, 34, 35 and cardiogenic shock 36,37,38
impact on mortality and MI in high-risk settings such as acute MJ *7 7" 2> 1€ carfiogemie Siock 20.55.58

In our analysis, cumulative mortality rates increased with the advent of stents and plateaued

17



thereafter, with higher unadjusted risk estimates for the more recent waves. However, given the
severity of patients and lesions treated in the latter waves, it is encouraging that there was no
significant impact on mortality. Additionally, as seen in our univariate analyses, mortality tended
to be lower among urgent cases and those treated for AMI. Detailed risk-adjusted analysis is
warranted in these subsets to delineate extent of improvement over time. The importance of
monitoring cause-specific mortality has also been highlighted in recent report of long-term safety
concerns with DES use '°. It would therefore, be interesting to assess impact on cardiac/non-
cardiac mortality ratio over time.

In contrast to the trend in mortality alone, the impact on the combined endpoint of death
or MI has been favorable and probably driven by MI. In the early days, PCl-related infarction
was mostly attributed to abrupt closures and acute stent thrombosis. Stents were primarily
designed to counteract vessel recoil and circumvent acute closure, and our data supports this.
Additionally, the availability /use of improved adjunct drug regimen, including aspirin and

clopidogrel, may have conferred added advantage.

1.5.4 Repeat revascularization

Improvements in PCI have been primarily aimed at reducing the need for repeat
revascularization and as seen in our report, this depends on the post-discharge interval. Need for
repeat PCI, within 30 days of index procedure, was higher in the stent era, albeit low absolute
rates. In addition to reduced hospital stay, this could also represent a shift in favor of PCI, seen
from the balloon era, where the only alternative to a failed initial PCI was CABG. On the other
hand, a previous analysis of combined endpoint of 30-day events (including repeat target vessel
PCI), showed very little improvement in the rates across the first three DR waves; factors that
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were associated with higher risk included multivessel disease, acuity, ostial lesions and
pulmonary disease .

The sustained reduction in the need for late repeat revascularization — repeat PCI or
CABG - is what truly underscores the progress made in the field. The cohorts in this report are
representative of advancements in PCI at the respective time periods — new devices, adjunct
therapy, and improved antiplatelet regimen. The reduction in need for late PCI, observed when
the analysis was restricted to patients with initial success— angiographic and procedural, is
further proof for the favorable impact of the evolution in PCI.

In addition to improvements in PCI, the role of concomitant pharmacological therapy
cannot be overlooked. In the last two decades, a rise in the use of aspirin, beta blockers, plaque-
stabilizing/ regressing agents like statins and clopidogrel have been observed at discharge. There
is greater need for their extended use and compliance, given the emerging concerns of disease

progression ** and stent thrombosis *'.

1.5.5 Limitations

Data for the analyses is obtained from a registry database - a design considered less rigorous than
randomized trials (RCT). However, strict inclusion criteria in trials often lead to exclusion of
patients with high-risk characteristics known to impact procedural outcome. The trial protocols
often do not allow for premature antiplatelet/medication discontinuation, circumstances
commonly encountered in the real world. Thus, prospective enrollment of consecutive cases, as
in our registries, permits better representation of contemporary practice with immediate
applicability of results. RCTs are also designed for proving efficacy of treatments while
registries help with the evaluation of safety and effectiveness, an example of which is the issue
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of DES-related thrombosis ** that was identified using registry data, with no prior evidence in

early trials '>"

. Model-building included only data available in all five cohorts, and information
on bifurcations, ostial lesions and other lesion morphology were not used. Data on lifestyle

modifications, bleeding complications, and medication dose were also not routinely collected.

1.6 CONCLUSION

In the past two decades, initial PCI has evolved considerably to include more urgent cases and
higher percentage of patients with concomitant comorbidities, and yet achieved and maintained
high success rates, with improved effectiveness (reduced need for repeat procedures) at one year.
Extended follow-up is necessary to evaluate the duration of these benefits especially in clinically
challenging subsets that include chronic total occlusions, bifurcation lesions, and patients with
diabetes. Further research is also warranted to assess whether the observed trend in clinical

success has been translated to improved symptom relief and quality of life of the patients.
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Table 1.1: Trends in patient demographics and procedural characteristics in the NHLBI-

sponsored PTCA (1985-86) and Dynamic (1997-2004) registries

PTCA Dynamic Registry
Registry Wave 1 Wave 2 Wave 3 Wave 4
(N=2431) (N=1557) (N=1250) (N=1212) (N=1283)
Patient demographics
Age > 65 years, % * 28 42 45 48 47
Women, % * 26 32 32 35 31
Race, % :
White 92 86 87 88 84
Black 4 5 8 7 12
Asian 1 3 3 3 3
Hispanic 1 7 6 4 6
Mean BMI, kg/m* * 27.0 28.2 28.6 29.1 29.0
Prior MI, % * 38 33 23 17 15
History of CHF, % T 6 8 7 10 8
History of Diabetes, % * 14 26 25 26 31
Severe concomitant non-cardiac
disease, % * 6 29 32 36 37
Prior CABG, % * 11 12 14 14 16

Smoking, % t
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Table 1.1 continued
Current
Former

Ejection fraction, mean *

Primary Reason for

Revascularization, % i
Stable Angina
CCSC /11
CCSC 1Il/'1v
Unstable Angina /Acute MI
Cardiogenic shock
Thrombolytic therapy*
Asymptomatic CAD / Other
Procedural details
Procedural circumstance, % !
Elective
Urgent
Emergent
Baseline significant lesions, mean *

Number of lesions attempted, % *

31

40

58.0

38

17

20

58

n/a

75

19

2.6

63

25

12

22

29

38

55.3

25

12

12

66

63

24

13

2.7

68

24

29

40

53.1

21

72

10

55

31

14

2.7

69

24

25

41

51.9

19

12

49

38

13

2.9

68

24

23

40

52.2

20

10

68

12

54

32

14

3.1

72
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Table 1.1 continued

Baseline vessel disease, % :

Single 48 46 47 40 36
Double 32 32 30 33 32
Triple 21 22 23 28 33

Number of vessels attempted, % *

1 native vessel 77 84 83 83 81
2 native vessels 17 10 10 10 14
3 native vessels 2 0.6 0.7 0.9 0.3
Graft only 3 4 5 5 4
2 1 native vessel and graft 1 1 1 0.7 1
Overall balloon use, % * 100 97 92 80 79
Overall stent use, % * n/a 70 85 94 95
Gp IIb/Illa inhibitors prior or during n/a 25 34 55 37

procedure, % *
Clopidogrel and/or ticlopidine 24 n/a 52 43 65 85

hours prior or during procedure, % *

BMI: Body mass index, CCSC: Canadian cardiovascular society classification; MVD: multivessel
disease; n/a: not available; Py, in characteristics across the cohorts: * < 0.05, + < 0.01, § < 0.001,
assessed using Cochran Armitage test for 2-level categories and Jonckeheere-Terpsta test for continuous

variables and nominal / ordinal categories
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Table 1.2: Characteristics of attempted lesions and angiographic outcome in the NHLBI-

sponsored PTCA (1985-86) and Dynamic (1997-2004) registries

PTCA Dynamic Registry
Registry Wave 1 Wave 2 Wave 3 Wave 4
(N=3791) (N=2218) (N=1755) (N=1728) (N=1720)
Location, % '
Right coronary artery 29 34 35 34 32
Left main 0.4 0.9 0.7 1 1
Left anterior descending 46 39 36 38 38
Left circumflex 21 22 22 22 24
Graft 3 5 6 5 5
Diameter stenosis, % :
<50% 2 2 2 1 0.2
50-70% 15 10 12 9 5
70-90% 37 31 35 39 49
90-99% 34 41 39 40 34
Total occlusion 2 16 13 11 12
Lesion Characteristics
Evidence of thrombus * 11 22 24 18 17
Calcified * 11 30 27 24 27
Receives collaterals * 21 14 14 10 10
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Table 1.2 continued

Supplies collaterals 8 6 4 4 10
Final % stenosis, mean : 33 12 9 6 5
Angiographic success, % 81 94 95 95 96

Complications, %

Dissection * 3 12 5 2 3
Side branch occlusion 0.4 3 2 2 2
Abrupt closure (in lab) * 3 2 1 0.3 0.2

Piend in characteristics across the cohorts: * < 0.05, ¥ < 0.01, £ < 0.001, assessed using Cochran
Armitage test for dichotomous variables and Jonckeheere-Terpsta test for continuous variables and

nominal / ordinal categories
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Table 1.3: Trends in duration of hospital stay and discharge medications, among those

alive at discharge, in the NHLBI-sponsored PTCA (1985-86) and Dynamic (1997-2004)

registries
PTCA Dynamic Registry
Registry  Wave 1 Wave 2 Wave 3 Wave 4
(N=2397) (N=1527) (N=1228) (N=1194) (N=1258)
Mean length of Stay, days * 4.1 2.7 2.6 24 2.2

Discharge Medication, %

Aspirin * 84 94 94 95 97
ACE inhibitor * 1 29 37 45 54
Beta blocker * 26 66 72 77 81
Calcium channel blocker * 78 30 21 17 14
Statins * n/a 33 54 70 83
Digitalis 6 6 7 6 4

Diuretics * 6 15 18 20 24
Long-acting nitrates * 34 33 27 21 13
Ticlopidine * n/a 70 23 1 1

Clopidogrel * n/a n/a 61 92 95
Warfarin * 4 5 6 9 8

N/a: not available. Py.ng in characteristics across the cohorts: * < 0.05, ¥+ < 0.01, £ < 0.001,
assessed using Cochran Armitage test for dichotomous variables and Jonckeheere-Terpsta test

for continuous variables and nominal / ordinal categories.
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Table 1.4: Risk of Death and Death / MI at one year for the NHLBI-sponsored 1997-2004

Dynamic registry (reference: 1985-86 PTCA registry)

Death (N=345) Death / MI (N=730)

HR 95% CI HR 95% CI
Unadjusted
PTCA Registry 1.00 reference 1.00 reference
DR Wave 1 1.53 1.12-2.09 0.96 0.78-1.18
DR Wave 2 1.517 1.09-2.09 0.96 0.77-1.20
DR Wave 3 1.43%* 1.02-2.01 0.88 0.70-1.11
DR Wave 4 1.57° 1.14-2.15 1.00 0.80-1.23
Adjusted®
PTCA Registry 1.00 reference 1.00 reference
DR Wave 1 0.92 0.64-1.33 0.67* 0.53-0.85
DR Wave 2 0.96 0.66-1.40 0.68" 0.53-0.88
DR Wave 3 0.77 0.51-1.16 0.59* 0.45-0.78
DR Wave 4 0.89 0.60-1.32 0.69" 0.54-0.89
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Table 1.4 continued

P value: * <0.05,  <0.01, £ <0.001;

§ Covariates included for adjusted estimates are listed below, by type of event:

Death: Age<65, body mass index, smoking status, history of congestive heart failure, diabetes,
hypercholesterolemia, primary reason for revascularization, procedural circumstances, severe
non-cardiac comorbidities, multivessel disease, attempt of total occlusion and proximal left
anterior descending artery disease, overall balloon use; Death/MI: Age >65 years, body mass
index, history of congestive heart failure, diabetes, primary reason for revascularization,
procedural circumstances, and attempt of lesions with evidence of thrombus, calcified,

receiving collaterals or in vein grafts
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Table 1.5: Risk of Early (<30 days) and Late (31-365 days) repeat revascularization for the NHLBI-sponsored 1997-2004

Dynamic Registry (reference: 1985-86 PTCA registry)

Repeat PCI
Early (N=92)

Late (N=833)

CABG

Early (N=243)

Late (N=286)

CABG / Repeat PCI

Early (N=333)

Late (N=1016)

HR 95% CI HR 95%CI  HR 95% CI HR 95%CI HR 95% CI  HR  95%CI
Unadjusted

PTCA 1.00 reference 1.00 reference 1.00 reference 1.00 reference 1.00 reference 1.00 reference
DR Wave 1 243" 132448 0.66* 0.55-0.79 0.26*  0.18-040  0.83 0.61-1.11 049  0.36-0.66 0.66* 0.56-0.78
DR Wave 2 1.41 0.68-2.93  0.45% 0.36-0.56 0.23*  0.14-0.36  0.68* 0.48-0.94 0.33*  0.22-048 048"  0.39-0.58
DR Wave 3 234" 122451  0.54° 0.44-0.68 0.13*  0.07-024 038" 0.25-0.59 031*  0.21-047 0.47°  0.40-0.60
DR Wave 4 2.15%  1.14-4.07  0.32% 0.25-041 025°  0.16-039 022 0.13-036 0.42*  0.30-0.59  0.29*  0.23-0.37
Adjusted ®

PTCA 1.00 reference 1.00 reference 1.00 reference 1.00 reference 1.00 reference 1.00 reference
DR Wave 1 2250 1224416  0.72 0.60-0.87 0.23%  0.15-034  0.82 0.61-1.10 039"  0.28-0.53 0.72*  0.60-0.85
DR Wave 2 129  0.62-2.68 0.50° 0.39-0.62 021°  0.13-034  0.67* 0.48-0.93 027"  0.18-041 0.52*  0.43-0.64
DR Wave 3 2.00¥  1.04-3.87 0.58" 047-0.73 0.11*  0.06-022  0.37* 0.24-0.58 0.26*  0.17-0.39  0.52*  0.42-0.64
DR Wave 4 1.78 0.93-3.41 035" 0.27-045 0.2  0.14-0.34  0.19* 0.11-032  0.33*  0.23-047 0.31*  0.24-0.39
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Table 1.5 continued

HR: hazard ratio; CI: confidence interval, P value: * <0.05, + <0.01, $ <0.001.

§ Covariates included for adjusted estimates are listed below, by type of event:

Early Repeat PCI: Multivessel disease (MVD) and primary reason for revascularization; Late Repeat PCI: Age >65 years, primary reason for
revascularization, evidence of thrombus, number of lesions and vessels attempted; Early CABG: Previous CABG, multivessel disease, circumstances of
procedure, number of lesions attempted, total occlusion attempted, and proximal LAD lesion; Late CABG: History of Diabetes, MVD, and proximal
LAD lesion; Early Repeat PCI/CABG: MVD, primary reason for revascularization, procedural circumstances, calcified lesion, total occlusion
attempted, and proximal LAD lesion attempted; Late Repeat PCI/CABG: Age > 65 years, history of diabetes, MVD, primary reason for

revascularization, evidence of thrombus, number of lesions attempted, proximal LAD lesion attempted, and vein graft attempted
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Figure 1.1: Trends in in-hospital outcomes in the NHLBI-sponsored PTCA (1985-

86) and Dynamic (1997-2004) registries
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Figure 1.3: Cumulative (Kaplan Meier) event rates for early (< 30 days) and late
(31-365 days) CABG (A) and repeat PCI (B) in the NHLBI-sponsored PTCA (1985-86) and
Dynamic (1997-2004) registries
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2.1 ABSTRACT

Evolution of percutaneous coronary intervention (PCI) with associated impact on clinical
outcomes is well-documented. Our objective is to document temporal trends in post-procedural
symptoms in patients sequentially enrolled in the NHLBI-sponsored Dynamic Registry (N in
waves-1:2010, 2:1633, 3:1512, 4:1846). At l-year follow-up, the percentage of consecutive
patients (N: 6246) reporting angina of any severity in the past 6 weeks decreased from 24% in
wave 1 to 20% in wave 4 (Pyeng:<0.001). Evidence suggestive of interaction with PCI era was
seen with large reduction in angina rates for patients with prior MI, diabetes, lack of initial
procedural success, procedural use of anti-platelet agents and those discharged on > 2 medication
classes (beta blockers, long-acting nitrates, calcium-channel blockers, ACE-inhibitors). In
contrast, difference in angina rates by history of prior PCI widened over time. Risk of post-PCI
angina was lower for recent cohorts, even after adjusting for age, sex, race, primary reason for
PCI, prior bypass or PCI, smoking status, comorbidities, repeat PCI, use of stent and > 2
medication classes [relative risk (95% CI): 1.0 (0.9-1.1), 0.7 (0.7-0.8), 0.8 (0.7-0.9) for waves
2,3,4, compared to wave 1]. In the drug-eluting stent era (wave 4), significant predictors of post-
PCI angina included female sex, prior bypass, prior or repeat PCI, and one-year MI. In
conclusion, favorable temporal trends are seen in prevalence and risk of post-PCI angina,
paralleling the evolution of the field in the last three decades. In contemporary practice, specific

subgroups remain at high risk for symptoms and warrant closer attention.
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2.2  BACKGROUND

Symptom relief and prolongation of life remain the primary goals of cardiovascular therapy.
Percutaneous coronary intervention (PCI) has evolved rapidly in the past two decades and while
the associated favorable impact on clinical success (high procedural success rates and reduced
need for repeat revascularization) has been well-documented 242793 there are few reports on the
impact on post-procedural symptoms. More importantly, given the lack of demonstrable
mortality benefit, there is an important need to focus on symptom-related patient outcomes
following revascularization. The NHLBI-sponsored Dynamic registry enrolled consecutive
patients undergoing PCI in 4 sequential waves from 1997 to 2004 ** **. The registry represents
significant phases in PCI evolution and can, therefore, provide insight into prevalence of post-
PCI angina over time. The purpose of this report, therefore, is to 1) document temporal trends in
patient-reported one year post-PCI angina and, 2) identify significant predictors of angina in

contemporary practice (wave 4).

2.3 METHODS

2.3.1 The NHLBI-sponsored 1997-2004 Dynamic Registry

Consecutive patients undergoing PCI were sequentially enrolled in recruitment waves: Wave 1:

1997-98, Wave 2: 1999, Wave 3: 2001-2002, and Wave 4: 2004; each cohort was enriched

24, 44

(oversampled) with women and minorities . Baseline information on patient and procedural

characteristics were ascertained by research coordinators trained in data collection. Written
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informed consent was obtained from participants at baseline for enrollment and follow-up
contacts. Patients were contacted by telephone, mail or during clinic visits, at one year of follow-
up, and information on angina and medication use, in the past 6 weeks, was obtained.
Hospitalizations for angina, myocardial infarction (MI), bypass surgery (CABG), and repeat PCI
over one year were also recorded. The study protocol was approved by the Institutional Review
Board of the University of Pittsburgh and those of all sites involved.

Stable angina was defined as pain precipitated by exertion and relieved by rest and/or
sublingual nitroglycerin, with no change in pattern or severity within 6 weeks before intervention
(baseline) or in the previous 6 weeks (follow-up). Unstable angina was defined as either pain
presenting at rest, or exertional pain of at least Canadian Cardiovascular Society (CCS) Class I1I
that began or increased in severity at least one CCS Class in the 2 months before intervention of
follow-up. Acute MI, in the first 2 waves, was defined by the documented presence of >2 of the
following criteria: clinical symptoms, enzyme-level elevations, new wall-motion abnormalities,
and >2 serial electrocardiogram tracings showing changes from baseline or serially in ST-T
and/or new Q waves in >2 contiguous leads; for waves 3 and 4, diagnosis of MI was based on
either biochemical evidence of necrosis or serial ECG changes. Attempted lesions were
considered complex if > 1 of the following features were present: evidence of thrombus,
calcified, at bifurcation, chronic total occlusions (occlusions in patients undergoing PCI for
reasons other than MI), and ostial lesions *°.

Overall 8788 patients were enrolled in the registry and ~ 90% consented for follow-up.
The present analysis excludes 297 patients who died within one year (% by waves: 3.5, 5.3, 5.0,
2.2; Pyenda: 0.07) and 131 patients with no follow-up information (% by waves: 1.1, 1.4, 3.6, 1.5;

Pyena: 0.02). To ensure generalizability, prevalence rates at follow-up were calculated using
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consecutive patients only (N=6246) so that the enriched sample of women and minorities,
recruited after the registry was closed to white men, were not included. Risk of follow-up angina
for all waves, as well as significant predictors specific to wave 4 only (the most current wave)

was based on all patients (N=7001) including the enriched subset.

2.3.2 Statistical Methods

Follow-up angina rates in consecutive patients are summarized by waves of enrollment and
temporal trends — overall and by baseline characteristics - assessed using the Cochran-Armitage
test for dichotomous variables ** and the Jonckeheere-Terpsta test for continuous and
nominal/ordinal variables *. In subgroup analyses, the possible differential effect of patient and
procedural characteristics on the occurrence of angina over time was modeled using interaction
term with recruitment wave in logistic regression models; P< 0.15 was considered suggestive of
interaction. Relative risks (unadjusted and adjusted) of post-PCI angina, with wave 1 as the
referent category, were estimated using generalized linear models specifying the binomial
distribution and log link function (PROC GENMOD in SAS). For multivariate adjustment,
baseline factors that significantly differed across the cohorts (Pyena < 0.05) and were also
associated with follow-up angina (P < 0.10) were considered. For the final model, recruitment
wave was included with a stepwise selection (Penry < 0.10, Pyay < 0.05) method used to select
other significant covariates. To assess the impact of missing angina information, sensitivity
analyses were performed by assigning symptomatic status to patients 1) alive but missing
information and, 2) who died over one year.

Significant predictors of post-PCI angina, in contemporary practice (wave 4), were

identified using only baseline symptomatic patients (primary reason for index PCI: stable or
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unstable angina or acute MI), for comparability with previous report *> Sequential models were
fit using stepwise selection methods and log binomial regression analysis. The first adjusted
model included baseline patient and procedural characteristics. The second adjusted model
included Model 1 variables and statistically significant in-hospital and one-year characteristics,
including intercurrent adverse events and repeat revascularization. All analyses were performed

with SAS version 9.1 (SAS Institute Inc, NC).

24  RESULTS

Compared to 1997-98 (wave 1), patients in the latter waves were older, had more comorbidities
(hypertension, diabetes and severe non-cardiac conditions) and prior revascularization (PCI or
CABG) (Table 2.1). Although number of diseased vessels / lesions, at baseline, increased over
time, procedural attempts more often involved single vessels / lesions. Overall stent use
increased over time (66% to 93%), with 75% of wave 4 patients receiving a drug-eluting stent.
Over time, there was more frequent use of glycoprotein IIb/Illa inhibitors (wave 1: 23%, wave 2:
32%, wave 3: 52%, wave 4: 35%, Puena: <0.001), and antiplatelets (ticlopidine or clopidogrel,
wave 1: 51%, wave 2: 42%, wave 3: 66%, wave 4: 86%, Pyeng: <0.001). Procedural success was
also achieved more often over time with fewer complications and in-hospital adverse events.

At discharge, aggressiveness of medical therapy increased over time. Specifically, more
patients were prescribed aspirin (wave 1: 94%, wave 2: 94%, wave 3: 95%, wave 4: 97%, Pyend:
<0.001), ticlopidine or clopidogrel (wave 1: 67%, wave 2: 82%, wave 3: 94%, wave 4: 96%,
Pirena: <0.001), beta-blockers (wave 1: 65%, wave 2: 71%, wave 3: 77%, wave 4: 81%, Pieng:

<0.001), angiotensin converting enzyme (ACE) inhibitors(wave 1: 29%, wave 2: 34%, wave 3:
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46%, wave 4: 56%, Pyena: <0.001) and lipid lowering medications (wave 1: 46%, wave 2: 60%,
wave 3: 76%, wave 4: 87%, Pyena: <0.001). However, prescription of calcium channel blockers

and long acting nitrates decreased from 36% and 33% respectively in wave 1 to 15% in wave 4

(Pirend:<0.001 for both).

2.4.1 Angina in the past 6 weeks at one — year of follow-up

When contacted at one year, fewer patients, over time, reported angina of any severity in the past
6 weeks — both in the overall cohort (24% in wave 1 to 20% in wave 4, Pyeng: <0.001) and among
symptomatic patients (Figure 2.1). Additionally, angina rates at 1-year were higher among
patients who had undergone index PCI for stable angina, compared to other reasons. Among
patients who reported angina at one year (Table 2.2), there was an indication of more frequent
episodes of angina (i.e. 3 or more times per day) in the latter recruitment waves (Pgenq: 0.01).
While 1-year reported use of aspirin, beta-blockers, ACE inhibitors, lipid lowering medications
and antiplatelet therapy increased over time, use of calcium channel blockers and long acting
nitrates decreased (Pyenq for all: <0.001), the need for repeat revascularization (both PCI and

CABQG), following index PCI, decreased significantly across the waves (Table 2.2).

2.4.2 Temporal trends in post-PCI angina within baseline characteristics

The overall decreasing trend in patient-reported angina rates over time was evident in most
subgroups classified by patient and procedural characteristics (Table 2.3). However, there was
evidence suggestive of interaction (differential effect) with PCI era for several characteristics.

This included evidence of a large reduction in rates of angina over time for patients with prior
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MI, diabetes, lack of initial procedural success, procedural use of anti-platelet agents and those
discharged on > 2 medication classes (beta blockers, long-acting nitrates, calcium-channel
blockers, ACE-inhibitors). In contrast, difference in angina rates by history of prior PCI widened

over time.

2.4.3 Risk of post-procedural angina:

Compared to wave 1, the unadjusted risk of follow-up angina was 4-28% lower for more recent
waves, with statistical significance achieved for waves 3 and 4; adjustment for cohort differences
did not alter the pattern (Figure 2.2). Secondary univariate analyses in only successful
procedures (angiographic and procedural) or those in whom symptoms (stable or unstable angina
or acute MI) were the primary reason for index PCI, showed similar trend. Of note, overall use
of stents (vs no stent) was univariately associated with reduction in follow-up angina risk in all 4
waves (Relative risk in waves 1, 2, 3, 4: 0.77, 0.79, 0.63, 0.62, P< 0.05 for all).

Patients alive but missing angina information at follow-up were more often younger
(65% vs 54%, P: 0.02) with multivessel disease (64% vs 59%, P: 0.34), had undergone
procedures mostly for AMI (29% vs 24%, P: 0.88), with fewer calcified (51% vs 54%, P: 0.06)
and more ostial lesions (15 % vs 10%, P: 0.06); procedural (93% vs 97%, P: 0.01) and total
angiographic (88% vs 94%, P: <0.01) success was achieved less frequently. However, results of
the sensitivity analysis were similar to that in the overall cohort (relative risk of angina for waves

2, 3, 4 with wave 1 as reference: 0.97, 0.81, 0.81; P <0.001 for waves 3 and 4).

41



2.4.4 Factors associated with follow-up angina in contemporary practice

Of the 1846 survivors in wave 4, 1596 had undergone index PCI for angina (stable /unstable) or
AMI. Among the baseline independent predictors of 1-year angina, age > 65 years was
associated with decreased risk and female gender, history of CHF, peripheral vascular disease
and prior CABG/ PCI were associated with increased risk of follow-up angina (Table 2.4).
Patients discharged on ticlopidine or clopidogrel were less likely to report angina at one year
(RR: 0.74, P:0.06) whereas those hospitalized for MI or repeat PCI following the index
procedure showed a 1.5-fold increase in risk of angina at 1-year.

Although overall stent use, which was near universal in wave 4, was not an independent
predictor, it was univariately associated with reduced risk of post-PCI angina (relative risk (95%
CI):0.623 (0.40-0.96)). However, when stents were used in this cohort of symptomatic patients
(angina or acute MI), drug-eluting stents were associated with increased, albeit non-significant,

unadjusted risk (relative risk (95% CI):1.16(0.89-1.50))

2.5  DISCUSSION

This report documents favorable temporal trends in patient-reported post-PCI angina in a
prospective multicenter registry, spanning a decade of clinical practice. Specifically, prevalence
and risk of post-procedural angina has decreased over time and parallels technological evolution
and improved use of secondary pharmacotherapy in the field.

The NHLBI-sponsored Dynamic registry cohorts primarily represent evolution in PCI

since its initial use ~, with routine and increasing use of stents (bare metal and coated),
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antiplatelet regimen, and aggressive secondary CAD management. Indeed, this evolution has
resulted a proven reduction in the need for repeat revascularizations, even in a heterogeneous
patient (and lesion) population ** ***’. However, with the lack of demonstrable mortality benefit,
the true value of PCI, especially from a patient’s perspective, lies in symptom relief. Although

numerous reports have demonstrated favorable impact of PCI on post-procedural symptoms ***2

4848 9 their findings were from specific phases of PCI advancement. The current report is
unique in that it is prospective, spans over a decade of real world clinical practice and reflects
improvements in prevalence of post-PCI angina.

The association of PCI era with post-PCI angina could be attributed to a combined impact
of new technology, adjunct therapy, and more aggressive secondary management. In the early
stent era, Holubkov et al * showed that overall stent use was associated, although not
independently, with fewer symptoms. Similarly, in the present report, stent use was univariately
associated with reduced risk of follow-up angina, both overall and in individual cohorts.
Additionally, in keeping with recommended guidelines ¥, secondary management with aspirin,
antiplatelets, and lipid-lowering medications is more frequently pursued. Even with the overall
reduction in anti-anginal mediation use, we see an increase in beta-blocker use with a contrasting
decrease in nitrates and calcium-channel blockers. Although information on baseline use or
reason for follow-up use was not available in this registry, this is a likely reflection of the
beneficial effects of beta-blockers on all-cause mortality and morbidity *°. Interestingly,
compared to wave 1, risk of angina was significantly reduced only for the two most recent
waves. One possible explanation is a likely similarity between the first two waves with the latter

cohorts witnessing more variety and use of technology (intracoronary radiation, atherectomy

devices, drug-eluting stents) and post-procedural management, in a widened patient and
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procedural profile. On other hand, PCI, over time, has been increasingly applied to sicker
patients and our original analyses included only survivors with one year information. Risk
estimates from sensitivity analyses, however, showed little variation.

Post-revascularization angina, in spite of reduced prevalence, remains a matter of
concern, especially since PCI is aimed at targeting ischemia-causing ‘culprit’ lesions. Some
important factors that may result in post-PCI symptoms include failed index procedure
(restenosis or residual disease) or new or progressed disease. While technological advancements
have dramatically reduced restenosis rates ', residual multivessel or left main disease has been
shown to be an independent predictor of follow-up angina *°. Therefore, given the diverging
trends in treatment strategy (fewer vessels attempted compared to number of vessels diseased)

27" one might have expected an increase in angina rates over time. However, the

over time
observed reverse trend is encouraging and may be attributed to safer, more successful procedures
followed by aggressive secondary management. Atherosclerosis is a chronic process and disease
progression, though expected, cannot be adequately predicted, even in patients undergoing PCI*.
This further underscores the need for continued aggressive risk factor modification. The latter
may also influence outcomes in specific co morbid characteristics and to this end, the apparent
substantial reduction in post-PCI angina among patients with diabetes deserves mention. This

marked improvement lends support to the favorable trends seen in other in-hospital and one year

outcomes observed in this subset ~.

2.5.1 Predictors of Angina in contemporary practice

Post-procedural evaluation, in real world practice, is more often triggered by symptoms and
identifying significant predictors could, therefore, serve as a ‘susceptibility’ index. This is

44



especially important in contemporary practice, given concerns of cost-effectiveness of coated

32:33 Factors independently predictive of increased risk of follow-up angina, in the DES-

stents
era, were female sex, age < 65 years, prior revascularizations and intercurrent hospitalizations for
MI or repeat PCI. In spite of the reported gender-specific improvement in in-hospital and long-
term outcomes following PCI ***>*¢_ female gender, also associated with under-use of evidence-

45, 58
*2°. In an

based medications >’ , remains a significant risk factor for post-procedural symptoms
era of improved success and single-digit restenosis rates, patients with prior PCI and those
requiring repeat PCI, may be representative of a unique subset of alleviated disease burden. The
differential impact of these characteristics on post-PCI angina further supports this notion, and

16

warrants closer attention. Additionally, in light of emerging reports of off-label use "~ and

>% 0 the increased risk of angina, though non-

adverse events with drug-eluting stent use
significant, in this cohort of symptomatic patients, needs further exploration.

The NHLBI-sponsored Dynamic registry relies on voluntary participation and majority of
the clinical sites are moderate-large volume centers, limiting universal generalizability of the
findings. Lack of information on baseline symptom profile limits ability to assess benefit from
the initial procedure. Angina, the outcome of interest, is highly subjective and also influenced by

%61 Data on these and recommended lifestyle modifications were not

psychosocial aspects
routinely collected. Further analysis is underway to evaluate patient-reported quality of life, as

means to validate self-reported symptom status, as well as temporal trends in supplemental

therapy used to achieve it in this cohort.
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2.6 CONCLUSION

Our report, from a large prospective, multicenter registry, documents favorable temporal trends
in prevalence and risk of post-PCI angina in a decade of real world clinical practice. In spite of
this overall trend, women and patients with prior or repeat PCI continue to remain at high-risk

for post-procedural symptoms.
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Table 2.1: Baseline patient, procedural and discharge characteristics of patients alive at 1

year following PCI in the NHLBI-sponsored 1997-2004 Dynamic Registry

Dynamic Registry Waves
1 2 3 4

Total patients 1793 1417 1379 1657
Patient characteristics
Age >65 years T 42.6 46.4 49.5 46.4
Female 31.2 30.6 32.7 28.2
White t 88 90.8 89.3 84.9
Prior CABG } 16 18.5 18.6 20.4
Prior MI § 38.5 31.4 26.1 26.7
Prior PCI * 29.6 29.1 323 32.1
Severe concomitant non-cardiac disease 27.9 32 36.4 35.4

Cerebrovascular 52 6.4 5.6 7.9

Peripheral artery disease 7 6.4 8.2 8.4

Pulmonary disease 6.2 8.7 7.6 6.7

Cancer 6 6.4 8.1 7.3

Renal failure /Insufficiency 2.8 3.7 5.6 7.3

Other 7.9 10.3 15 13.9
History of Diabetes 25.1 25.5 27 32.1
History of CHF 8.5 7.5 10.1 7.9
History of Hypertension § 58.8 62 71.8 76.5

Smoking
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Table 2.1 continued
Never
Former
Current
Mean Ejection fraction § I
Baseline Vessel Disease
Single
Double
Triple
Graft body disease
Total occlusion (native vessels or graft)
Proximal LAD disease
Mean significant lesions T
Procedural data
Primary reason for index PCI I
Stable Angina
UA / AMI
ACAD /Others
Circumstances of index PCI
Elective
Urgent
Emergent

# of lesions attempted T

48

31.9

43.8

243

55.9

42.8

32

23.5

11.4

35.5

32.7

2.8

26.7

64.2

67.4

233

9.3

30

45.7

24.3

54.1

44.4

30.4

25.1

12.8

34.1

35.9

2.9

21.3

71.5

7.2

57.9

323

9.9

34.5

43.9

21.6

52.7

38

31.8

30.2

13.2

35.5

325

3.1

20.4

70

9.7

51.4

38.1

10.4

38

41.5

20.5

52.2

34.4

32.7

32.9

14.7

38.9

35.5

3.1

23.1

63

13.9

58

31.3

10.7



Table 2.1 continued
One 67.3 69.2 69.5
> 2 or more 32.7 30.8 30.5

# of vessels attempted T

1 native vessel only 83.1 82.6 82.2
2 -3 native vessels only 9.2 9.2 9.7
Graft +/- native vessels (s) 7.6 8 8.1

Complex lesions (evidence of thrombus, ostial ,

bifurcation, calcified, chronic total occlusions) 61.6 59.6 53.9
Ulcerated 15.3 15.7 15.2
Proximal LAD attempted 17.3 18.6 15.6
Gp IIb/IIa inhibitors 24 hrs prior /during PCI 23 32.4 52.4
Ticlopidine/Clopidogrel < 24hrs/during PCI 51 42.1 66.1
Device use

Overall balloon use 97.4 92 74.8

Overall stent use 66.5 80.7 88.3

In-hospital outcome and discharge data

Overall total angiographic success § 93 93.1 94.8
Procedure success * 96.8 97 97.7
Any in-hospital complication (dissection, side

branch occlusion, abrupt closure, slow flow,

embolization) 18.9 9.5 7.3

MI (in-hospital) 2.6 2.9 1.9

49

72.1

27.9

79.2

12.8

53.9

15

15.5

34.5

86.3

75.4

93.4

95.5

97.6

7.6
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Table 2.1 continued
CABG (in-hospital)
Major entry site complication T
Medications at discharge
Aspirin §
Beta-blockers §
Long-acting nitrates §
ACE-Inhibitors
Calcium channel blockers
Lipid lowering medications
Digitalis
Diuretics §
Warfarin ¥
Low-molecular-weight heparin**

Ticlopidine /Clopidogrel §

1.1

2.7

94.2

65.3

334

28.6

35.9

45.5

6.5

14.1

5.5

1.3

67.1

1.1

3.8

93.6

70.8

27.3

343

27.3

60

6.3

17.8

6.1

1.1

81.5

0.6

2.9

95

71

24.8

45.9

20.7

76.1

20.7

7.6

0.6

94

0.8

4.7

96.9

81.2

15.4

55.7

15.1

87.2

3.4

23.4

7.5

0.7

96.1

Piena using Cochran-Armitage test for dichotomous variables and JT test for continuous &

ordinal variables: * <0.10, ** < 0.05, ¥ <0.01, § <0.001; § 33% of data missing

ACE: Angiotensin-converting enzyme inhibitors, CHF: Congestive heart failure, CABG:

coronary artery bypass grafting, LAD: Left anterior descending artery, MI: Myocardial

infarction, PCI: Percutaneous coronary intervention
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Table 2.2: Temporal trends in post-procedural angina and related characteristics at one

year follow-up in the NHLBI-sponsored 1997-2004 Dynamic Registry

Dynamic Registry Waves
1 2 3 4
(1997-98)  (1999) (2001-2002) (2004)

Total Patients 1793 1417 1379 1657
Presence of Angina in past 6 weeks § 243 223 17.9 20
Severity of Angina (among those with angina)

Stable CHC I/Il Angina 54.5 54.2 59.5 58.6

Stable CHC III/IV Angina 20.5 20.8 23.2 12.9

Unstable Angina /AMI 25.1 25 17.3 28.5
Frequency of Angina
(among those with angina) f

3 or more times/day 4.3 7.7 6.3 9.6

1 to 2 times/day 13 10 13.5 13

Several times/week 30.9 31.4 38.8 31.2

Once/week or less 51.9 50.8 41.4 46.3
Angina Status and use of Long-acting nitrates §

No Angina, No nitrates 59.5 65.1 69.4 71.2

No Angina, Nitrates used 15.7 11.7 11.9 8

Angina 243 22.4 17.8 20
Medication use in the past 6 weeks

Aspirin 85 84.9 84.9 89.9
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Table 2.2 continued

Ticlopidine /Clopidogrel § § 1.7 3.8 16.9 59.8
Lipid lowering medications } 56.8 66.3 76.3 82.8
ACE-Inhibitors § 28.1 33.2 45.5 48.6
Beta-blockers i 60 65.4 70.3 75.5
Long-acting nitrates { 27.1 21.1 17.6 13.2
Calcium channel blockers 29.8 24.6 21.3 16.4
Sublingual NTG } 76 67.4 63.8 61.3
Warfarin* 5.5 5.8 7.3 7.1

Angiotensin receptor blocker 1.9 4.3 54 12.5
AHM i 7.7 6.8 8.9 10.6
Diuretics § 20.1 21.5 24.1 25.8
Digitalis { 7.2 6 5.5 4.1

Hospitalizations over 1 year

Angina § 19.3 17.5 12.5 13.9
MI 52 5.4 4.8 4.5
Repeat PCI § 16 12.9 12.2 9.5
CABG { 6.9 6.2 4 2.5

Pieng using Cochran-Armitage test for dichotomous and JT test for ordinal variables:* < 0.05, 1 <
0.01, £ <0.001; § Information on 1-year Clopidogrel use not routinely collected in Waves 2 and 3;
ACE: Angiotensin-converting enzyme inhibitors, NTG: Nitroglycerin, AHM: Vasodilators/other anti-
hypertensive medications, MI: Myocardial infarction, PCI: Percutaneous coronary intervention,

CABG: coronary artery bypass grafting
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Table 2.3: Prevalence of one-year post-procedural angina within baseline and in-hospital characteristics in the NHLBI-

sponsored 1997-2004 Dynamic Registry

Waves of the Dynamic registry

Overall Pirena* P **
Total Angina Total Angina Total  Angina Total  Angina Total  Angina
(N=6246) (%) (N=1793) (%) (N=1337) (%) (N=1377) (%) (N=1641) (%)
Age > 65 years
Yes 2872 19.3 764 21.1 657 22.2 682 16.3 769 17.7 0.02 1
No 3374 232 1029 26.7 760 23 697 19.4 888 22.1 0.004
Sex
Male 4334 20.1 1233 22.7 983 21.6 928 16.5 1190 19 0.003 0.8
Female 1912 243 560 27.9 434 25.1 451 20.6 467 22.7 0.02
Race
White 5504 20.8 1578 24 1287 22.2 1232 16.5 1407 19.5 <0.001 0.36
Non-whites 742 26 215 26.5 125 27.2 147 28.6 246 232 0.45
Prior MI
Yes 1908 24.8 684 28.7 439 26.2 353 19.8 432 21.3 0.001 0.1
No 4237 19.8 1091 21.5 957 21 1000 17.1 1189 19.4 0.07
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Table 2.3 continued

Prior CABG
Yes
No

Prior PCI
Yes

No

1141

5099

1919

4317

29

19.7

27.1

18.8

Severe Concomitant Non-Cardiac Disease

Yes
No
History of Diabetes
Yes
No
History of CHF
Yes
No
History of Hypertension
Yes

No

2034

4185

1707

4505

522

5625

4151

2034

23

20.5

23.4

20.6

25.5

21

225

19.1

286

1503

528

1257

497

1284

443

1321

152

1628

1039

728

31.2

23.1

29.2

222

25

24

29.8

22.6

26.3

24.1

25.6

22.4

262

1155

413

1004

452

962

360

1053

106

1305

874

524

30.5

20.9

27.9

20.5

27.2

20.5

25

219

24.5

22.5

25.5

17

54

256

1123

446

933

501

875

372

1007

137

1220

980

382

24.6

16.3

24.4

14.7

18.4

17.5

19.4

17.3

24.8

17.1

18.7

16

337

1318

532

1123

584

1064

532

1124

127

1472

1258

385

29.4

17.6

26.5

17

22.1

18.9

19.7

20.2

26

19.4

20.7

17.7

0.4

<0.001

0.21

<0.001

0.04

0.001

<0.001

0.03

0.94

<0.001

<0.001

0.02

0.18

0.14

0.7

0.03

0.24

0.92



Table 2.3 continued

Smoking
Never
Ever (current + former)
Multivessel disease
Yes
No
Graft body disease
Yes
No
Any total occlusion
Yes
No
Proximal LAD disease
Yes
No
Reason for index PCI
Stable Angina
Unstable Angina / AMI

ACAD /Other

1978

3900

3742

2482

812

5434

2254

3992

2131

4115

1445

4172

627

214

21.6

22.8

19.4

30.4

20

24.5

19.6

22.5

20.8

24.6

22.1

9.1

546

1168

1026

767

205

1588

637

1156

586

1207

479

1151

162

23.4

24.8

25.6

22.6

31.2

23.4

27.3

227

23.2

24.9

27.4

24.7

13

398

929

787

629

181

1236

483

934

508

909

302

1013

102

21.9

23.1

25

19.7

343

21

26.3

20.8

27.6

19.9

25.8
233

6.9

55

435

826

853

523

182

1197

489

890

448

931

281

964

133

19.3

17.8

18.9

16.3

26.9

16.5

20.3

16.5

18.8

17.4

20.3

18.6

7.5

599

977

1076

563

244

1413

645

1012

589

1068

383

1044

230

20.7

19.5

21.6

17.6

29.5

18.4

23.7

17.7

20.2

19.9

23.5

214

8.3

0.19 0.61
<0.001

0.03 0.68

0.01

0.41 0.34
<0.001

0.04 0.5

0.001

0.03 0.82

0.001

0.08 -

0.01 0.79

0.16 0.92



Table 2.3 continued

Procedural Circumstances

Elective 3698 21.5 1208 24.8 820 22
Urgent 1918 21.9 417 24.7 457 23.6
Emergent 627 19.1 166 20.5 140 23.6

# Vessels attempted
1 5104 20.9 1489 24.1 1170 21.9
> 2 (native +/- graft) 1132 23.5 301 25.3 242 25.6
# Lesions attempted
1 4333 21.6 1205 25.6 937 22
>2 1903 20.8 585 21.7 435 23.7
Complex lesions attempted (bifurcation, calcification, ostial, chronic total occlusions)
Yes 3516 20.8 1105 22.7 790 22.5
No 2632 22 688 26.9 547 21.9
Proximal LAD attempted
Yes 1044 19.2 310 174 262 26.3

No 5192 21.8 1480 25.7 1150 21.7

Any in-hospital complication (dissection, side branch occlusion, abrupt closure, slow flow, embolization)

Yes 699 22.5 338 25.2 134 20.9

No 5547 21.2 1455 24.1 1283 22.8

56

709

526

144

1132

245

957

420

737

640

215

1162

101

1278

17.9

19.6

17.3

20.4

18.4

16.7

17.5

18.3

15.8

18.2

17.8

17.8

961

518

177

1313

344

1194

463

884

757

257

1400

126

1537

19.6

20.5

20.9

19.4

22.7

19.8

20.7

19.5

20.6

16.7

20.6

20.6

20

0.001

0.05

0.51

<0.001

0.27

<0.001

0.25

0.01

0.002

0.33

<0.001

0.15

<0.001

0.40

0.65

0.47

0.25

0.52

0.56

0.87



Table 2.3 continued

Overall Balloon use

Yes 5331 21.1

No 915 23
Overall Stent use

Yes 5100 20

No 1146 27.4
Procedural use of Gp IIb/Illa Inhibitors

Yes 2165 19.5

No 4081 22.4
Procedural use of Ticlopidine / Clopidogrel
Yes 3853 20.6

No 2393 22.7
Overall Angiographic Success

None /Partial 370 24.9

Total 5866 21.1

1742

46

1192

601

412

1381

914

879

126

1664

243

26.1

22.6

27.8

21.1

253

23

25.7

28.6

24

1303

114

1144

273

459

958

597

820

98

1314

229

20.2

214

27.8

22.4

22.8

21.9

23.2

27.6

22.2

1031

348

1217

162

723

656

912

467

71

1306

Procedure Success (partial or total angiographic success without Q-wave MI/Emergency CABG)

Yes 6066 213

No 170 24.7

1733

57

24

333

1369

43

22.4

25.6

57

1346

31

15.8

239

24.1

17.8

17.8

17.5

18.4

18.3

17.8

17.8

19.4

1250

407

1547

110

571

1086

1430

227

75

1582

1618

39

19.2

22.6

19.4

29.1

18

21.1

204

17.6

21.3

20

20.2

15.4

<0.001

0.92

0.01

0.79

0.07

0.002

0.07

0.001

0.12

0.001

0.001

0.03

0.2

0.39

0.93

0.05

0.51

0.13



Table 2.3 continued

Aspirin
Yes 5928 21.1 1689 23.9 1325 222 1308 17.9 1606 20
No 315 25.7 104 30.8 91 29.7 69 15.9 51 21.6

Ticlopidine / Clopidogrel
Yes 5246 20.5 1203 22.7 1155 223 1296 17.7 1592 19.7
No 1000 26.2 590 27.6 262 24.1 83 20.5 65 29.2
Lipid lowering medications
Yes 4160 21.2 815 26 850 22.5 1050 18 1445 20
No 2086 21.8 978 22.9 567 22.9 329 17.3 212 20.3
# Discharge medications (beta blockers, calcium channel blockers, long-acting nitrates, ACE-inhibitors)
0-1 2735 182 819 18.8 689 18.1 565 16.3 662 19.3

=2 3508 238 974 29 727 27 812 18.8 995 20.5

0.001

0.05

0.01

0.46

<0.001

0.09

0.96

<0.001

0.25

0.84

0.64

0.001

*P value for test of trend in angina rates within each characteristic; ** P value for interaction term of characteristic with wave
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Table 2.4: Predictors of one year post-PCI angina in contemporary practice

Baseline factors

only

Relative risk

(95% CI)

In-hospital

factors and 1-yr

Female (vs Male)

Whites (vs non-whites)
Age > 65 years (vs < 65 yrs)
History of congestive heart failure

Concomitant peripheral vascular

disease

Prior bypass surgery

Prior PCI

Index PCI for acute MI (vs stable
or unstable angina)

Discharged on antiplatelets

MI during 1-year follow-up

Repeat PCI  during

follow-up

1.28 (1.06-1.55)
0.99 (0.79 - 1.25)
0.73 (0.60 - 0.89)
1.27 (0.95 - 1.70)

1.35(1.02 - 1.80)

1.45(1.17 - 1.78)
1.28 (1.05 - 1.54)

0.71 (0.56 - 0.89)

P value P value
outcomes added
Relative risk
95% CI1
0.01 1.24 (1.04-1.48) 0.02
0.95 0.99 (0.80-1.23) 0.93
<0.01 0.77 (0.65-0.93) 0.01
0.1 1.25(0.94-1.65) 0.12
0.04 1.21(0.92-1.59) 0.16
0.001 1.38 (1.13-1.69) <0.01
0.02 1.19 (1.00 - 1.43) 0.05
<0.01 0.75 (0.61 -0.92) 0.01
- 0.74 (0.49 - 1.02) 0.06
- 1.54 (1.13-2.12) 0.01
- 1.52(1.21-1.90) <0.001
concomitant

Additional covariates considered but did not enter model: Baseline factors:

cerebrovascular disease, history of hypercholesterolemia, significant graft body disease before

index procedure, presence of native total occlusions; In-hospital and one year outcomes: use of
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Table 2.4 continued
Gp IIb/IIa inhibitors < 24 hours or during index procedure, Use of drug-eluting stents, overall use
of balloons, discharge medications: long-acting nitrates, beta blockers, angiotensin-converting

enzyme inhibitors and calcium channel blockers.
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Figure 2.1: Prevalence of one-year post-procedural angina by primary reason for index PCI in the

NHLBI-sponsored 1997-2004 Dynamic Registry
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Figure 2.2: Relative risk of one year post-PCI angina in the overall cohort and in
specific subsets in the NHLBI-sponsored 1997-2004 Dynamic Registry
Covariates in the final model for the overall cohort: Age > 65 years, female gender, race, prior
PCI, prior CABG, severe concomitant non-cardiac disease, history of hypertension, smoking
status, primary reason for index PCI (stable or unstable angina, acute MI, other reasons), overall
stent use, repeat PCI over one year, discharged on >2 of the following medications (beta-

blockers, calcium-channel blockers, ACE-inhibitors, long-acting nitrates)
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3.0 TEMPORAL TRENDS IN AGGRESSIVENESS OF SUPPLEMENTAL
THERAPY FOLLOWING PERCUTANEOUS CORONARY INTERVENTION AND
THE ASSOCIATED IMPACT ON QUALITY OF LIFE AT ONE YEAR FOLLOW-UP -

A REPORT FROM THE NHLBI-SPONSORED DYNAMIC REGISTRY (1997-2004)

Lakshmi Venkitachalam MPH, MPhil, Kevin E. Kip PhD, Suresh Mulukutla MD, Clareann H

Bunker PhD, Kim Sutton-Tyrrell DrPH, Sheryl F. Kelsey PhD

Graduate School of Public Health, University of Pittsburgh, Pittsburgh, PA
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3.1 ABSTRACT

Durability of symptom-relief, following percutaneous coronary intervention (PCI), has often
been attributed to repeat revascularization. However, technological evolution in the field has
resulted in dramatic reductions in rates of restenosis and repeat intervention. Our objective,
therefore, is to document temporal trends in post-PCI supplemental therapy and evaluate its
influence on quality of life (QOL), in 6246 consecutive patients in the NHLBI-sponsored 1997-
2004 Dynamic registry. In the overall cohort, more patients reported use of pharmacological
maintenance therapy (PMT, >1 of beta-blockers, calcium channel blockers and long-acting
nitrates) both within and across the four waves (wave 1: 62%, wave 2: 64%, wave 3: 67%, wave
4: 72%, Pyena <0.001), with fewer repeat interventions. In every wave, more symptom-free
patients, compared to symptomatic counterparts, reported use of no additional therapy (wave 1:
19 vs 11 %, wave 2: 20 vs 12%, wave 3: 19 vs 14 %, wave 4: 17 vs 15 %, P < 0.05 for all). QOL
scores were higher with better physical activity and health status ratings in asymptomatic
patients. On average, adjusted QOL scores improved significantly over time (mean scores — 6.2,
6.5, 6.6 and 6.6 for waves 1,2,3,4; Pyeng: 0.01), but more importantly, differed by aggressiveness
of therapy (mean scores — none: 6.6, MT: 6.5, repeat PCI: 6.0 and bypass surgery + PCI: 6.3;
Piena: 0.03). Use of PMT, following initial PCI, has increased over time, with concomitant
reduction in repeat interventions. Patient-reported QOL is influenced by nature of supplemental

therapy and warrants consideration in post-PCI management.
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3.2 BACKGROUND

Durability of symptom-relief with percutaneous coronary intervention (PCI), either alone or
when compared to bypass surgery, is often attributed to subsequent repeat interventions and

26. 62 Restenosis, necessitating repeat PCI, has also been

reliance on anti-anginal medications
shown to negatively impact patient’s quality of life (QOL) following index procedure ®. In the
last few decades, however, the field of PCI has witnessed an explosion of new devices and
improved adjunct therapy. Consequently, contemporary procedures, performed in heterogeneous
population, are safer but more importantly, have resulted in a drastic reduction in restenosis and
repeat interventions “**"*. Additionally, in Paper 2 of this dissertation, favorable temporal
trends were seen in patient-perceived symptoms, following initial PCI. Nevertheless, the related
impact on the ‘price’ for achieving symptom-free status and its bearing on QOL remains to be
explored.

The objectives of this analysis, therefore, are to 1) document temporal trends in
aggressiveness of post-procedural therapy over one year, within anginal status, and 2) evaluate

its influence on QOL indicators, in consecutive patients undergoing PCI in the NHLBI-

sponsored 1997-2004 Dynamic registry.
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3.3 METHODS

3.3.1 The NHLBI-sponsored 1997-2004 Dynamic Registry

Consecutive patients undergoing PCI were sequentially enrolled in recruitment waves: Wave 1:
1997-98, Wave 2: 1999, Wave 3: 2001-2002, and Wave 4: 2004; each cohort was enriched

(oversampled) with women and minorities 2444

. Baseline information on patient and procedural
characteristics were ascertained by research coordinators trained in data collection. Written
informed consent was obtained from participants at baseline for enrollment and follow-up
contacts. The study protocol was approved by the Institutional Review Board of the University
of Pittsburgh and those of all sites involved.

Patients were contacted by telephone, mail or during clinic visits, at one year of follow-
up and information on angina and medication use, in past 6 weeks, physical activity (sedentary,
mild, moderate, or strenuous), health status (poor, fair, good, very good and excellent), and QOL
(11-point scale anchored between zero (dead or worse than being dead) and 10 (best)) were
obtained. Hospitalizations for angina, myocardial infarction (MI), bypass surgery (CABG), and
repeat PCI over one year were also recorded. Repeat PCI data included any procedure performed
during a subsequent hospitalization after the index procedure. CABG included both in-hospital
and post procedure events. Aggressiveness of supplemental therapy, following index PCI, was
classified as follows: none (or only sublingual nitroglycerin as needed), pharmacological

maintenance therapy (PMT, >1 of beta-blockers, calcium channel blockers and long-acting

nitrates), repeat PCI, and CABG +/- repeat PCIL.
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Of the 8788 patients enrolled in the registry, ~ 90% consented for follow-up. At one year,
6246 consecutive patients provided angina information and constitute the analysis sample in this

report.

3.3.2 Statistical analyses

Prevalence of symptom-free status, physical activity and health status at follow-up and
aggressiveness of therapy are summarized as percentages and quality of life scores are
summarized as mean (SD). Temporal trend in aggressiveness of therapy across the waves was
assessed using the Jonckeheere-Terpsta test. Patient-reported outcomes of physical activity,
health status and QOL scores were compared over time, by anginal status and in each level of
aggressiveness of therapy. Difference in physical activity and health status (dichotomized as
Poor / Fair vs Good/Very Good/Excellent) by anginal status was compared using the Cochran-
Armitage or Chi-square tests, as appropriate. Difference in QOL scores by anginal status, in each
wave, and trends over time was assessed using linear regression (PROC GLM in SAS); adjusted
mean scores across waves were obtained from multivariate models that included age, gender,
race and concomitant comorbidities (history of diabetes, hypercholesterolemia, hypertension,
congestive heart failure, severe non-cardiovascular diseases). All analyses were performed with

SAS version 9.1 (SAS Institute Inc, NC).
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3.4 RESULTS

Of the 6246 patient alive and providing angina formation at one year, ~80% reported being
angina-free (wave 1: 76%, wave 2: 77%, wave 3: 82%, wave 4:80%; Pyena: <0.001). Significant
temporal trends were observed in the need and type of additional therapy, both in the overall
cohort (Pyend: <0.001) as well as by anginal status (Pyeng in those with angina: 0.02, Pyeng for
angina-free patients: 0.001) (Table 3.1). PMT was the predominant type of additional therapy
both within and across the four waves (wave 1: 62%, wave 2: 64%, wave 3: 67%, wave 4: 72%).
Comparison between angina-free and symptomatic patients revealed important differences. In
every wave, more symptom-free patients reported no additional therapy, compared to
symptomatic counterparts (wave 1: 19 vs 11 %, wave 2: 20 vs 12%, wave 3: 19 vs 14 %, wave 4:
17 vs 15 %). However, when supplementary treatment was required, angina-free status was
achieved more often with maintenance therapy and fewer repeat interventions (more CABG and
fewer repeat PCI in asymptomatic patients, compared to symptomatic counterparts). Trends in
individual drug classes, used as maintenance therapy, showed that while fewer patients initially
discharged on calcium channel blockers and long-acting nitrates, reported use at follow-up, use

of beta-blockers increased across the waves (Table 3.2).

3.4.1 Quality of life following index PCI

Of the 5987 consecutive patients with QOL scores, mean QOL was significantly better in
angina-free patients when compared to those reporting symptoms (mean(SD) score:7.3(1.9) vs
5.9 (2.1), P<0.001) at 1 year; among those with angina, QOL decreased as severity increased

(mean (SD) score by CHC class: I: 6.4(1.9), II: 6.1(2), 111:5.4(2.2), IV: 5.6(2.1), Pyena: <0.001).
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Profile of follow-up physical activity, in each wave, was better in angina-free patients than their
symptomatic counterparts (sedentary: 8 vs 15%, mild: 38 vs 48%, moderate: 46 vs 33%,
strenuous: 8 vs 4%, Pyeng: <0.001).

Over time, mean QOL scores significant improved in the overall cohort and in both
symptom strata (mean (SD) scores — Angina: wave 1: 5.8 (2), wave 2: 5.8(2), wave 3: 5.9(2),
wave 4: 6.2(2), Pyeng: 0.01; No Angina: wave 1: 7.1 (2), wave 2: 7.4(2), wave 3: 7.4(1.9), wave
4: 7.3(1.9), Pyena: 0.01). Adjustment for potential confounders did not alter the pattern in the

overall cohort (Table 3.3).

3.4.2 QOL and aggressiveness of supplemental therapy following index PCI

In general, patient-reported QOL indicators (QOL scores, physical activity, health status) varied
by aggressiveness of additional therapy (Table 3.3). When analyzed within therapy subsets,
mean QOL scores (unadjusted and adjusted) increased over time, albeit with varying statistical
significance (Table 3.4). However, more patients in the ‘no therapy’ subset, in the recent waves,
reported poor health status (wave 1: 4 %, wave 2: 5%, wave 3: 6% wave 4: 8%, Pyeng: 0.02).
Exploratory analysis in the small subset (N= 167) of symptomatic patients with no additional
therapy showed trend towards increasing age with significantly more concomitant non-cardiac
disease and history of prior revascularizations over time. Although procedural success did not
differ across the waves, fewer lesions were attempted in setting of greater baseline disease

burden (Table 3.5).
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3.5 DISCUSSION

The NHLBI-sponsored Dynamic registry was primarily initiated to provide a snapshot of PCI
with focus on patient and lesion profile, improvements in technology and the associated impact
on clinical outcomes. Our report extends this to document temporal trends in supplementary
therapy, following index PCI and its effect on patient-reported quality of life at one year.

Since its initial use in 1977 ¥, PCI has seen rapid advancements resulting in high success

18,43

rates, improved safety and reduced need for repeat interventions . Previous studies have also

314399 " albeit the lack of demonstrable

reported favorable impact on post-procedural symptoms
mortality benefit. Few, however, explored the need and nature of post-procedural treatment in
achieving symptom-free status or the associated impact on patient’s quality of life. In the pre-
stent era, ~ 1 in four patients, who underwent PCI outside of acute MI setting and were angina-
free at one year, required repeat intervention (6% CABG and 19% repeat PCI) *. Subsequent
analysis of symptomatic patients in the NHLBI-sponsored Dynamic registry showed lower rates
repeat revascularization with increased use of maintenance therapy at one year *. This trend, as
observed in our report, has continued over time - not only is symptom-free status achieved more
often with pharmacological management, but more so in the setting of fewer repeat
interventions. Coronary revascularization is an ideal opportunity for implementing evidence-
based guidelines of post-procedural management and to this end, favorable temporal trends have
been demonstrated in Paper 2 of this dissertation. Additionally, as seen in this report, more
patients, when discharged on these medications, report use in the recent waves, suggestive of
improved compliance. Early studies of PCI have often viewed reliance on anti-anginal therapy as

a disadvantage of the procedure and admittedly, baseline use or reasons for discharge

prescription were not collected in our registry. Nevertheless, improved understanding of

70



atherosclerosis, over the past few decades, has allowed for more effective use of cardiac
medications, including beta blockers, in preventing recurrent events ** °> %7 Given the reduced
need for long-acting nitrates over time, we speculate that beta blocker use, along with those of
other recommended medications, probably reflects effective secondary prevention.

Patient’s perspective of effectiveness of a treatment modality largely differs from clinical
success. Patient-centered outcomes, including symptoms and quality of life, therefore, are
gaining attention, both as part of decision-making as well as assessment of procedural
performance °*®. Coronary artery disease, per se, imposes a considerable burden of illness and
baseline symptoms significantly affect quality of life, even after percutaneous treatment '’. Serial
measurements of post-procedural health status (anginal frequency, QOL scores and physical
function) showed that the greater improvement following CABG, compared to PCI, was
primarily driven by restenosis in the latter group . Our report extends this to show varying
influence of specific type of additional therapy on QOL indicators, even in the absence of
symptoms. Although treatment-specific QOL scores improved over time, there was considerable
variation by aggressiveness of therapy. Clearly, this speaks to the multi-dimensional nature of
QOL, which is not solely determined by symptoms, and therefore, must be considered during
long-term evaluation.

The trend seen in poor health status when not on any additional therapy was mainly
driven by symptomatic patients. Though small in number, the profile of symptomatic patients
reflected an aging cohort, with prior revascularization and concomitant comorbidities, who may
no longer be suitable for repeat interventions. On the other hand, lack of continued access to
health-care facilities, especially among those with symptoms, cannot be ruled out. In a study of

480 patients, undergoing revascularization, affordability of health care was directly associated
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with post-procedural recovery, especially among PCI patients ''. Then again, health status in this
report was assessed at a single time point and extended follow-up may have captured additional
therapy.

The QOL benefits of PCI, alone or in comparison to other treatment modalities, are seen
to vary in its various dimensions when captured using generic and disease-specific

: . 2,73,74,75
questionnaires 21747

. The choice of instrument, however, is largely influenced by availability
of resources, more so in registries that rely on voluntary participation. Information on patient-
reported outcomes in our registry, though not extensive, was captured using brief questions from
validated instruments °, well-suited for telephone-based interviews. Further proof of validity, in
this cohort, comes from the inverse relationship seen with worsening symptoms. Indeed, even
with this limited information, our report demonstrates overall improvement in patient-reported
indicators following PCI. In addition to being subjective with the potential recall bias, QOL is
also influenced by social environment, relationships, personal values and emotions, details not
collected in our registry. Furthermore, lack of baseline and serial measurements limits our ability

to document magnitude and durability of improvement, both within individuals as well as

between waves.

3.6 CONCLUSION

Angina-free status in one-year survivors of PCI is increasingly achieved with pharmacological
therapy with fewer repeat revascularizations. Patient-reported quality of life is influenced by
aggressiveness of therapy, following initial procedure and warrants consideration in post-

procedural management.
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Table 3.1: Temporal trends in supplemental therapy, following index PCI, in the NHLBI-

sponsored 1997-2004 Dynamic Registry

Dynamic Registry
Ptrend
Wave 1 Wave 2 Wave 3 Wave 4

Entire cohort (N,%) (N=1793)  (N=1417) (N=1379) (N=1657)
None (1090,17.5) 17.3 18.3 17.8 16.7 <0.001
PMT* (4126,66.1) 61.6 64.3 66.9 71.7
Repeat PCI (722,11.6) 14.2 11.2 11.3 9.2
CABG +/- Repeat PCI (308,4.9) 6.9 6.2 4 2.5
Patients with angina (N=436) (N=321) (N=246) (N=332)
None 10.8 11.5 14.2 14.5 0.02
PMT* 64.2 64.8 65 65.7
Repeat PCI 19.7 18.4 16.7 18.1
CABG +/- Repeat PCI 53 53 4.1 1.8
Patients with no angina (N=1357)  (N=1096) (N=1133) (N=1325)
None 19.4 20.3 18.5 17.2 0.001
PMT* 60.7 64.1 67.3 73.2
Repeat PCI 12.5 9.1 10.2 6.9
CABG +/- Repeat PCI 7.4 6.5 4 2.6
Difference between anginal
status (p value) 0.01 0.001 0.02 0.001

* PMT: Pharmacological maintenance therapy (21 of beta-blockers, calcium channel blockers and long-

acting nitrates)
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Table 3.2: One year use of evidence based-medications among those prescribed at

discharge in the NHLBI-sponsored 1997-2004 Dynamic Registry

% use at follow-up

Wave 1 Wave 2 Wave 3 Wave 4 Pirend

Aspirin 86.8 87.6 86.6 90.9 0.001
Lipid lowering medications 80.1 83.5 84.7 86.8 <0.001
Antiplatelets** 2.0 4.5 17.1 60.6 <0.001
ACE-Inhibitors 65.4 67.5 69.9 70.8 0.03
Beta blockers 78.8 81.1 81.8 84.6 <0.001
Long-acting nitrates 54.9 43.5 44 .4 48.8 0.02
Calcium channel blockers 61.4 64.5 60.7 59.6 0.58

** Information on follow-up use of clopidogrel not routinely collected in waves 2 and 3
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Table 3.3: One-year quality of life indicators by aggressiveness of therapy in the NHLBI-

sponsored 1997-2004 Dynamic Registry

None PMT Repeat PCI CABG +/- PCI
(N=1031) (N=3983) (N=677) (N=296) s

QOL ratings (mean)

Unadjusted 7.2 7 6.6 6.9 0.05

Adjusted* 6.6 6.5 6.0 6.3 0.03
Health status (%) <0.001

Poor / Fair 25 28 35 29

Good/Very Good/Excellent 75 72 65 71
Physical Activity <0.001

Sedentary 11 9 11 10

Mild 34 41 44 39

Moderate 45 43 40 43

Strenuous 11 7 6 9

*Adjusted for age, gender, race, and concomitant comorbidities (history of diabetes,

hypercholesterolemia, hypertension, congestive heart failure, severe non-cardiovascular

diseases)

75



Table 3.4: Temporal trends in quality of life and health status by aggressiveness of therapy

in the NHLBI-sponsored 1997-2004 Dynamic Registry

Wavel Wave2 Wave3 Waved Pienar

Overall
QOL ratings
Unadjusted 6.8 7 7.1 7.1 <0.001
Adjusted T 6.2 6.5 6.6 6.6 <0.001
% Poor / Fair health status 27 31 27 29 0.35

Aggressiveness of additional therapy

None +/- Sublingual NTG

QOL ratings

Unadjusted 7.1 7.5 7.2 7 0.33

Adjusted’ 6.4 6.9 6.7 6.4 0.65

% Poor / Fair health status, Overall 20 23 24 34 <0.001
Patients with angina 36 46 46 54 0.09
Patients with no angina 17 19 20 30 0.001

PMT*

QOL ratings

Unadjusted 6.8 7.0 7.2 7.2 <0.001

Adjusted” 6.2 6.4 6.6 6.6 <0.001

% Poor / Fair health status, Overall 27 32 27 27 0.56
Patients with angina 48 56 49 49 0.96
Patients with no angina 20 24 22 22 0.46
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Table 3.4 continued

Repeat PCI

QOL ratings

Unadjusted 6.3 6.4 6.7 6.9 0.01

Adjusted’ 5.8 5.9 6.2 6.4 0.01

% Poor / Fair health status, Overall 33 38 33 38 0.38
Patients with angina 55 61 44 52 0.43
Patients with no angina 21 25 30 29 0.08

CABG +/- Repeat PCI

QOL ratings

Unadjusted 6.9 6.8 6.7 7.2 0.47

Adjusted’ 6.4 6.3 6.3 6.7 0.45

% Poor / Fair health status, Overall 31 28 29 24 0.42
Patients with angina 57 41 50 33 0.35
Patients with no angina 26 25 24 23 0.73

* Test for trend: QOL scores — Linear contrast in general linear models, Health status —
Cochran-Armitage test; TAdjusted for age, gender, race, and concomitant comorbidities
(history of diabetes, hypercholesterolemia, hypertension, congestive heart failure, severe
non-cardiovascular diseases) § PMT: Pharmacological maintenance therapy (21 of beta-

blockers, calcium channel blockers and long-acting nitrates)
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Table 3.5: Profile of symptomatic patients with no additional therapy over one year in the

NHLBI-sponsored 1997-2004 Dynamic Registry

Dynamic Registry waves

1 2 3 4
(N=47) (N=37) (N=35) (N=48) Ptrena
Age > 65 years 34 37.8 54.3 45.8 0.13
Female 29.8 21.6 40 25 0.98
White 89.4 94.6 80 85.4 0.28
Mean ejection fraction 55.2 49.5 52.7 52.4 0.67
Prior CABG 10.6 16.2 20 18.8 0.25
Prior PCI 27.7 243 42.9 41.7 0.06
Prior MI 36.2 27.8 14.7 25.5 0.15
Severe concomitant non-cardiac disease  31.9 18.9 543 47.9 0.02
Cerebrovascular 6.4 2.7 8.6 8.3
Peripheral artery disease 4.3 0 2.9 16.7
Pulmonary Disease 12.8 2.7 11.4 20.8
Cancer 4.3 2.7 17.1 42
Renal Failure/Insufficiency 0 2.7 0 8.3
Other 6.4 8.1 25.7 12.5
History of Diabetes 21.7 27 28.6 25 0.70
History of Congestive heart failure 8.7 54 20 10.9 0.38
History of Hypertension 60 59.5 68.6 75 0.09
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Table 3.5 continued
Primary Reason for index PCI
Asymptomatic / Other
Stable Angina
Unstable Angina
Acute MI
Baseline disease status
Single vessel
Double vessel
Triple vessel
Circumstances of Procedure
Elective
Urgent
Emergent
>2 Lesions attempted
Number of Vessels Attempted
1 native vessel only
2 -3 native vessels only
Graft +/- native vessels (s)
Complex lesions attempted
Device Use
Balloon only or with drug

Balloon & stent/stent only

4.3

27.7

46.8

21.3

63.8

23.4

10.6

63.8

25.5

10.6

25.5

93.6

4.3

2.1

66

12.8

61.7

79

54

243

40.5

29.7

62.2

13.5

243

40.5

48.6

10.8

29.7

91.9

8.1

70.3

13.5

64.9

11.4

11.4

62.9

14.3

343

37.1

28.6

40

51.4

8.6

17.1

82.9

5.7

11.4

543

5.7

77.1

6.3

39.6

29.2

25

41.7

35.4

22.9

52.1

333

14.6

20.8

81.3

10.4

8.3

43.8

4.2

75

0.56

0.01

0.27

0.38

0.04

0.01

0.57



Table 3.5 continued

Balloon & stent & RA

RA only/balloon & RA

Other device
In-hospital outcomes
Procedural complications
Angiographic Success (partial or total)
Procedural Success
Anti-anginal medications at discharge
Beta blockers
Long acting nitrates
Calcium channel blockers
Medications at follow-up
Aspirin
ACE inhibitors

Angiotensin receptor blockers

Vasodilators / other anti-hypertensive

medications
Diuretics
Digitalis

Lipid lowering medications

10.6

12.8

2.1

19.1

97.9

97.9

44.7

31.9

27.7

76.6

34

8.5

14.9

6.4

38.3

10.8

54

2.7

10.8

94.6

91.9

59.5

13.5

10.8

64.9

35.1

2.7

8.1

21.6

8.1

59.5

2.9

14.3

2.9

100

100

514

14.3

14.3

77.1

40

14.3

2.9

11.4

82.9

2.1

16.7

4.2

97.9

97.9

54.2

12.5

8.3

85.4

542

16.7

10.4

16.7

2.1

89.6

0.01

0.34

0.56

0.49

0.02

0.02

0.18

0.40

0.001

0.91

0.92

0.14

0.002

80



GENERAL DISCUSSION

SUMMARY OF FINDINGS

This dissertation, designed as three research papers, was primarily aimed at capturing the
evolution of PCI and the associated impact on clinical and patient-reported outcomes, in
prospective multicenter registries of real world clinical practice.

In Paper 1 , temporal trends in patient, lesion, and procedural characteristics were
evaluated and in-hospital and one year outcomes were compared between the NHLBI-sponsored
1985-86 PTCA registry (era of balloon angioplasty) and 1997-2004 Dynamic registry (era of
stents, brachytherapy and drug-eluting stents) cohorts. Results of this analysis revealed the
heterogeneity in patients (and lesions) undergoing PCI, since its initial use °, as well as the
selective revascularization strategy in setting of greater baseline disease burden. Between 1985-
86 and 2004, a wide variety of devices — balloons, bare metal stents, brachytherapy and more
recently, drug-eluting stents — have been used. Use of dual antiplatelet therapy (aspirin and
ticlopidine /clopidogrel) and other medications with evidence-based rationale have increased
over time. Clinical performance, as characterized by procedural success and complications,
dramatically improved with improved effectiveness (reduced need for repeat procedures) at one

year. Even so, very little impact was observed in post-procedural mortality.
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In Paper 2, prevalence of one-year angina was evaluated across the four waves of the
Dynamic registry, representing the advent (wave 1) and uniform use (wave 2) of bare metal
stents, intra-coronary radiation (wave 3) and advent of drug-eluting stents (wave 4); significant
predictors in contemporary practice were identified. This analysis, from a large prospective,
multicenter registry, documented favorable temporal trends with reduced prevalence and risk of
post-PCI angina in a decade of real world clinical practice. Use of evidence-based secondary
pharmacological therapy also improved over time. Differential impact of PCI era on post-
procedural angina was observed in patients with these specific characteristics — diabetes, prior
MI and prior revascularization. In contemporary practice, even with the improved secondary
management, women and patients with prior or repeat PCI remain at high-risk for post-
procedural symptoms.

In Paper 3, temporal trends in supplemental therapy following index procedure,
specifically to achieve symptom-free status, were explored and the associated impact on quality
of life indicators evaluated. In keeping with the evolution seen in the field, there was an observed
shift towards greater use of maintenance therapy (more beta blocker use with fewer reports of
nitrate and calcium channel blocker use) with concomitant reduction in rates of CABG and
repeat PCI, in angina-free patients. Although patient-reported quality of life, significantly
different by symptom status, improved over time, it was seen to vary by need and aggressiveness

of supplemental therapy.
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PERCUTANEOUS CORONARY INTERVENTION - THEN AND NOW

The above findings, from multicenter registries spanning two decades, together with those from

77212278 " speak to the dynamic nature of PCI. This transformation is indeed

previous reports
dramatic for a field initially considered in either single discrete lesions that did not warrant

invasive surgeries or in sick patients in whom surgery was contraindicated or had to be deferred.

Clinical outcomes

For a long period of time, percutaneous treatment with balloon angioplasty and then bare-metal
stents was plagued with abrupt vessel closures and restenosis, necessitating repeat procedures.
This then became the driving force for the majority of innovations and improvisations in the
field. It is, therefore, encouraging to see the dramatic reduction in procedural complications and
rates of late repeat procedures, be it PCI or CABG, following the index procedure. On the other
hand, the observed increase in early repeat PCI rates, which were small to begin with, are
probably representative of a shift in preference for this technique, as opposed to early triage to
CABG seen in initial cohorts.

In the last thirty years, the field has indeed come a long way with high procedural success
and improved effectiveness (reduced repeat procedures). However, although rates of myocardial
infarction (in-hospital and one year) have reduced over time, lack of demonstrable overall
mortality benefit is intriguing. Detailed exploration of trends in outcomes by specific
characteristics was beyond the scope of this dissertation. Nevertheless, previous publications
from these registries have identified some subsets that may be responsible for this trend.

Comparison of one year outcomes between patients undergoing PCI for stable versus unstable
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angina showed little change in mortality rates in the latter cohort over the past 16 years "’. In
another report of 2,839 patients with complex lesions (defined as a lesion showing evidence of
thrombus, calcification, bifurcation or ostial location, or chronic occlusion), both in-hospital and

one year mortality rates were higher, compared to attempts on simple lesions *.

Patient-reported outcomes

The focus of Papers 2 and 3 was temporal trends and impact of the aggressiveness of medical
therapy on patient-reported outcomes among one-year survivors of PCI. Post-procedural
symptoms and quality of life (QOL) indicators, evaluated during follow-up, were secondary
outcomes of interest in the NHLBI-sponsored registries that relied on voluntary participation of
clinical sites. As a result, brief questions, reliable and well suited for telephone based interviews,
as opposed to extensive multidimensional questionnaires, were used for data collection. To the
best of our knowledge, this is the first report to document favorable temporal trends in these
outcomes and also, delineate the varying impact of aggressiveness of supplemental therapy in
real world practice.

Analysis of patient-perceived outcomes is fitting given that, outside of acute settings,
relief of symptoms to improve QOL is the underlying goal of revascularization. To this end, it is
encouraging to see that the overall prevalence and risk of one-year angina has decreased over
time, paralleling technological evolution and improved use of secondary pharmacotherapy in the
field. Interestingly, specific characteristics were seen have a differential impact on 1-year angina.
Presence of diabetes was associated with marked reduction in post-PCI angina over time, thus
mirroring favorable trends in other in-hospital and one year outcomes in this subset >'. Patients

with prior PCI, on the other hand, were seen to have an increased risk, warranting closer
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attention. Follow-up angina, of any prevalence, is concerning, more so, when observed in an era
of improved procedural performance and aggressive secondary management. Given that the
reported predictors were identified in symptomatic patients (reason for index PCI is stable or
unstable angina or acute MI), these characteristics could well be representative of high ischemic
burden. On the other hand, although recruitment in Wave 4 coincided with the early phase of
first-generation DES use, off-label use cannot be ruled out. The overall increased (statistically
non-significant) risk seen with DES use could, therefore, be associated fallout. The ongoing
debate regarding inappropriate use of PCI in chronic stable angina, that could be medically
managed, highlights another possible issue *.

Comparability of benefits between revascularization techniques has often been attributed
to additional procedures and reliance on anti-anginal medications in the PCI arm. This analysis,
consistent with other studies, has demonstrated a reduction in need for repeat interventions
following PCI. Furthermore, temporal trends in one-year asymptomatic status have been
favorable with concomitant reduction in prescription and use of long-acting nitrates. With this as
the background, Paper 3 was aimed at revisiting the need and aggressiveness of additional
therapy following index PCI. Indeed, not only is asymptomatic status achieved more often today,
but it is also achieved with more pharmacological therapy while fewer repeat interventions.
Ideally, post-procedural management takes into consideration symptoms and functional
limitations, in addition to objective evidence of ischemia. However, patient-centered outcomes
have for long been considered too soft an endpoint to be incorporated in clinical practice.
Patient’s perspective of disease burden also differs considerably from that of the clinician *"- *.

With the recent goals set forth by the Institute of Medicine ®®, this is expected to change. The
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present finding that patient-reported QOL scores are influenced by the type of additional

intervention further underscores the importance of incorporating these measures.

ROLE OF REGISTRIES IN CONTEMPORARY PRACTICE

Healthcare practice and clinical guidelines have relied on randomized clinical trials (RCT) for
evidence regarding treatment strategies. However, registries, in spite of some inherent biases,
have held a prominent place in evaluation of real world clinical practice *** 278442,

Registries have been credited with highlighting widespread use of angioplasty ** and
subsequently prompting trials that compared it to other treatment options ** . More recently,
DES-related thrombosis ** was first identified using registry data, with no prior evidence in early

. 12,13
trials .

Furthermore, characteristics identified as predictors (premature antiplatelet
discontinuation, comorbidities like renal failure, diabetes, and low ejection fraction) are not often
encountered in the controlled conditions of RCTs. This is because trials are designed to answer
specific questions and the participants are carefully chosen, with inclusion / exclusion criteria, to
ensure homogeneity between the different arms to optimize responsiveness. Registries, in
contrast, are population-based with an aim to mirror ‘real world’ practice. Therefore, while RCTs
are designed for proving efficacy of treatments, registries help with the timely evaluation of
safety and effectiveness. With emerging concerns of mortality and stent thrombosis risk with

DES use, and the Food and Drug Administration mandating extended postmarket surveillance,

the role of registries in clinical research, though often underappreciated, is gaining prominence.
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PUBLIC HEALTH SIGNIFICANCE

The burden of CAD is quite immense with an estimated 950,000 deaths each year and an
approximate $368.4 billion in associated heath care costs '. PCI, as a treatment modality, has
gained rapid acceptance resulting in a 300% increase in the number of procedures in the past two
decades. Specifically, stent implantation has doubled ® and 90% of these stents in the U.S are
DES ¥. Any treatment modality, when applied in this magnitude, warrants frequent and timely
monitoring of effectiveness and safety, a case in point being the latest controversy with DES use.

In the last few decades, there has also been much improvement in our understanding of
atherosclerotic process. As a result, the observed decline in cardiovascular death rates since 1968
% has been attributed to a number of factors including effective primary preventive measures and
better treatment options. Developments in revascularization techniques, especially PCI, have
influenced its feasibility in cases that would otherwise have been medically/surgically treated.
However, the U.S. population is rapidly ageing, resulting in a cohort of survivors at high risk for
cardiac comorbidities and subsequent complications, necessitating revascularizations.
Paradoxically, the co-existing comorbidities will adversely affect the outcomes.

This dissertation provides the much-needed time-sensitive documentation of changing
clinical practice and associated impact on patients, in the real world. The NHLBI-sponsored
1985-86 PTCA and 1997-2004 Dynamic registries were specifically initiated for this purpose
and taken together, are one of the few available sources of systematic and comprehensive data to
this end. The findings are especially fitting at this juncture wherein the field of PCI appears to be
at crossroads - restenosis, the long-time Achilles heel, may have been overcome, but there are

emerging concerns of late stent thrombosis and long-term safety.
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FUTURE RESEARCH

We now have a snapshot of PCI in the last two decades of clinical practice and its impact on one-
year outcomes from two perspectives — the provider (physician) and the receiver (the patient).
However, with plateauing of success rates and single-digit restenosis rates becoming a reality '%,
it just may be the time to pay closer attention to long-term safety, revisit appropriateness of use
and evaluate cost-effectiveness of the procedure.

PCI is probably one of the few fields in clinical medicine, which utilizes new technology
with rapid fervor. However, in spite of the overall favorable trends, extensive research is still
needed to understand the optimal choice of revascularization procedures in complex anatomy
(chronic total occlusions, small caliber vessels, diffuse disease, and bifurcations). A recent report
comparing occluded an non-occluded lesions, in the Dynamic registry, showed a decrease in
attempts of occluded lesions, with little change in associated success rates **. Bifurcation
stenting, even with DES, has met with high restenosis rates °' and is an independent predictor of
adverse events in distal left main stenosis.

Approval of stents and other devices follows rigorous evaluation in randomized trials
carried out in select, homogenous patient and lesion populations. However, patient profiles in the
real world are quite heterogeneous and ~50% of DES implantation occurs in off-label and

6 The associated concerns of late stent thrombosis > ' and the

untested circumstances
potential high risk of long-term mortality and Q-wave MI "> have sparked widespread debate.
The role of dual antiplatelet therapy and the uncertainty regarding appropriate duration have also
come to the forefront. More recently, one year results from the Clinical Outcomes Ultilizing

Revascularization and Aggressive DruG Evaluation (COURAGE) trial were made available *°.

This trial, designed to compare PCI + optimal medical therapy with medical therapy alone as
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initial management strategy, included 2287 patients with stable CAD followed over 2.5 to 7
years. No significant difference was seen in the primary composite endpoint of death and
nonfatal MI with initial strategy of PCI when compared to medical therapy alone. Additionally,
although relief of angina was achieved to a greater degree with PCI, substantial improvement
was also seen in the medical arm. These results highlight the notable progress in the field of
pharmacological therapy, but more importantly, rekindle questions regarding appropriate use of
PCL

Medical decision-making is a complex, multifactorial process with interplay of physician
discretion, patient preference and treatment affordability. Durability of treatment benefits relies
in effective and continued post-procedural management, including implementation of
recommended guidelines for risk factor modification. Patients undergoing PCI are documented
cases of CAD and therefore, it is only intuitive that these measures would be effectively stepped
up in this cohort. After all, PCI can only treat angiographically visible disease and not the
underlying atherosclerotic process that can progress to future lesions. Affordability of health
care, a major factor determining continued care, has recently been shown to significantly impact
post-procedural health status following revascularization ”'. Even in a field such as PCI, that is
expanding its patient (and lesion) base, there exist racial differences in choice of devices
(APPENDIX C). With rising healthcare costs and financial barriers impacting healthcare
outcomes °*, prescription /recommendation of primary and adjunct therapy do not ensure
effective and continued management. Now, more than ever, there is pressing need to ensure

appropriate use of available resources by evaluating cost-effectiveness of treatment.
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APPENDIX A: TRENDS IN CARDIOVASCULAR OPERATIONS AND PROCEDURES IN

THE UNITED STATES (1979-2003)
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Figure A.1: Trends in cardiovascular operations and procedures in the United States

(1979-2003)
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APPENDIX B: PARTICIPATING CLINICAL CENTERS IN THE NHLBI-SPONSORED

1985-86 PTCA AND DYNAMIC REGISTRIES

Table A.1: Clinical centers participating in the NH-BI sponsored 1985-86 PTCA and

1997-2004 Dynamic Registries
Boston Medical Center
Cardiovascular Med. Associates, Houston
Emory University

IKEM

Lankenau Hospital

Mayo Clinic

Medical College of Virginia
Montefiore Medical Center
Montreal Heart Institute

New York University — Bellevue
New York University - Tisch

Piedmont Hospital

Presbyterian Medical Center
Providence/St. Vincent - Portland
Rhode Island Hospital

Seton Medical Center

St. Lukes Medical Center

St. Lukes/Roosevelt Hospital - NY
University of Southern California
University of Chicago

University of Maryland Hospital
University of Pennsylvania

UPMC Presbyterian University Hospital
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APPENDIX C: USE OF STENTS AMONG HOSPITALIZED PATIENTS UNDERGOING

CORONARY ANGIOPLASTY, BY RACE, IN THE UNITED STATES (2003)

B Drug-eluting stents O Non-drug-eluting stents EHMNo stent

White patients Black patients

Source: Morbidity and mortality weekly report *°

Figure A.2: Use of stents among hospitalized patients undergoing Coronary

angioplasty, by Race in the United States (2003)

92



10.

1.

12.

BIBLIOGRAPHY

. Thom TT, Haase NN, Rosamond WW, Howard VJ, V, Rumsfeld JJ, Manolio TT et al.

American Heart Association Heart Disease and Stroke Statistics - 2006 Update.
Circulation 2006;113:e85-151.

Gibbons RJ, Chatterjee K, Daley J, Douglas J, Fihn S, Gardin J et al. ACC/AHA/ACP-
ASIM guidelines for the management of patients with chronic stable angina. J] Am Coll
Cardiol 1999;33:2092-197.

Merz MD, Rozanski MD, Forrester MD. The Secondary Prevention of Coronary Artery
Disease. The American Journal of Medicine 1997;102:572-81.

Detre KM, Takaro T, Hultgren H, Peduzzi P. Long-term mortality and morbidity results
of the Veterans Administration randomized trial of coronary artery bypass surgery.
Circulation 1985;72:V84-V89.

Alderman EL, Bourassa MG, Cohen LS, Davis KB, Kaiser GG, Killip T et al. Ten-year
follow-up of survival and myocardial infarction in the randomized Coronary Artery
Surgery Study. Circulation 1990;82:1629-46.

Varnauskas E. Twelve-year follow-up of survival in the randomized European Coronary
Surgery Study. N Engl J Med 1988;319:332-37.

Peduzzi P, Kamina A, Detre K. Twenty-two-year follow-up in the VA Cooperative Study
of Coronary Artery Bypass Surgery for Stable Angina. Am J Cardiol 1998;81:1393-99.

Gruntzig A. Transluminal dilatation of coronary-artery stenosis. Lancet 1978;1:263.

Mintz GS, Popma JJ, Pichard AD, Kent KM, Satler LF, Wong C et al. Arterial
remodeling after coronary angioplasty: a serial intravascular ultrasound study. Circulation
1996;94:35-43.

Lincoff AM, Popma JJ, Ellis SG, Hacker JA, Topol EJ. Abrupt vessel closure
complicating coronary angioplasty: clinical, angiographic and therapeutic profile. ] Am
Coll.Cardiol 1992;19:926-35.

Sousa JE, Serruys PW, Costa MA. New Frontiers in Cardiology: Drug-Eluting Stents:
Part II. Circulation 2003;107:2383-89.

Morice MC, Serruys PW, Sousa JE, Fajadet J, Ban HE, Perin M et al. A randomized
comparison of a sirolimus-eluting stent with a standard stent for coronary
revascularization. N Engl J Med 2002;346:1773-80.

93



13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Grube E, Silber S, Hauptmann KE, Mueller R, Buellesfeld L, Gerckens U et al. TAXUS
I: Six- and Twelve-Month Results From a Randomized, Double-Blind Trial on a Slow-
Release Paclitaxel-Eluting Stent for De Novo Coronary Lesions. Circulation
2003;107:38-42.

Westphal, SP and Winslow, R. Boston Scientific acknowledges risks tied to stent. Wall
Street Journal. 9-7-2006 [Newspaper].

Nordmann, AJ Presenter. Drug-Eluting Stent Mortality Meta-Analysis. European Society
of Cardiology Scientific Congress. 2006. 2006 [Conference Proceeding].

Beohar N, Davidson CJ, Kip KE, Goodreau L, Vlachos HA, Meyers SN et al. Outcomes
and complications associated with off-label and untested use of drug-eluting stents.
JAMA 2007;297:1992-2000.

Holmes DR, Jr., Holubkov R, Vlietstra RE, Kelsey SF, Reeder GS, Dorros G et al.
Comparison of complications during percutaneous transluminal coronary angioplasty
from 1977 to 1981 and from 1985 to 1986: the National Heart, Lung, and Blood Institute
Percutaneous Transluminal Coronary Angioplasty Registry. J Am Coll.Cardiol
1988;12:1149-55.

Detre K, Holubkov R, Kelsey S, Cowley M, Kent K, Williams D et al. Percutaneous
transluminal coronary angioplasty in 1985-1986 and 1977-1981. The National Heart,
Lung, and Blood Institute Registry. N Engl J Med 1988;318:265-70.

Scott NA, Kelsey SF, Detre K, Cowley M, King SB, III. Percutaneous transluminal
coronary angioplasty in African-American patients (the National Heart, Lung, and Blood
Institute 1985-1986 Percutaneous Transluminal Coronary Angioplasty Registry). Am J
Cardiol 1994;73:1141-46.

Kelsey SF, James M, Holubkov AL, Holubkov R, Cowley MJ, Detre KM. Results of
percutaneous transluminal coronary angioplasty in women. 1985-1986 National Heart,
Lung, and Blood Institute's Coronary Angioplasty Registry. Circulation 1993;87:720-27.

Greenberg MA, Mueller HS. Why the excess mortality in women after PTCA?
Circulation 1993;87:1030-32.

Maier W, Windecker S, Boersma E, Meier B. Evolution of percutaneous transluminal
coronary angioplasty in Europe from 1992-1996. Eur Heart J 2001;22:1733-40.

McCaul KA, Hobbs MST, Knuiman MW, Rankin JM, Gilfillan I. Trends in two year risk
of repeat revascularisation or death from cardiovascular disease after coronary artery

bypass grafting or percutaneous coronary intervention in Western Australia, 1980-2001.
Heart 2004;90:1042-46.

Williams DO, Holubkov R, Yeh W, Bourassa MG, Al Bassam M, Block PC et al.
Percutaneous coronary intervention in the current era compared with 1985-1986: the
National Heart, Lung, and Blood Institute Registries. Circulation 2000;102:2945-51.

94



25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Holubkov R, Detre KM, Sopko G, Sutton-Tyrrell K, Kelsey SF, Frye RL. Trends in
coronary revascularization 1989 to 1997: the Bypass Angioplasty Revascularization
Investigation (BARI) survey of procedures. Am J Cardiol 1999;84:157-61.

Detre K, Holubkov R, Kelsey S, Bourassa M, Williams D, Holmes D, Jr. et al. One-year
follow-up results of the 1985-1986 National Heart, Lung, and Blood Institute's
Percutaneous Transluminal Coronary Angioplasty Registry. Circulation 1989;80:421-28.

Laskey WK, Williams DO, Vlachos HA, Cohen H, Holmes DR, King SB, III et al.
Changes in the practice of percutaneous coronary intervention: a comparison of
enrollment waves in the National Heart, Lung, and Blood Institute (NHLBI) Dynamic
Registry. Am J Cardiol 2001;87:964-69.

Margolin BH. Test for Trend in Proportions, In: Kotz S, Johnson NL, editors.
Encyclopedia of Statistical Sciences. New York: John Wiley & Sons, Inc.; 1988. p. 334-
36.

Pirie W. Jonckheere Tests for Ordered Alternatives, In: Kotz S, Johnson NL, editors.
Encyclopedia of Statistical Sciences, vol. 4. New York: John Wiley & Sons, Inc.; 1983.
p. 315-18.

Wilensky RL, Selzer F, Johnston J, Laskey WK, Klugherz BD, Block P et al. Relation of
percutaneous coronary intervention of complex lesions to clinical outcomes (from the
NHLBI Dynamic Registry). Am J Cardiol 2002;90:216-21.

Detre K, Yeh W, Kelsey S, Williams D, Desvigne-Nickens P, Holmes D, Jr. et al. Has
Improvement in PTCA Intervention Affected Long-term Prognosis? : The NHLBI PTCA
Registry Experience. Circulation 1995;91:2868-75.

Denvir MA, Lee AJ, Rysdale J, Starkey IR, Prescott RJ, Eteiba H et al. Effects of
changing clinical practice on costs and outcomes of percutaneous coronary intervention
between 1998 and 2002. Heart 2006;93:195-199.

Wallentin L, Lagerqvist B, Husted S, et al. Outcome at 1 year after an invasive compared
with a non-invasive strategy in unstable coronary artery disease: the FRISC II Invasive
randomized trial. FRISC II Investigators. Fast Revascularization during Instability in
Coronary artery disease. Lancet 2000;356:9-16.

The Global Use of Strategies to Open Occluded Coronary Arteries in Acute Coronary
Syndromes (GUSTO IIb) Angioplasty Substudy Investigators. A Clinical Trial
Comparing Primary Coronary Angioplasty with Tissue Plasminogen Activator for Acute
Myocardial Infarction. N Engl J Med 1997;336:1621-28.

Cannon CP, Weintraub WS, Demopoulos LA, Vicari R, Frey MJ, Lakkis N et al.
Comparison of Early Invasive and Conservative Strategies in Patients with Unstable

Coronary Syndromes Treated with the Glycoprotein IIb/IlIa Inhibitor Tirofiban. N Engl J
Med 2001;344:1879-87.

95



36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

Webb JG, Sanborn TA, Sleeper LA, Carere RG, Buller CE, Slater JN et al. Percutaneous
coronary intervention for cardiogenic shock in the SHOCK trial registry. Am Heart J
2001;141:964-70.

Holmes J, Bates ER, Kleiman NS, Sadowski Z, Horgan JHS, Morris DC et al.
Contemporary reperfusion therapy for cardiogenic shock: The GUSTO-I trial experience.
Journal of the American College of Cardiology 1995;26:668-74.

Holmes J, Califf RM, Van de Werf F, Berger PB, Bates ER, Simoons ML et al.
Difference in countries' use of resources and clinical outcome for patients with

cardiogenic shock after myocardial infarction: results from the GUSTO trial. The Lancet
1997;349:75-78.

Laskey WK, Selzer F, Jacobs AK, Cohen HA, Holmes J, Wilensky RL et al. Importance
of the Postdischarge Interval in Assessing Major Adverse Clinical Event Rates Following

Percutaneous Coronary Intervention. The American Journal of Cardiology 2005;95:1135-
39.

Glaser R, Selzer F, Faxon DP, Laskey WK, Cohen HA, Slater J et al. Clinical
Progression of Incidental, Asymptomatic Lesions Discovered During Culprit Vessel
Coronary Intervention. Circulation 2005;111:143-49.

Spertus JA, Kettelkamp R, Vance C, Decker C, Jones PG, Rumsfeld JS et al. Prevalence,
Predictors, and Outcomes of Premature Discontinuation of Thienopyridine Therapy After
Drug-Eluting Stent Placement: Results From the PREMIER Registry. Circulation
2006;113:2803-09.

Iakovou I, Schmidt T, Bonizzoni E, Ge L, Sangiorgi GM, Stankovic G et al. Incidence,
Predictors, and Outcome of Thrombosis After Successful Implantation of Drug-Eluting
Stents. JAMA 2005;293:2126-30.

Venkitachalam, Lakshmi, Kip, Kevin E., Selzer, Faith, Wilensky, Robert L., Slater,
James, Block, P. C., Williams, David O., and Kelsey, Sheryl F. Twenty years of
Percutaneous Coronary Intervention - the evolution and the impact. A report from the
NHLBI-sponsored, multicenter 1985-86 PTCA and 1997-2004 Dynamic Registries.
Circulation 114(18), I11-685. 2006 [Abstract].

Abbott JD, Kip KE, Vlachos HA, Sawhney N, Srinivas VS, Jacobs AK et al. Recent
Trends in the Percutaneous Treatment of Chronic Total Coronary Occlusions. The
American Journal of Cardiology 2006;97:1691-96.

Holubkov R, Laskey WK, Haviland A, Slater JC, Bourassa MG, Vlachos HA et al.
Angina 1 year after percutaneous coronary intervention: A report from the NHLBI
Dynamic Registry. American Heart Journal 2002;144:826-33.

McGrath PD, Wennberg DE, Dickens JD, Jr., Siewers AE, Lucas FL, Malenka DJ et al.
Relation between operator and hospital volume and outcomes following percutaneous
coronary interventions in the era of the coronary stent. JAMA 2000;284:3139-44.

96



47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

Smith J, Feldman TE, Hirshfeld J, Jacobs AK, Kern MJ, King III SB et al.
ACC/AHA/SCAI 2005 Guideline Update for Percutaneous Coronary Intervention--
Summary Article: A Report of the American College of Cardiology/American Heart
Association Task Force on Practice Guidelines (ACC/AHA/SCAI Writing Committee to
Update the 2001 Guidelines for Percutaneous Coronary Intervention). Journal of the
American College of Cardiology 2006;47:216-35.

Krumholz HM, Cohen DJ, Williams C, Baim DS, Brinker J, Cabin HS et al. Health after
coronary stenting or balloon angioplasty: results from the Stent Restenosis Study. Am
Heart J 1997;134:337-44.

Rinfret S, Grines CL, Cosgrove RS, Ho KKL, Cox DA, Brodie BR et al. Quality of life
after balloon angioplasty or stenting for acute myocardial infarction : One-year results
from the Stent-PAMI trial. Journal of the American College of Cardiology 2001;38:1614-
21.

Freemantle N, Cleland J, Young P, Mason J, Harrison J. beta Blockade after myocardial
infarction: systematic review and meta regression analysis. BMJ 1999;318:1730-37.

Freeman AM, Abbott JD, Jacobs AK, Vlachos HA, Selzer F, Laskey WK et al. Marked
Improvements in Outcomes of Contemporary Percutaneous Coronary Intervention in
Patients with Diabetes Mellitus. Journal of Interventional Cardiology 2006;19:475-82.

Ward MR. Cost-benefit of drug eluting stents--time for a reality check. Heart Lung Circ
2005;14:74-77.

Kong DF, Eisenstein EL. Decision models for assessing the cost effectiveness of drug-
eluting stents. Expert.Opin.Pharmacother. 2005;6:965-74.

Jacobs AK, Johnston JM, Haviland A, Brooks MM, Kelsey SF, Holmes DR, Jr. et al.
Improved outcomes for women undergoing contemporary percutaneous coronary

intervention: a report from the National Heart, Lung, and Blood Institute Dynamic
registry. J Am Coll.Cardiol 2002;39:1608-14.

Berger JS, Fridman V, Brown DL. Comparison of Outcomes in Acute Myocardial
Infarction Treated With Coronary Angioplasty Alone Versus Coronary Stent
Implantation. The American Journal of Cardiology 2006;97:977-80.

Malenka DJ, Wennberg DE, Quinton HA, O'Rourke DJ, McGrath PD, Shubrooks SJ et
al. Gender-related changes in the practice and outcomes of percutaneous coronary
interventions in Northern New England from 1994 to 1999. J Am Coll Cardiol
2002;40:2092-101.

Daly C, Clemens F, Lopez Sendon JL, Tavazzi L, Boersma E, Danchin N et al. Gender

Differences in the Management and Clinical Outcome of Stable Angina. Circulation
2006;113:490-98.

97



58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

Pedersen SS, Ong ATL, Lemos PA, Erdman RAM, Serruys PW, van Domburg RT. Risk
factors for impaired health status differ in women and men treated with percutaneous

coronary intervention in the drug-eluting stent era. Journal of Psychosomatic Research
2006;61:11-17.

Shuchman M. Trading Restenosis for Thrombosis? New Questions about Drug-Eluting
Stents. N Engl J Med 2006;355:1949-52.

Kastrati A, Mehilli J, Pache J, Kaiser C, Valgimigli M, Kelbaek H et al. Analysis of 14
Trials Comparing Sirolimus-Eluting Stents with Bare-Metal Stents. N Engl ] Med
2007;356:1030-39.

Denollet J, Pedersen SS, Ong ATL, Erdman RAM, Serruys PW, Van Domburg RT.
Social inhibition modulates the effect of negative emotions on cardiac prognosis

following percutaneous coronary intervention in the drug-eluting stent era. Eur Heart J
2006;27:171-717.

The Bypass Angioplasty Revascularization Investigation (BARI) Investigators.
Comparison of coronary bypass surgery with angioplasty in patients with multivessel
disease. N Engl J Med 1996;335:217-25.

Borkon AM, Muehlebach GF, House J, Marso SP, Spertus JA. A comparison of the
recovery of health status after percutaneous coronary intervention and coronary artery
bypass. The Annals of Thoracic Surgery 2002;74:1526-30.

Heart Protection Study Collaborative Group. MRC/BHF Heart Protection Study of
cholesterol lowering with simvastatin in 20,536 high-risk individuals: a randomised
placebo-controlled trial. Lancet 2002;360:7-22.

Yusuf S. Two decades of progress in preventing vascular disease. Lancet 2002;360:2-3.

Fox KM. Efficacy of perindopril in reduction of cardiovascular events among patients
with stable coronary artery disease: randomised, double-blind, placebo-controlled,
multicentre trial (the EUROPA study). Lancet 2003;362:782-88.

Spencer FA, Lessard D, Yarzebski J, Gore JM, Goldberg RJ. Decade-long changes in the
use of combination evidence-based medical therapy at discharge for patients surviving
acute myocardial infarction. American Heart Journal 2005;150:838-44.

Institute of Medicine. Crossing the Quality Chasm: a New Health System for the Twenty-
First Century. 2001. Washington, DC, National Academy Press [Report].

Krumholz HM, Peterson ED, Ayanian JZ, Chin MH, DeBusk RF, Goldman L et al.
Report of the National Heart, Lung, and Blood Institute Working Group on Outcomes
Research in Cardiovascular Disease. Circulation 2005;111:3158-66.

Spertus JA, Salisbury AG, Jones PG, Conway DG, Thompson RC. Predictors of Quality-
of-life Benefit after Percutaneous Coronary Intervention. Circulation 2004;110:3789-94.

98



71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

Spertus J, Decker C, Woodman C, House J, Jones P, O'Keefe J et al. Effect of Difficulty
Affording Health Care on Health Status After Coronary Revascularization. Circulation
2005;111:2572-78.

Krumholz HM, McHorney CA, Clark L, Levesque M, Baim DS, Goldman L. Changes in
health after elective percutaneous coronary revascularization. A comparison of generic
and specific measures. Med Care 1996;34:754-59.

Pocock SJ, Henderson RA, Seed P, Treasure T, Hampton JR. Quality of Life,
Employment Status, and Anginal Symptoms After Coronary Angioplasty or Bypass

Surgery: 3-Year Follow-up in the Randomized Intervention Treatment of Angina (RITA)
Trial. Circulation 1996;94:135-42.

Pocock SJ, Henderson RA, Clayton T, Lyman GH, Chamberlain DA. Quality of life after
coronary angioplasty or continued medical treatment for angina: three-year follow-up in
the RITA-2 trial. Journal of the American College of Cardiology 2000;35:907-14.

Benzer W, fer S, Oldridge NB. Health-Related Quality of Life in Patients with Coronary
Artery Disease after Different Treatments for Angina in Routine Clinical Practice. Herz
2003;28:421-28.

Rose, GA. The diagnosis of ischaemic heart pain and intermittent claudication in field
surveys. Bull. World Health Organ 1962;27:645-58.

McGrath PD, Wennberg DE, Malenka DJ, Kellett MA, Jr., Ryan TJ, Jr., O'Meara JR et
al. Operator volume and outcomes in 12,998 percutaneous coronary interventions.

Northern New England Cardiovascular Disease Study Group. J Am Coll.Cardiol
1998;31:570-76.

Denvir MA, Lee AJ, Rysdale J, Prescott RJ, Eteiba H, Starkey IR et al. Effects of
changing clinical practice on costs and outcomes of percutaneous coronary intervention
between 1998 and 2002. Heart 2007;93:195-99.

Naidu SS, Polin GM, Selzer F, Laskey WK, Jacobs AK, Williams DO et al. Outcome of
Percutaneous Coronary Intervention in Unstable Angina Pectoris Versus Stable Angina
Pectoris in Two Different Time Periods. The American Journal of Cardiology
2006;98:447-52.

Wood, Shelley. Yusuf, Serruys square off over DES in chronic stable angina.
theheart.org.[HeartWire > Interventional cardiology] . 9-5-2006 [Electronic Citation].

Calkins DR, Rubenstein LV, Cleary PD, Davies AR, Jette AM, Fink A et al. Failure of
physicians to recognize functional disability in ambulatory patients. Ann Intern Med
1991;114:451-54.

Gorkin L, Follick MJ, Geltman E, Hamm P, Sollano J, Sylvia S et al. Quality of life

among patients post-myocardial infarction at baseline in the Survival and Ventricular
Enlargement (SAVE) trial. Qual Life Res 1994;3:111-19.

99



&3.

84.

85.

86.

87.

88.

&9.

90.

91.

92.

93.

94.

95.

Fishman NW, Kennard ED, Steenkiste AR, Popma JJ, Baim DS, Detre KM. New
Approaches to Coronary Intervention (NACI) registry: history and methods. Am J
Cardiol 1997;80:10K-8K.

Anderson HV, Shaw RE, Brindis RG, Hewitt K, Krone RJ, Block PC et al. A
contemporary overview of percutaneous coronary interventions. The American College
of Cardiology-National Cardiovascular Data Registry (ACC-NCDR). J Am Coll.Cardiol
2002;39:1096-103.

Mock MB, Reeder GS, Schaff HV, Holmes DR, Jr., Vlietstra RE, Smith HC et al.
Percutaneous transluminal coronary angioplasty versus coronary artery bypass. Isn't it
time for a randomized trial? N Engl J Med 1985;312:916-19.

Parisi A, Folland E, Hartigan P. A comparison of angioplasty with medical therapy in the
treatment of single-vessel coronary artery disease: Veterans Affairs ACME investigators.
N Engl J Med 1992;326:10-16.

Editorial. BARI, CABRI, EAST, GABI and RITA: coronary angioplasty on trial. Lancet
1990;335:1315-16.

CDC/NCHS. Health Care in America: Trends in Utilization. 2003 [Report].

Williams DO, Abbott JD, Kip KE, for the DEScover Investigators. Outcomes of 6906
Patients Undergoing Percutaneous Coronary Intervention in the Era of Drug-Eluting
Stents: Report of the DEScover Registry. Circulation 2006;114:2154-62.

NHLBI. NHLBI Factbook, Fiscal Year 2004. 2004 [Report].

Colombo, A. Contemporary Treatment of Coronary Bifurcations With DES: Part I.
Journal of Interventional Cardiology 2005;18:351-54.

Bavry AA, Kumbhani DJ, Helton TJ, Bhatt DL. What is the risk of stent thrombosis
associated with the use of paclitaxel-eluting stents for percutaneous coronary

intervention?: A meta-analysis. Journal of the American College of Cardiology
2005;45:941-46.

Boden WE, O'Rourke RA, Teo KK, Hartigan PM, Maron DJ, Kostuk W1J et al. Optimal
medical therapy with or without PCI for stable coronary disease. N Engl J] Med
2007;356:1503-16.

Rahimi AR, Spertus JA, Reid KJ, Bernheim SM, Krumholz HM. Financial barriers to
health care and outcomes after acute myocardial infarction. JAMA 2007;297:1063-72.

MMWR Morbidity and mortality weekly report. Use of stents among hospitalized

patients undergoing coronary angioplasty, by race — US 2003. 54, 310. 4-1-2005
[Report].

100



	TITLE PAGE
	COMMITTEE PAGE
	ABSTRACT
	TABLE OF CONTENTS
	LIST OF TABLES
	LIST OF FIGURES
	OVERVIEW AND OBJECTIVE
	BACKGROUND
	CORONARY ARTERY DISEASE
	PUBLIC HEALTH BURDEN
	TREATMENT OF CORONARY ARTERY DISEASE
	Percutaneous Coronary Intervention

	NATIONAL HEART, LUNG AND BLOOD INSTITUTE (NHLBI)-SPONSORED 1985-86 PERCUTANEOUS TRANSLUMINAL CORONARY ANGIOPLASTY (PTCA) AND 1997-2004 DYNAMIC REGISTRIES

	1.0 TWENTY YEARS OF PERCUTANEOUS CORONARY INTERVENTION - THE EVOLUTION AND THE IMPACT. A REPORT FROM THE NHLBI-SPONSORED, MULTICENTER 1985-86 PTCA AND 1997-2004 DYNAMIC REGISTRIES
	1.1 ABSTRACT
	1.2 BACKGROUND
	1.3 METHODS
	1.3.1 NHLBI-sponsored 1985-86 PTCA and 1997-2004 Dynamic Registries – design and data collection
	1.3.2 Statistical Methods

	1.4 RESULTS
	1.4.1 Patient, lesion and procedural characteristics
	1.4.2 In-hospital outcomes and discharge medications
	1.4.3 One year events

	1.5 DISCUSSION
	1.5.1 The patient, lesion and procedure
	1.5.2 In-hospital outcomes
	1.5.3 Post-procedural mortality or MI
	1.5.4 Repeat revascularization
	1.5.5 Limitations

	1.6 CONCLUSION
	Table 1.3: Trends in duration of hospital stay and discharge medications, among those alive at discharge, in the NHLBI-sponsored PTCA (1985-86) and Dynamic (1997-2004) registries
	Table 1.4: Risk of Death and Death / MI at one year for the NHLBI-sponsored 1997-2004 Dynamic registry (reference: 1985-86 PTCA registry)
	Table 1.5: Risk of Early (≤30 days) and Late (31-365 days) repeat revascularization for the NHLBI-sponsored 1997-2004 Dynamic Registry (reference: 1985-86 PTCA registry)
	Figure 1.1: Trends in in-hospital outcomes in the NHLBI-sponsored PTCA (1985-86) and Dynamic (1997-2004) registries
	Figure 1.2: Cumulative (Kaplan Meier) event rates for Death and Death/MI in the NHLBI-sponsored PTCA (1985-86) and Dynamic (1997-2004) registries at one year
	Figure 1.3: Cumulative (Kaplan Meier) event rates for early (≤ 30 days) and late (31-365 days) CABG (A) and repeat PCI (B) in the NHLBI-sponsored PTCA (1985-86) and Dynamic (1997-2004) registries
	Table 1.1: Trends in patient demographics and procedural characteristics in the NHLBI-sponsored PTCA (1985-86) and Dynamic (1997-2004) registries
	Table 1.2: Characteristics of attempted lesions and angiographic outcome in the NHLBI-sponsored PTCA (1985-86) and Dynamic (1997-2004) registries


	2.0 TEMPORAL TRENDS IN POST-REVASCULARIZATION ANGINA AND ITS PREDICTORS IN CONTEMPORARY PRACTICE: A REPORT FROM THE NHLBI-SPONSORED 1997-2004 DYNAMIC REGISTRY
	2.1 ABSTRACT
	2.2 BACKGROUND
	2.3 METHODS
	2.3.1 The NHLBI-sponsored 1997-2004 Dynamic Registry
	2.3.2 Statistical Methods

	2.4 RESULTS
	2.4.1 Angina in the past 6 weeks at one – year of follow-up
	2.4.2 Temporal trends in post-PCI angina within baseline character
	2.4.3 Risk of post-procedural angina
	2.4.4 Factors associated with follow-up angina in contemporary pra

	2.5 DISCUSSION
	2.5.1 Predictors of Angina in contemporary practice

	2.6 CONCLUSION
	Table 2.1: Baseline patient, procedural and discharge characteristics of patients alive at 1 year following PCI in the NHLBI-sponsored 1997-2004 Dynamic Registry
	Table 2.2: Temporal trends in post-procedural angina and related characteristics at one year follow-up in the NHLBI-sponsored 1997-2004 Dynamic Registry
	Table 2.3: Prevalence of one-year post-procedural angina within baseline and in-hospital characteristics in the NHLBI-sponsored 1997-2004 Dynamic Registry
	Table 2.4: Predictors of one year post-PCI angina in contemporary practice
	Figure 2.1: Prevalence of one-year post-procedural angina by primary reason for index PCI in the NHLBI-sponsored 1997-2004 Dynamic Registry
	Figure 2.2: Relative risk of one year post-PCI angina in the overall cohort and in specific subsets in the NHLBI-sponsored 1997-2004 Dynamic Registry


	3.0 TEMPORAL TRENDS IN AGGRESSIVENESS OF SUPPLEMENTAL THERAPY FOLLOWING PERCUTANEOUS CORONARY INTERVENTION AND THE ASSOCIATED IMPACT ON QUALITY OF LIFE AT ONE YEAR FOLLOW-UP - A REPORT FROM THE NHLBI-SPONSORED DYNAMIC REGISTRY (1997-2004) 
	3.1 ABSTRACT
	3.2 BACKGROUND
	3.3 METHODS
	3.3.1 The NHLBI-sponsored 1997-2004 Dynamic Registry
	3.3.2 Statistical analyses

	3.4 RESULTS
	3.4.1 Quality of life following index PCI
	3.4.2 QOL and aggressiveness of supplemental therapy following ind

	3.5 DISCUSSION
	3.6 CONCLUSION
	Table 3.1: Temporal trends in supplemental therapy, following index PCI, in the NHLBI-sponsored 1997-2004 Dynamic Registry
	Table 3.2: One year use of evidence based-medications among those prescribed at discharge in the NHLBI-sponsored 1997-2004 Dynamic Registry
	Table 3.3: One-year quality of life indicators by aggressiveness of therapy in the NHLBI-sponsored 1997-2004 Dynamic Registry
	Table 3.4: Temporal trends in quality of life and health status by aggressiveness of therapy in the NHLBI-sponsored 1997-2004 Dynamic Registry
	Table 3.5: Profile of symptomatic patients with no additional therapy over one year in the NHLBI-sponsored 1997-2004 Dynamic Registry


	GENERAL DISCUSSION
	SUMMARY OF FINDINGS
	PERCUTANEOUS CORONARY INTERVENTION – THEN AND NOW
	Clinical outcomes
	Patient-reported outcomes

	ROLE OF REGISTRIES IN CONTEMPORARY PRACTICE
	PUBLIC HEALTH SIGNIFICANCE
	FUTURE RESEARCH

	APPENDIX A: TRENDS IN CARDIOVASCULAR OPERATIONS AND PROCEDURES IN THE 
	APPENDIX B: PARTICIPATING CLINICAL CENTERS IN THE NHLBI-SPONSORED 1985
	APPENDIX C: USE OF STENTS AMONG HOSPITALIZED PATIENTS UNDERGOING CORONARY ANGIOPLASTY BY RACE IN THE US
	BIBLIOGRAPHY

