
Clinical
Investigation

Impact of the “Stent-
When-Feasible” Policy
on In-Hospital and 6-Month Success and Complication
Rates after Coronary Angioplasty: Single-Center
Experience with 17,956 Revascularization Procedures
(1993-1997)

This retrospective, observational, single-center study analyzed the results of a “stent-
when-feasible” policy in a real-world setting. The study began in the “pre-stent” peri-
od (1993) and ended after the beginning of the “routine stent” period (1997). When
the 1993 and 1997 global data were compared, the early and 6-month results included
significant improvements in the rates of angiographic success (89.3% vs 97.1%),
emergency surgical revascularization (1.0% vs 0.3%), freedom from in-hospital major
events (91.2% vs 95.9%), and freedom from 6-month major events (77.2% vs 85.1%).
The 6-month redo revascularization rate was reduced by almost half for “any catheter
intervention” (19.6% vs 10.7%) and was lowest after stent use (7.7% in 1997). (Tex
Heart Inst J 2000;27:337-45)

ince the 1979 clinical introduction in the United States of coronary cath-
eter interventions (CCI),* the use of CCI for coronary artery disease has
increased progressively, with and without balloons. Recently, the advent

of coronary stenting1,2 has further promoted the use of CCI. Although stenting
was originally devised to treat failed balloon angioplasty, its uses were soon ex-
tended to improve the late results of initially successful balloon-CCI. In 1994, the
Stent Restenosis Study (STRESS)3 and the Belgian Netherlands Stent trial (BEN-
ESTENT)4 showed that, for selected coronary conditions (clinical and angio-
graphic subsets), stent-CCI generally yields better early and mid-term (6-month)
results, specifically with respect to mid-term restenosis, than does balloon-CCI
alone. This claim was soon widely accepted and empirically interpreted by the
medical community to mean that, when possible, stent treatment is always better
than balloon angioplasty alone. The resulting generalized policy of “stent when
feasible,” as currently practiced at most interventional cardiology centers, has not
yet been validated by large, randomized protocols or by observational studies of
large populations. 

In the present study, we analyzed the early and late results of progressive imple-
mentation of the “stent-when-feasible” policy at a single large cardiovascular cen-
ter. The study period began in 1993, immediately before stenting became clinically
available, and was completed in 1997, after the stent-when-feasible policy was
adopted.

Patients and Methods

We examined the records of all consecutive patients with coronary artery disease
who underwent any type of coronary revascularization procedure from 1 January
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*In the absence of a generic, widely accepted term for “angioplasty carried out by catheter,” we pre-
fer to avoid the original term “percutaneous transluminal coronary angioplasty (PTCA),” which is
often inconsistently used as a synonym for balloon catheter angioplasty. We also prefer to avoid
“percutaneous coronary intervention (PCI),” because percutaneous entry is also involved in surgery.
(According to Merriam-Webster’s Dictionary, 1995 edition, percutaneous means “administered, re-
moved, or absorbed by way of the skin.”) We favor “coronary catheter intervention (CCI),” which
clearly indicates any procedure performed in the coronary arteries with a catheter.



1993 through 31 December 1997. Data for this ret-
rospective analysis were derived from an integra-
ted database established at the Texas Heart Institute
specifically to document early and late outcomes of
cardiovascular interventional procedures, involving
surgery or catheter devices, at a single institution (St.
Luke’s Episcopal Hospital). Every patient who under-
goes catheter or surgical revascularization is entered
into the database, which documents approximately
1,000 clinically relevant parameters for each case. 
As each patient is followed up, additional data are 
entered to reflect new hospital admissions, the results
of routine written questionnaires (completed at 12
months), and mortality records from the Texas State
Bureau of Vital Statistics. In this particular study,
postoperative follow-up observation was terminated
at 6 months. During the study period, the pattern of
referrals and follow-up compliance did not change
significantly with time.

Operators
As a tertiary referral hospital, St. Luke’s Episcopal
Hospital has a large staff of cardiologists (about 90
who have admitting privileges), most of whom (ap-
proximately 60) practice interventional cardiology.
The hospital’s 11 catheterization laboratories have an
open-staff policy by which each qualified cardiologist
independently performs his or her own interventional
procedures. The training and experience of individual
operators varies, although fairly strict supervision is
enforced, in accordance with agreed-upon rules and
regulations and subject to counseling by a peer-review
committee. Intravascular ultrasound (IVUS) imaging
was used sparingly (in 3% of all cases), by some oper-
ators.

Study Period
The study period started on 1 January 1993 when
balloon-CCI was the dominant CCI and coronary
stenting had not yet been introduced into clinical
practice. Enrollment of new patients ended on 31
December 1997, and follow-up data were collected
through 30 June 1998. By 1997, a progressive “stent-
when-feasible” plan had been adopted by all of the
involved cardiologists. According to established di-
rectives, stents were used only in arteries or vein
grafts with a luminal diameter of at least 3.0 mm but
less than 4.5 mm.

Catheter Devices
For balloon-CCI, we used many different types of
commercially available balloon catheters. Table I lists
the types of stents implanted. The Palmaz-Schatz
stent (Johnson & Johnson; New Brunswick, NJ) was
initially implanted according to the rules of an exper-
imental multicenter protocol (the STRESS study).

This device was approved by the United States Food
and Drug Administration in mid-1994. It became
the most widely used model until mid-1997, when it
was largely replaced by the Multilink stent (Guidant;
Redwood City, Calif). The Gianturco-Roubin stent
(Cook Cardiology; Bloomington, Ind) was used pri-
marily to treat balloon-CCI early failure and/or cor-
onary dissection from 1993 to 1995. We implanted
several stents while they were undergoing preclinical-
release assessment; these devices included the Mul-
tilink, the NIR (Scimed; Maple Grove, Minn), the
WallStent (Schneider; Minneapolis, Minn), and the
Wiktor (Medtronic; Minneapolis, Minn). During
the study period, only the Gianturco-Roubin, Multi-
link, Palmaz-Schatz, and Wiktor devices were used in
great number (>100).

Whereas atherectomy instruments consisted essen-
tially of directional devices (DVI Simpson Coronary
AtheroCath; Guidant) and rotational devices (Rota-
blator; Boston Scientific; Natick, Mass), the trans-
luminal extraction catheter (TEC; Interventional
Technologies, Inc.; San Diego, Calif) was rarely used.

Anticoagulation
During the period covered by the study, our tech-
niques and procedures conformed to the prevailing
national trends. These trends included the use of anti-
coagulants during and early after stent implantation
(specifically, dextran, aspirin, dipyridamole, and he-
parin administered for 12 to 48 hours as an intra-
venous infusion, and warfarin). After the introduction
of routine high-pressure (>12 atm) stent expansion in
mid-1995, this anticoagulation regimen was replaced
by aspirin (325 mg/day indefinitely) and ticlopidine
(250 mg twice a day for 1 month), without heparin
infusion. Newer-generation platelet inhibitors (plate-
let glycoprotein IIb/IIIa receptor antagonists) were ad-
ministered at a progressively higher rate as the study
period progressed (Fig. 1).

End-Points
The end-points of the study were 1) “angiographic
success,” defined as an angiographically assessed early
outcome in which the residual luminal stenosis was
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TABLE I. Stent Models Implanted (n = 4,616), 
1993-1997 

Number % of Overall 
Device Years of Use of Cases Cases 

Gianturco-Roubin 1993-97 124 2.7
Multilink 1997 557 12.0
Palmaz-Schatz 1993-1997 3554 77.0
WallStent 1995-1997 59 1.3
Wiktor 1996-1997 130 2.8
Others 1995-1997 250 5.4



less than 50% at the site of at least 1 treated lesion
that originally had an angiographically assessed steno-
sis of greater than 70%; 2) “clinical success,” defined
as a successful clinical outcome at hospital discharge
(early angiographic success in the absence of the fol-
lowing major in-hospital events: acute myocardial in-
farction,* death, and redo coronary angioplasty or
surgical revascularization); and 3) event-free survival
at the 6-month follow-up evaluation, in the absence
of the same major events between hospital discharge
and follow-up.

Statistical Analysis
Statistical comparisons of categorical variables were
performed with χ2 analysis, and the results were com-
pared by means of t-tests. Differences were consid-
ered significant when the p value was less than 0.05.
Unless otherwise indicated, comparisons are between
data obtained during the 1st year (1993) and during
the final year (1997) of the study (i.e., the pre-stent
sample versus the routine-stent sample). The effects
on the clinical outcomes of variations between the
1993 and 1997 populations in their baseline charac-
teristics (Table IIA) were evaluated by means of mul-
tivariate logistic regression analysis. The “6-month
event rate” includes the hospitalization period follow-
ing the initial procedure (the “in-hospital” event
rate).

Results

From 1 January 1993 through 31 December 1997,
our hospital staff performed 17,956 coronary revas-
cularization procedures in 15,770 patients. Of these

procedures, 9,857 were CCI, and 8,099 were aorto-
coronary bypass operations (Fig. 2). The 9,857 CCI
were performed to treat 15,474 lesions in 7,671 pa-
tients (2,146 patients had 2 or more CCI). The CCI
were categorized according to the most sophisticated
device used. In increasing order of sophistication, the
categories were: balloon-CCI (5,449 procedures);
atherectomy-CCI using any type of atherectomy de-
vice (723 procedures); and stent-CCI (3,685 proce-
dures involving 4,616 stents) (Figs. 2 and 3). In 253
of the cases, an atherectomy preceded stent use.

Demographic, Clinical, and 
Angiographic Characteristics
Table II (A,B) shows the demographic, clinical, and
angiographic characteristics for the 1993 and 1997
cohorts. Throughout the study, the mean age re-
mained about 62 years, and the male-to-female ratio
remained basically constant (percentage of males:
73.5% in 1993 in comparison with 75.4% in 1997;
p = 0.517). Each year, the percentage of patients
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*As diagnosed by the admitting physician on the basis of a clini-
cal event and as documented by enzyme-level elevation (creatine
phosphokinase levels higher than twice the maximal normal
value, with isoenzymes positive for myocardial infarction) or by
electrocardiographic changes (Q and non-Q waves), or by both.

Fig. 1  Yearly percentage of patients who received intravenous
abciximab. The drug was administered as a bolus dose at the
start of coronary catheter intervention and then as a contin-
uous infusion for the next 12 hours.

Fig. 2  Yearly coronary interventions at St. Luke’s/Texas Heart
Institute, broken down by the type of intervention, as a
percentage of each annual total.

CAB = coronary artery bypass; CCI = coronary catheter
intervention

Fig. 3  Yearly percutaneous interventions at St. Luke’s/Texas
Heart Institute, broken down by the type of intervention, as a
percentage of each annual total.

CCI = coronary catheter intervention



(11.4% to 24.6%); and a history of congestive heart
failure (6.1% to 11.5%). Substantially unchanged
were the number of lesions treated per patient (1.3 to
1.5) and the incidence of angiographically difficult le-
sions (25.5% to 26.2%), which were identified as
type C in accordance with the American College of
Cardiology/American Heart Association classification
system.
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treated for saphenous vein graft lesions remained sta-
ble, at around 10%; similarly, the percentage of pa-
tients who had undergone coronary artery bypass
surgery remained stable, at about 24% per year.

From 1993 to 1997, the incidence of the following
factors increased significantly: hypertension (51.5%
to 74.1%); diabetes mellitus (19.8% to 24.2%); myo-
cardial infarction (MI) within 30 days before the CCI

TABLE IIA. Demographic and Clinical Characteristics

1993 1997
Variable No. % Total* No. % Total* p Value

Male 1081 73.5 1471 1310 75.4 1738 .517
Mean age (± SD) 62.2±11.2 ——- 1471 62.4±11.1 ——- 1738 .620
HTN 755 51.5 1467 74.1 1723 <.001
Current smoker 319 21.8 1467 474 27.5 1723 <.001
Angina status**

No angina 47 4.2 1112 132 8.1 1629 <.001
Stable angina 223 20.0 1112 342 21.0 1629 .055
Unstable angina 842 75.7 1112 1155 70.9 1629 .005

Previous MI
≤ 30 days 168 11.4 1471 427 24.6 1738 <.001
> 30 days 369 25.1 1471 444 25.6 1738 .764

DM:
None 1176 80.2 1467 1291 75.7 1705 <.001
Type I 119 8.1 1467 120 7.0 1705 .203
Type II 172 11.7 1467 294 17.2 1705 <.001

CHF 90 6.1 1467 198 11.5 1723 <.001
LVEF <35% 481 32.7 1471 615 35.4 1738 .506
Previous CABG 370 25.2 1471 412 23.7 1738 .341

* Total = number of patients for whom data were available
**“No angina” = Canadian Heart Association (CHA) functional class 0; “stable angina” = CHA class I to III;
“unstable angina” = CHA class IV.

TABLE IIB. Angiographic Characteristics          

1993 1997

Variable No. % Total* No. % Total* p Value

Diseased vessels 
per patient:

1 588 51.0 1155 965 51.4 1877 .404
2 366 31.6 1155 594 31.7 1877 .722
3 201 17.4 1155 318 16.9 1877 .943

Type of lesion*:
A 250 10.0 2505 99 2.7 3714 <.001
B 1599 63.8 2505 2668 71.8 3714 <.001
C 656 26.2 2505 947 25.5 3714 .522

Restenosis** 144 10.6 1361 201 9.3 2167 .210
SVG 232 9.3 2505 399 10.7 3714 .062

* Type A,B,C=angiographic subclassifications based on guidelines published by the American Heart Association and the American
College of Cardiology in 1993.  
**Lesions treated for restenosis after previous coronary catheter intervention

CABG=coronary artery bypass grafting; CHF=congestive heart failure (characterized by a history of this disorder); DM=diabetes
mellitus (type I = insulin-dependent, type II = oral-agent-dependent); HTN=hypertension; LVEF=left ventricular ejection fraction
(estimated by visually analyzing the left ventricular angiogram); MI=myocardial infarction; SD=standard deviation; SVG=saphe-
nous vein graft treated by means of coronary catheter intervention



cidence of redo revascularization was substantially
lower after stent-CCI (7.7%) than after balloon-CCI
(17.7%).

Table III shows the results of a multivariate logistic
regression analysis performed to adjust for baseline
clinical characteristics that were significantly differ-

Procedures and Outcomes
Over the study period, the yearly percentage of pa-
tients who underwent surgical revascularization de-
creased from 49.9% to 40.0% (Fig. 2). Stent use
increased from 1.1% to 43.4% of the total number
of coronary revascularization procedures. The per-
centage of CCI that involved the use of stents in-
creased from 2.0% to 72.5% (Fig. 3). The incidence
of atherectomy peaked in 1994, when the popularity
of the DVI directional device was at its highest level;
after 1995, the incidence decreased to 4% of the total
CCI done, and the Rotablator became essentially the
only atherectomy device used.

From 1993 to 1997, the CCI angiographic success
rate increased significantly (from 89.3% to 97.1%; p
<0.001), as did the clinical success rate (from 82.2%
to 92.1%; p <0.001) for all procedures combined
(Figs. 4 and 5). The clinical success rate also im-
proved for balloon-CCI considered separately, al-
though it remained inferior to that for stent-CCI.
The need for urgent or emergency surgery (per-
formed after any CCI, on the same day) decreased
significantly (1.0% to 0.3%; p <0.001). The total in-
cidence of in-hospital redo revascularizations (in
which the treated lesions underwent an additional
procedure before hospital discharge) decreased from
7.3% to 2.0% (p <0.001) (Fig. 6). The mean length
of stay in the hospital decreased significantly from
4.9 to 3.6 days (p <0.0001).

Figures 5 through 8 show the rates of freedom from
major cardiac events (death, MI, redo revasculariza-
tion) before hospital discharge and at 6 months for
the 1993 and 1997 cohorts. Over the study period,
freedom from any of these major events during the
first 6 postoperative months increased significantly,
both for each individual catheter technique and for
the group as a whole (77.2% to 85.1%; p <0.001)
(Fig. 5).

There was a clear trend towards a decreased mortal-
ity rate for each type of procedure. In particular, hos-
pital deaths associated with any CCI decreased from
1.65% to 0.99% (p = 0.067) (Fig. 7). This advantage
was not maintained at 6 months (3.06% vs 2.98%; p
= 0.88), because the postdischarge mortality tended
to increase (1.39% vs 1.99%) from the 1993 to the
1997 cohorts.

Figure 8 shows the yearly MI rates. Over the study
period, there was no significant change in the in-
hospital MI rate (2.18% in 1993 in comparison with
2.03% in 1997; p = 0.74) or in the MI rate during
the first 6 postoperative months (3.18% in compari-
son with 3.15%; p = 0.96).

The need for redo revascularization (CCI or coro-
nary artery bypass) at 6 months decreased significant-
ly for the combined CCI but not for balloon-CCI or
atherectomy-CCI (Fig. 6). Most importantly, the in-

Fig. 4 Comparative angiographic and clinical success rates
(per procedure) in 1993 and 1997. (See text for the definitions
of angiographic and clinical success.)

CCI = coronary catheter intervention

Fig. 5  Comparison of freedom from major adverse events
(death, myocardial infarction, redo balloon-CCI, or aorto-
coronary bypass), excluding angiographic failure, in hospital
and at 6 months, after CCI performed in 1993 and in 1997.
Figures are provided for each type of CCI and also for all CCI.

CCI = coronary catheter intervention

Fig. 6  Reintervention rates (1993 compared with 1997)

CCI = coronary catheter intervention
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ent in 1993 than in 1997. After this adjustment, the
incidence of MI in the 2 populations did not change,
either at hospital discharge or at 6 months. After the
adjustment, mortality and need for redo revascular-
ization during hospitalization appeared to decrease
significantly (by 58% and 74%, respectively). The 6-
month mortality rate was not significantly changed,
but the need for revascularization at 6 months de-
creased by 50%.

Discussion

When the STRESS3 and BENESTENT4 trials were
presented in the literature as evidence that stent-CCI
is generically better than balloon-CCI in coronary ar-
teries with a diameter of at least 3 mm, several inter-
ventional cardiologists felt that this statement might
have been radical and unwarranted. Indeed, it was
conceivable that subsets of lesions could be found for
which stand-alone balloon-CCI would still be easier,
simpler, and more cost-effective than stent-CCI.
However, it soon became apparent that cardiologists
were unlikely to be able to identify variables that
would allow “proper” selection of patients for stand-
alone balloon-CCI.5 The reliable, consistently “beau-

tiful” results of coronary stenting (as documented by
angiography and IVUS) empirically and forcefully
tilted the balance in favor of the broad stent-when-
feasible policy. This policy subsequently became es-
tablished in clinical practice, even without proper
validation, except possibly in cases involving total oc-
clusion, aortocoronary ostial obstruction, acute MI,
or vein graft lesions.6-9 In our own experience from
1993 to 1997, more than 40% of the patients treated
with stent-CCI did not meet the inclusion criteria of
the STRESS and BENESTENT trials, which also
differed from our experience because they did not in-
volve a continuous series. We investigated the prac-
tice of routine stent use by analyzing our extensive
experience with a continuous series of patients un-
dergoing CCI at a large center that practices a rela-
tively aggressive policy of coronary revascularization.
The most striking results of our study can be summa-
rized as follows.

Summary of Our Results
1) The indications for CCI were extended, mainly

because of the advent of coronary stents. The inci-
dence of CCI increased from 50.2% to 59.8% of the
total number of revascularization procedures per-
formed at our hospital during the study period (Fig.
2). At the same time, the incidence of surgical revas-
cularization decreased from 49.9% to 40.0% (in ab-
solute terms, from 1,692 to 1,540 procedures).

2) The availability of coronary stents (whether or
not they were actually used) enabled CCI to be per-
formed in a much safer and more controlled fashion,
even in patients at relatively high risk. The increased
risk in the 1997 population (compared with 1993) is
evidenced by the higher incidence of factors associat-
ed with early and late adverse events (diabetes, recent
MI, and congestive heart failure).

TABLE III.  Risk-Adjusted Difference in Outcomes 
(In-Hospital and 6-Month Results): 1993 versus 1997 

95% 
Difference in Outcome Odds Confidence 
1993 vs 1997 p Value Ratio Interval

Myocardial infarction
In hospital NS ——- ————
At 6 mo NS ——- ————

Death
In hospital .01 .42 .21-.82
At 6 mo NS ——- ————

Redo revascularization
In hospital <.001 .26 .17-.40
At 6 mo <.001 .50 .39-.63

Combined major cardiac events
In hospital <.001 .45 .33-.62
At 6 mo <.001 .58 .47-.71

Fig. 7  Mortality rates (1993 compared with 1997)

CCI = coronary catheter intervention

Fig. 8  Myocardial infarction rates (1993 compared with 1997)

CCI = coronary catheter intervention
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Clinical Implications
The provisional or conditional stent-usage option
(“stent only if certain operative criteria cannot be
achieved by balloon-CCI alone”) has been pursued on
the basis of parameters obtained in prospective studies
involving coronary angiography, 5,14-16 IVUS,17,18 pres-
sure wires,19 or Doppler measurement of flow veloci-
ty. 20-22 Despite their small size, these studies suggest
that such a strategy is unlikely to be cost-efficient:
when compared with routine stent-CCI, a policy of
provisional stenting results in minor early savings that
are outweighed by late increased costs for treating a
heightened rate of restenosis.15

Indeed, in our study, routine stent-CCI had signif-
icant advantages in the treatment of a large, mixed-
risk population of patients at a single institution.
Since 1994, when initial investigations were reported
concerning coronary stent usage in limited and well-
defined subsets of patients,3,4 the indications have
been widely extended in clinical practice. Today, it
seems reasonable to reiterate that CCI in vessels mea-
suring at least 3 mm in diameter should generally 
include the use of stents. The search for specific 
indications for stand-alone balloon-CCI seems futile
and, at best, worth pursuing only for limited sub-
groups of lesions (for example, those treatable with
the newer antiplatelet regimens as adjuncts to bal-
loon-CCI).7,23,24

Our experience confirms that coronary stents do
not prevent the generation of restenotic tissue per se.
Rather, they prevent elastic recoil, which is a major
cause of restenosis after balloon-CCI.25 By providing
a larger, more stable, initial luminal opening, stents
decrease the incidence of early complications and of
redo revascularization at 6 months.

Limitations of Our Study
Our study is based on an observational, retrospective
analysis of prospectively collected data. Therefore, it
lacks the advantages of the strict experimental condi-
tions seen in prospective randomized trials (clearly set
indications and contraindications, uniform procedur-
al protocols, and operator performance criteria). Also,
the study is weakened by the lack of complete follow-
up information and of objective, precise (angiograph-
ic or IVUS) evaluation at 6 months. With respect to
in-hospital events, the completeness of parameter
entry into our database was 100%. With respect to 6-
month follow-up, the completeness was 80% for the
written questionnaire but was probably higher for
“events requiring hospitalization.” All of the events
that required hospitalization at St. Luke’s Episcopal
Hospital were accounted for, but some patients may
have been referred to other centers. Nevertheless, our
study includes a wide variety of clinical conditions
and anatomic/functional subgroups, and it involves a

3) The efficiency (success rate) of CCI improved
globally. The early angiographic success rate increased
from 89.3% to 97.1% (Fig. 4).

4) After the introduction of coronary stents, the
stability of the early results of CCI greatly improved,
as evidenced by decreased in-hospital morbidity and
mortality and by an increased clinical success rate
(from 82.2% to 92.1%) (Fig. 4).

5) The need for emergent or urgent (same-day) sur-
gical revascularization for failed angioplasty decreased
by 70% (from 1.0% to 0.3%). 

6) The in-hospital mortality rate after CCI de-
creased by 40% (from 1.65% to 0.99%) (Fig. 7). After
adjustment for risk stratification, in-hospital mortal-
ity was found to have decreased by 50% (Table III).

7) The in-hospital and 6-month MI rates did not
change significantly, but the global rate of freedom
from major events during the first 6 months clearly
increased, from 77.2% to 85.1% (Fig. 5). When these
results were adjusted for risk, the combined major car-
diac event rate was found to have decreased by 55%
in the hospital and 42% at 6 months (Table III).

8) In particular, the incidence of redo revascular-
ization decreased significantly during the first 6 post-
operative months, from 19.6% to 10.7% for the
overall group of CCI. After stent-CCI in the 1997
population, the incidence was 7.7% (lower than for
any other type of CCI). When adjusted for risk, the
6-month rate of redo revascularization decreased by
42% (Table III).

Previous Reports
Using data from the large Palmaz-Schatz stent reg-
istry, Ellis and coworkers10 reported on restenosis
rates, but that early report (1992) concerned indica-
tions and technical circumstances that were quite dif-
ferent from ours. More recently, the literature has
presented studies similar to ours, concerning “real-
world” repercussions of the introduction of stenting
into clinical practice. Schunkert,8 McGrath,9 Alt-
mann,11 Farshid,12 and their associates have confirmed
the same impressive decrease in redo revascularization
after the progressive enactment of a policy of general
stent use.

The report that most resembles ours appears to be
the multicenter British Columbia survey published
by Rankin and coworkers,13 which analyzes their ex-
perience from April 1994 through 1997 and includes
1-year follow-up results. Their rate of stent use in-
creased (from 14.2% to 58.7%) in a manner similar
to ours, but the improvements in the early morbidity
(MI, emergency surgery) and mortality rates were
more dramatic in our population. In Rankin’s survey,
the 1-year mortality rate did not change significantly
over the study period; likewise, our 6-month mortal-
ity rate remained stable, at about 3%.
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real-world analysis of a large, relatively stable popula-
tion, which has been under the care of the same group
of cardiologists for many years at a single institution.
We believe that these advantages may compensate for
the aforementioned methodologic inadequacies and
that our data may complement the findings from
smaller, controlled, prospective studies.

For a control group, we used our own balloon-CCI
patients instead of those in the National Heart, Lung,
and Blood Institute registry, 26 the most frequently
used historical control group for the assessment of
new devices. We believe that a cohort of patients who
underwent “almost contemporary” CCI during the
pre-stent period, at the same institution and by the
same physicians, was a better control group for our
study.

We were unable to clearly define the stent-when-
feasible concept. As of 1997, it was probably still evolv-
ing. The main technical limitation of stent use is 
coronary luminal size: the 3.0-mm limit is based on
preliminary experience2 and the fact that only 3.0- and
3.5-mm stents were initially available. As experience
has grown over the years, operators’ aggressiveness has
increased, and the early and mid-term outcomes have
been encouraging. In our study, the only measure of
our operators’ aggressiveness in 1997 is the fact that
stent-CCI accounted for 72.5% of the total number of
CCI. In 1999, because of improved stent design and
the advent of 2.25- and 2.50-mm stents, some of our
operators used stents in 85% of their cases.

Our clinical-outcome analysis implies that stent use
alone was responsible for beneficial changes observed
during the study period. It is possible (but not ame-
nable to proof except by an ad hoc prospective study)
that other factors such as operator experience or new-
er medication protocols23,24 could also have signifi-
cantly affected the in-hospital outcomes, but these
were unlikely to have affected our 6-month results.* 

Cost issues were not addressed by our study, but
they would surely be relevant to a final judgment
concerning the merits of any CCI device. Earlier
studies have suggested that the cost of stents is defi-
nitely justified by the lower restenosis and complica-
tion rates associated with these devices.27 Treatment
of in-stent restenosis may be more problematic than

treatment of post-balloon-CCI restenosis.28,29 So far,
only local brachytherapy seems to promise consis-
tently favorable short-term results for the treatment
of in-stent obstruction,30 but the late results of radia-
tion may limit the early optimism. The possibility of
late unfavorable consequences many years after the
introduction of a stent into a coronary artery cannot
be discounted on the basis of the limited currently
available information.31,32 For these reasons, caution is
still necessary in extending the indications for stent
utilization.

Conclusions

The introduction of a “stent-when-feasible” policy at
our institution has resulted in a dramatic decrease in
adverse early and late events after CCI: both early
success rates and 6-month adverse event rates support
routine stenting of obstructed coronary arteries that
have a diameter of at least 3 mm. This observation in
a large, “real-world” population also may have im-
portant implications regarding the need for routine
surgical standby during CCI.33
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