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ABSTRACT

Background The introduction and refinement of
coronary-artery stenting dramatically changed the
practice of percutaneous coronary revascularization
in the mid-1990s. We analyzed one-year follow-up
data for all percutaneous coronary interventions per-
formed in a large, unselected population in Canada
to determine whether the use of coronary stenting
has been associated with improved outcomes.

Methods Prospectively collected data on all percu-
taneous coronary interventions performed on resi-
dents of British Columbia, Canada, between April
1994 and June 1997 were linked to province-wide
health care data bases to provide the date of the fol-
lowing end points: subsequent target-vessel revas-
cularization, myocardial infarction, and death. Base-
line characteristics and procedural variables were
identified and Kaplan—-Meier survival curves were
generated for 9594 procedures divided into seven
groups, one for each sequential half-year period.

Results The overall burden of coexisting illnesses
remained stable throughout the study period. A large
increase in the rate of coronary stenting (from 14.2
percent in the period from April to June 1994 to 58.7
percent in the period from January to June 1997)
was associated with a significant reduction in the rate
of adverse cardiac events at one year (from 28.8 per-
cent to 22.8 percent; adjusted relative risk, 0.79; 95
percent confidence interval, 0.69 to 0.90; P<0.001).
This reduction in adverse events was exclusively due
to a large reduction in subsequent target-vessel revas-
cularization (from 24.4 percent to 17.0 percent; adjust-
ed relative risk, 0.72; 95 percent confidence interval,
0.62 to 0.83; P<0.001) without significant changes in
the overall rates of myocardial infarction (5.4 percent,
P=0.28) or death (3.9 percent, P=0.65).

Conclusions The need for target-vessel revascu-
larization during one year of follow-up after percuta-
neous coronary intervention decreased during the
mid-1990s. The reduction was coincident with the in-
troduction and subsequent widespread use of coro-
nary stenting. (N Engl J Med 1999;341:1957-65.)
©1999, Massachusetts Medical Society.

HE technique of percutanecous revascular-
ization for obstructive coronary disease has
been evolving since it was pioneered by
Griintzig et al. in 1977.! The introduction?
and refinement3* of techniques for the implantation
of coronary stents coupled with ongoing develop-
ments in stent, balloon, and catheter technology re-

sulted in dramatic changes in practice during the mid-
1990s. The efficacy of stenting is supported by eight
published randomized studies,51% which directly com-
pared elective stent implantation with balloon angio-
plasty in highly selected patients with predominantly
simple coronary stenoses. Since only a minority of pa-
tients who are currently referred for percutaneous
coronary intervention would have met the strict clin-
ical and anatomical entry criteria of these studies, the
generalizability of these results to the overall popu-
lation of patients who are treated with percutaneous
coronary intervention is uncertain. If current tech-
niques are indeed broadly effective, then their imple-
mentation should be associated with improved out-
comes among unselected patients.

To evaluate the one-year outcomes of percutane-
ous coronary intervention in unselected patients, we
studied all percutaneous revascularization procedures
performed during seven sequential half-year periods
in residents of the province of British Columbia in
Canada.

METHODS
Data Linkage

All residents of British Columbia undergoing percutaneous cor-
onary interventions between April 1, 1994, and June 30, 1997,
were cligible. No patients or procedures were excluded. The study
was approved by the ethics committee of the University of British
Columbia.

All data were collected from provincial health data bases. The
age and sex of the patients and characteristics of the procedures
were obtained for all 9686 eligible index procedures from the Brit-
ish Columbia Cardiac Registries, which have prospectively collect-
ed data on all cardiac surgical procedures performed in the prov-
ince since 1991 and on all percutancous coronary interventions
performed since April 1994. The information from structured
data sheets completed in the catheterization laboratory after each
procedure is entered into a central data base maintained by a ded-
icated management team. The coronary segments that were treat-
ed are recorded according to the modified coronary-segment cod-
ing system of the Coronary Artery Surgery Study.!4

Patients were linked to the British Columbia Patient Hospital-
ization Data Base with the use of a unique identifier. This data
base records hospital-discharge data for all acute care hospital ad-
missions in the province. Records for all 58,621 admissions of in-
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dex patients to hospitals in British Columbia between February
1992 and June 1998 were obtained. Each record contains up to
16 diagnoses coded according to the International Classification
of Diseases, 9th Revision, Clinical Modification (ICD-9-CM),'s to-
gether with a code indicating whether the diagnosis was the pri-
mary reason for admission, a coexisting condition present before
admission, a condition that arose during the admission, or a sec-
ondary diagnosis.

For the purpose of identifying coexisting conditions that were
present before the procedure, we examined index admissions and
all admissions in the two years before each index admission for
selected conditions using the diagnostic codes and previously de-
scribed ICD-9-CM definitions.’® We used these data to calculate
a clinical index of coexisting conditions that is predictive of one-
year mortality in patients who have undergone coronary bypass
surgery.l”

Definitions of End Points

For each index coronary intervention, the date of the first sub-
sequent target-vessel revascularization was obtained from the Brit-
ish Columbia Cardiac Registries. The occurrence of myocardial
infarction at any time after an index procedure was identified with
use of the British Columbia Patient Hospitalization Data Base.
Clinically diagnosed periprocedural or post-procedural infarctions
were included, though post-procedural serum cardiac-enzyme lev-
cls were not measured routinely at all centers. Deaths were identi-
fied from the Deaths Registry of the British Columbia Vital Statis-
tics Agency with the use of probabilistic record linkage. A major
adverse cardiac event was defined as the first occurrence of target-
vessel revascularization, myocardial infarction, or death from any
cause according to the above definitions.

Percutaneous Coronary Intervention

The procedures were performed at one of four centers by 14
experienced operators (each of whom performed between 165 and
351 procedures per year) with the use of contemporary tech-
niques according to the operator’s preference. Variation in the rate
of stent implantation over time reflects primarily changing oper-
ator thresholds for elective and provisional stenting. The use of
first-generation stents predominated in 1994 and 1995. Second-
generation tubular slotted stents were introduced in 1996, and
their use predominated in 1997. A transition from warfarin-based
regimens of anticoagulation after stenting to antiplatelet thera-
py with ticlopidine and aspirin occurred during the second half
of 1995. Abciximab was introduced in 1996 and used in 2 percent
of cases in the second half of that year and in 7 percent of cases in
the first half of 1997. Intracoronary ultrasonography was used in-
frequently and largely for research purposes rather than as a clini-
cal tool.

Statistical Analysis

All analyses are reported on a per-procedure basis. To examine
changing outcomes over time, we divided the procedures into sev-
en cohorts, one cohort for each sequential half-year period, based
on the calendar year, beginning in 1994. Since the study period
began on April 1, 1994, the first cohort included only procedures
performed in April, May, or June of that year. The rates of stent-
ing for each period were calculated as the percentage of all pro-
cedures in which at least one stent was implanted. Temporal trends
in base-line variables were examined with Mantel-Haenszel chi-
square statistics for binary and ordinal variables, Spearman’s rank
correlation for continuous variables, and the Kruskal-Wallace test
for nominal variables.

The end points were estimated by the Kaplan—Meier method
for each of the seven periods. Patients who underwent multiple
procedures during the study period were included for each inter-
vention. To avoid double counting of patient-specific events in pa-
tients who underwent multiple index procedures, we censored fol-
low-up times for death, myocardial infarction, and composite end
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points at the time of a subsequent index coronary intervention.
This method attributes events to the most recent procedure. Target-
vessel revascularization was considered a vessel-specific outcome
and was not censored at the time of a subsequent procedure not
involving the target vessel. Follow-up times for myocardial infarc-
tion and revascularization were censored at the time of death.

For each end point, we used Cox proportional-hazards analysis
to estimate the aggregate relative risk for all seven periods on the
basis of the entire data set (e, where B is the coefficient indicat-
ing the log relative risk for the comparison of two consecutive pe-
riods). We computed relative risks, 95 percent confidence intervals,
and significance levels with and without adjustment for significant
base-line variables. We identified statistically significant base-line var-
iables for each end point by forward stepwise selection of variables
with a P value of less than 0.1. We also used Cox proportional-
hazard analysis to examine the effects of interactions between the
cohort period of the index procedure and the following variables:
age (=65 years vs. <65), sex, diabetes status, target vessel (left an-
terior descending coronary artery vs. other vessels), the number
of vessels involved (one vs. two or more), clinical status (stable or
unstable), and whether the procedure was the first or a subsequent
intervention.

RESULTS

Between April 1, 1994, and June 30, 1997, a total
of 9686 percutaneous coronary interventions were
performed in residents of British Columbia. Ninety-
two procedures with poorly defined target segments
were excluded. The analysis was based on the remain-
ing 9594 procedures (99 percent), which involved
the treatment of 14,511 lesions in 10,994 vessels in
7880 patients. The number of procedures performed
during each period is shown in Tables 1 and 2. Eleven
months of follow-up data were available in 100 per-
cent of cases, and 12 months of data were available
in 97 percent.

Base-line characteristics are shown in Table 1. Dur-
ing the study period, the mean age of the patients
increased, from 61 years in the period from April to
June 1994 to 63 years in the period from January to
June 1997 (P=0.009). The proportion with a recent
history (within two weeks) of an acute coronary syn-
drome also increased (from 38.6 percent to 46.4 per-
cent, P<<0.001), as did the prevalence of hyperten-
sion (from 31.3 percent to 34.1 percent, P<<0.001)
and cerebral vascular disease (from 2.7 percent to 3.8
percent, P=0.03). The prevalence of previous myo-
cardial infarction (overall prevalence, 48.3 percent),
prior unstable angina (40.3 percent), congestive heart
failure (9.6 percent), and diabetes (15.2 percent) re-
mained stable, as did the overall burden of coexisting
conditions, as indicated by the clinical comorbidity
index.

An examination of the temporal trends (Table 2)
revealed the increasing urgency of the procedures,
with the proportion of urgent procedures increasing
from 48.6 percent in the period from April to June
1994 to 61.7 percent in the period from January to
June 1997 (P<<0.001) and the proportion of elec-
tive and semiurgent procedures decreasing. There was
also a change in the indications for procedures over
time (P<<0.001), with unstable angina increasing as
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TABLE 1. TEMPORAL TRENDS IN THE BASE-LINE CHARACTERISTICS OF THE PATIENTS.

APRIL 1, 1994— APRIL-JUNE JuLy-Dec. JAN.-JUNE JurLy-Dec. JAN.—JunE Jury-Dec. JAN.—JUNE P VALUE

CHARACTERISTIC JUNE 30, 1997 1994 1994 1995 1995 1996 1996 1997  ror TREND
No. of procedures 9594 591 1234 1480 1421 1558 1587 1723 <0.001
Mean age (yr) 63 61 63 63 63 63 63 63 0.009
Female sex (%) 27.6 254 26.7 28.0 27.0 28.0 27.8 28.8 0.12
Cardiac conditions (%)
Previous myocardial infarction 48.3 51.4 44.8 48.5 47.8 48.6 48.3 50.3 0.10
Admission for unstable angina 40.3 42.0 39.6 395 40.9 41.8 40.5 39.1 0.12
<2 yr before procedure
Acute coronary syndrome 45.0 38.6 40.4 435 472 45.1 49.0 46.4 <0.001
<2 wk before procedure
Congestive heart failure 9.6 8.0 11.4 8.8 9.3 10.3 9.1 9.3 0.15
Coexisting conditions (%)
Diabetes mellitus 15.2 16.8 16.4 13.8 14.8 15.3 14.2 15.9 0.74
Hypertension 325 31.3 30.8 27.1 38.6 329 36.1 34.1 <0.001
Cerebral vascular disease 3.3 27 1.9 32 3.6 38 35 38 0.03
Chronic renal disease 1.9 1.9 2.2 1.5 2.0 2.1 2.1 1.9 0.43
Peripheral vascular disease 4.2 5.8 52 3.8 4.6 4.2 3.5 3.7 0.01
Chronic obstructive pulmonary discase 6.2 6.3 54 5.7 6.9 6.6 6.4 6.7 0.13
Mean comorbidity index* 0.95 0.89 1.02 0.90 0.94 0.99 0.94 0.95 0.67

*The clinical comorbidity index!” was calculated with use of the following formula: 1 X (recent myocardial infarction)+ 1 X (cerebral vascular disease)
+2 X (peripheral vascular disease)+ 3 X (renal disease)+4 X (congestive heart failure).

TABLE 2. TEMPORAL TRENDS IN THE CHARACTERISTICS OF THE PROCEDURES.

APRIL 1, 1994~ APRIL-JUNE JuLy-DEC. JAN.-JUNE JuLy-DEec. JAN.-JunE JuLy-Dec. JAN.-JUNE P VALUE

JUunE 30, 1997 1994 1994 1995 1995 1996 1996 1997 FOR
CHARACTERISTIC (N=9594) (N=591) (N=1234) (N=1480) (N=1421) (N=1558) (N=1587) (N=1723) TREND
Urgency of coronary intervention (%) <0.001
Elective 21.0 25.2 28.8 259 18.0 214 16.0 16.6
Semiurgent 16.4 17.0 19.6 15.8 17.1 18.9 12.1 15.5
Urgent 54.1 48.6 43.8 51.0 53.9 49.8 63.1 61.7
Emergency 8.5 9.2 7.8 7.3 11.0 9.9 6.3 6.2
Coronary intervention at diagnostic 19.8 11.9 13.0 13.3 149 18.8 26.5 33.0 <0.001
angiography (%)
Indication (%) <0.001
Stable angina 35.6 40.1 45.3 40.2 33.0 39.1 27.6 30.1
Unstable angina 44.5 39.6 36.7 43.0 45.6 38.7 49.3 529
Myocardial infarction (direct PCI)* 31 39 3.1 2.2 2.9 35 39 2.6
Myocardial infarction (failed thrombolysis) 3.0 25 1.9 3.6 4.2 3.2 2.8 2.6
Ischemia after myocardial infarction 12.6 12.1 11.8 9.9 13.6 14.2 15.4 10.6
Other 1.2 1.8 1.2 1.1 0.7 1.3 1.0 1.2
Vessels involved (%)
Left main coronary artery 0.9 0.3 0.5 1.0 1.8 0.6 0.9 0.9 0.51
Left anterior descending coronary artery 43.6 42.8 44.1 435 44.7 434 432 435 0.79
Ramus intermedius 1.6 1.5 1.5 1.8 1.2 1.1 21 1.7 0.41
Left circumflex artery 23.3 239 24.8 23.8 223 23.2 229 23.2 0.32
Right coronary artery 35.0 38.2 36.6 38.5 38.5 38.0 36.9 38.0 0.61
Saphenous-vein graft 6.1 5.6 5.6 6.0 6.1 6.7 52 6.7 0.47
Internal-thoracic-artery graft 0.5 0.5 0.6 0.4 0.4 0.2 0.7 0.6 0.56
Total occlusion (%) 18.6 19.3 17.6 20.1 16.2 20.7 19.4 17.0 0.61
Mean no. of lesions treated /procedure 1.51 147 1.44 1.54 1.58 1.49 1.52 1.57 0.001
Mean no. of vessels treated /procedure 1.15 1.13 1.14 1.15 1.15 1.14 1.14 1.15 0.20
=2 Vessels involved (%) 14.4 13.9 14.1 14.9 14.4 13.8 13.3 16.1 0.40
Use of atherectomy or stent implantation (%)
Directional atherectomy 0.4 1.9 0.8 0.9 0.4 0.3 0.0 0.1 <0.001
Rotational atherectomy 0.8 2.4 1.2 1.1 1.1 0.4 0.2 0.2 <0.001
Stent implantation 34.8 14.2 14.7 20.0 30.0 379 47 4 58.7 <0.001

*PCI denotes percutaneous coronary intervention.
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cent confidence interval, 0.79 to 0.94) and the co-
hort period of the procedure (relative risk for the
comparison of consecutive periods, 0.98; 95 percent
confidence interval, 0.95 to 0.998) were independ-
ent predictors of a reduction in the risk of major ad-
verse cardiac events at one year.

We repeated our end-point analysis on a per-patient
basis, including only the 7413 first procedures, and on
a per-procedure basis for all 9594 procedures, using
competing-risks analysis.!8 The competing-risks analy-
sis was adjusted for possible correlation effects re-
sulting from the repeated inclusion of 2181 patients
who had undergone multiple procedures. Neither
analysis resulted in an appreciable difference in event
rates, temporal trends, or significance levels from our
primary analysis.

DISCUSSION

Rapid changes in the practice of interventional
cardiology with respect to the selection of patients,
devices used, and adjunctive drug treatment have
occurred in the past decade. Dominated by recent
marked increases in the use of stents, these myriad
changes have been based on extrapolation of the re-
sults of studies of selected populations. Such extrap-
olation may be inappropriate,! given the diverse and
often complex characteristics of real patients treated
with percutanecous coronary interventions. The ab-
sence of confirmed effectiveness in unselected popu-
lations has had clear implications for clinical practice,
clinical research, and cost effectiveness.

Our population-based study provides documenta-
tion of one-year event rates after percutancous cor-
onary intervention within a large geographic region.
Between 1994 and 1997, we observed sequential, in-
cremental improvements in outcome, with a 21 per-
cent adjusted reduction in the composite end point
of adverse cardiac events that was due entirely to a 28
percent adjusted reduction in the rate of target-vessel
revascularization. Event rates declined despite increas-
es in the mean age of the patients and the prevalence
of a recent history of acute coronary syndromes and
a stable rate of coexisting conditions at base line.
This reduction was consistent among key demograph-
ic and clinical subgroups, demonstrating the broad
effectiveness of evolving techniques of percutaneous
coronary revascularization during the mid-1990s.

No observational study allows the clear establish-
ment of causal relations. Simple observations of su-
perior outcomes among patients selected for new
therapies are particularly prone to bias, even after ad-
justment for known prognostic factors. However, the
demonstration of a change in the overall outcome
during the gradual adoption of a new therapy in a
stable, population-based cohort is less subject to bias.
The finding that the observed improvement in out-
comes after coronary intervention coincided with the
increasing use of stents in the absence of a decrease

in the complexity of the cases suggests that the effect
is attributable to the use of stents.

Our results are concordant with the results of prior
randomized stent trials.613 In the original Benestent
trial, for example, randomization to stent implanta-
tion (with a rate of implantation of 94.6 percent) was
associated with a 28 percent reduction (23 percent
vs. 32 percent) in the rate of adverse events at one
year.2® This finding is similar to our finding of a 21
percent decrease in the rate of adverse cardiac events,
which was associated with an increase in the rate of
use of stents (from 14.2 percent to 58.7 percent).

Recently, the original comparisons of stenting and
balloon angioplastys!3 have been criticized for hav-
ing insufficient statistical power to detect small in-
creases in the risk of death or myocardial infarction
with stenting.!® In our much larger cohort of patients,
despite the infrequent use of abciximab, increasing
rates of stenting were not associated with significant
increases in the rates of myocardial infarction at one
year. Although the methods we used may have been
insensitive to the occurrence of asymptomatic peripro-
cedural myocardial infarctions, we consider the fact
that there was no significant change in one-year mor-
tality particularly important. Conversely, the absence
of such a change is not unexpected, since most of
the revascularization procedures in our study involved
single vessels.

In our study, the cohort period of the procedure
was an independent predictor of improved outcome
after adjustment for the use of stents, confirming that
changes other than increasing use of stents contrib-
uted. Although we can only speculate on their relative
importance, such changes include refined techniques
of stent deployment; improved stent designs; evolving
catheter, balloon, and imaging technology; improved
antithrombotic therapy; and increasing operator ex-
perience. In addition, we cannot exclude possible ef-
fects related to increasingly early treatment in patients
with unstable coronary syndromes or to improve-
ments in general medical therapy.

The absence of population-based data on the out-
come after percutaneous coronary intervention has
limited the interpretation of the results of random-
ized clinical trials and data from registries. Under-
standing the degree to which study populations reflect
real patients and their outcomes is vital in determin-
ing the degree to which results may be generalized.
By showing that the outcome continually improved
between 1994 and 1997, our study suggests that much
of the existing data comparing percutaneous coro-
nary intervention with other therapies is dated. This
applies to trials comparing percutaneous revascular-
ization (in which the use of stents was infrequent) to
medical?1-22 and surgical?3-28 therapies and has impli-
cations for studies of early angiography and interven-
tion in patients with acute coronary syndromes.29-31
In the most recent period that we studied — January
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Figure 1. Unadjusted Kaplan—Meier Estimates of the Likelihood of Freedom from Target-Vessel Revas-
cularization (Panel A), Death or Target-Vessel Revascularization (Panel B), and Major Adverse Cardiac
Events (Panel C) after Percutaneous Coronary Intervention.
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Figure 2. Adjusted Relative Risk of Target-Vessel Revascularization during the Entire Study Period,
Overall and According to Various Clinical Characteristics.
No significant interaction was identified between the cohort period of the procedure and the variables
examined, indicating consistency with the overall results. I bars indicate 95 percent confidence intervals.
A dotted reference line for the overall adjusted relative risk of target-vessel revascularization is shown.
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to June 1997 — the rates of target-vessel revascular-
ization were just 12.1 percent at one year among the
1011 procedures (59 percent) that involved stenting.
These contemporary data on outcome must be con-
sidered in any determination of appropriate and cost-
effective applications of new therapies and forms of
technology.3?

Several limitations regarding our data should be
considered. We did not compare the data sheets filled
out in the catheterization laboratories with patients’
records; therefore, the data may contain errors or bias.
We have attempted to minimize the extent to which
this may have influenced our results by limiting the
use of operator-reported data for coding of the cor-
onary segments. Our end point of target-vessel re-
vascularization relied only on the correct identifica-
tion of the target vessel and is thus unlikely to have
been affected by minor errors or bias in the coding
of target segments. Periprocedural myocardial infarc-
tion may have been underreported, because cardiac
enzymes were not measured routinely after the pro-
cedure at all centers during the study period.

We derived data on coexisting conditions and my-
ocardial infarction from an administrative data base.
The accuracy of clinical data in administrative data
bases has been criticized.3? In contrast to many insur-
ance-based data bases in the United States, Canadian
health data bases are population-based and adminis-
tered by the government, and each record contains
up to 16 diagnoses linked to codes defining the tim-
ing and importance of each diagnosis. They are not
linked to reimbursement or risk-adjusted hospital re-
port cards rating outcomes, both of which are po-
tential sources of bias. The accuracy and suitability of
Canadian health data bases for use in clinical studies
have been reviewed,3* and we validated our own meth-
ods of data extraction by comparing them with a
chart review in 817 patients at a single hospital (kappa,
0.52 to 0.83). Both our own validation study and a
previous study3s demonstrate that hospital-discharge
data are suitable for risk adjustment in research on
outcomes.

Our methods may have underestimated the effect
of the use of coronary stenting, since the rate of use
in the earliest period of the study — April to June
1994 — was 14.2 percent. Those considered at high-
est risk for acute closure or early restenosis were al-
ready receiving stents. This point may explain the lack
of a reduction in the number of early, repeated re-
vascularization procedures and may have attenuated
the improvement in cumulative one-year outcomes.

In the absence of data on late symptoms, the pro-
portion of patients with recurrent symptoms that were
managed medically rather than by repeated revascu-
larization remains unknown. We therefore cannot ex-
clude the possibility that an increasing reluctance to
intervene surgically after stenting has been associated
with changing interventional techniques and contrib-
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uted to the reduction in the rate of target-vessel re-
vascularization. Finally, because our findings reflect
the practice of interventional cardiology in British
Columbia in the mid-1990s, we cannot state with cer-
tainty the extent to which these data can be extrap-
olated to other populations in other regions with
other health systems.
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