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A doption of innovations in medical technologies presents nu-
merous challenges. Pivotal randomized trials are performed in 
highly selected patients under tightly controlled circumstances. 

As new technologies diffuse into general practice, assessment of clinical 
efficacy and safety as well as expenses is necessary. Drug-eluting stents 
(DES) present a particular challenge given their rapidity of adoption by 
the cardiology community as the preferred percutaneous coronary inter-
vention (PCI) treatment modality.1-8 Acquisition costs of DES are high-
er than those of the previously used bare-metal stents (BMS), but may 
be offset by fewer repeat procedures in clinical trials. The impact of DES 
on the overall interventional cardiology practice is not well understood, 
particularly from the provider’s perspective, and controversy continues 
over the efficacy, safety, and cost-effectiveness of this technology.1, 8-13 

Trial-based economic analyses have assessed the cost-effectiveness of 
DES, but these analyses have significant limitations.14-17 For example, 
trials focus on DES versus BMS comparisons, whereas in clinical practice 
patients and devices are selected by operators based on clinical circum-
stances. Trial-based analyses restricted to DES versus BMS fail to take 
into account the proportion of patients with lesions who do not receive 
stents, and do not include patients that receive DES for so-called “off-
label” indications in day-to-day clinical practice.1 Although analyses of 
use among patients at higher risk in practice settings are emerging,18-24 
economic analyses of the impact of the introduction of new technolo-
gies such as DES on overall clinical practice are limited. Whether DES 
can be introduced into a busy interventional practice in a cost-effective 
manner remains uncertain. Therefore, we assessed clinical and econom-
ic outcomes of all PCI procedures in a general interventional practice 
encompassing time periods before and after introduction of DES. We 
hypothesized that expensive new technologies such as DES can be intro-
duced while managing and maintaining overall costs and expenses. 

METHODS
Study Design and Sample

All patients undergoing PCI at the Mayo Clinic are prospectively 
followed according to a well-established protocol, the Mayo Clinic 
PCI registry.25 This database con-
tains demographic, clinical, angio-
graphic, and outcome data, as well as 
follow-up hospitalization information. 
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Background: In clinical trials, drug-eluting stents 
(DES) improve clinical outcomes but are more 
expensive than bare-metal stents (BMS).

Objective: To assess clinical and economic 
outcomes of all percutaneous coronary interven-
tion (PCI) procedures in a general interventional 
cardiology practice before and after DES introduc-
tion in 2003.

Methods: We identified all patients undergoing 
PCI in 2000-2002 (early cohort, pre-DES era) and 
from 2004 through April 31, 2006 (late cohort, 
DES era) in a large PCI registry. Logistic and Cox 
proportional hazard models estimated the risk 
of adverse events; generalized linear modeling 
predicted economic outcomes. 

Results: We compared 4303 early-cohort patients 
with 3422 late-cohort patients. Most early-cohort 
patients (90%) had BMS implanted; the rest had 
atherectomy or balloon angioplasty only. Among 
late-cohort patients, 83% had DES, 14% BMS, 
and 6% balloon angioplasty or atherectomy only. 
In-hospital adverse-event rates and incidence of 
death or myocardial infarction (during a median 
follow-up of 22 months) were similar. Follow-up 
procedures were significantly fewer in the later 
era (hazard ratio for target lesion revasculariza-
tion: 0.58; 95% confidence interval [CI], 0.50- 
0.68). Although catheterization lab supply costs 
were higher in the DES era, length of stay  
following index PCI and overall practice costs 
were reduced, on average, 0.40 days and $2053  
in the late cohort (95% bootstrapped CI of  
adjusted mean difference, −$2937 to −$1197). 
Follow-up cardiac hospitalization costs were 
similar at 1 year. 

Conclusions: Patients undergoing PCI following 
DES introduction experienced improved clinical 
outcomes during follow-up and reduced overall 
procedural costs, despite higher stent acquisition 
costs.
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Patients are interviewed in person or by 
telephone at 6 and 12 months after the 
procedure and yearly thereafter to assess 
follow-up events. For cardiac-related hos-
pitalizations that occur outside our local 
setting, discharge summaries are obtained 
and abstracted. 

Drug-eluting stents became commer-
cially available in the United States in March 2003. Because 
2003 was a transitional year from BMS to DES, we compared 
outcomes among all patients undergoing PCI from January 
1, 2004, through April 31, 2006 (late cohort, DES era) with 
all patients treated from January 1, 2000, through December 
31, 2002 (early cohort, pre-DES era). To gain the best per-
spective on the impact of DES introduction on the overall 
practice, no specific patient subsets were excluded, such as 
those treated with balloon angioplasty alone or those with 
high-risk disease such as myocardial infarction (MI) and car-
diogenic shock. Procedures were performed as previously de-
scribed, all with overnight stays.26 Patients who underwent 
multiple procedures had the initial procedure within each 
time period analyzed, and follow-up procedures were clas-
sified as adverse events. As required by State of Minnesota 
statute, we excluded patients who refused consent for medical 
records research.

Setting
The Mayo Clinic is an integrated healthcare delivery 

system, in which physicians are salaried and physician and 
administrative leaders are accountable for both professional 
and technical costs. We have previously described our man-
agement responses to economic pressures caused by falling 
reimbursements. These led to a number of active ongoing 
cost-containment strategies.27 Briefly, these included devel-
opment of preferred supplier relationships, critical analyses 
of utilization (particularly high-cost supply items), analyses 
of processes of care, and elimination of non–value-added 
utilization. For example, use of smaller vascular access 
sheaths, increased use of transradial access, fewer prolonged 
glycoprotein inhibitor infusions, and virtual elimination of 
routine postprocedure heparin infusions led to earlier am-
bulation. Case mix also changed, with gradual elimination 
of vascular brachytherapy and expansion of primary PCI for 
MI. Acquisition costs for ancillary supplies such as balloons, 
wires, and guiding catheters are continuously and vigorously 
negotiated using competitive bidding processes.

Outcomes Measures
Clinical outcomes of interest included procedural success 

(defined as <50% residual stenosis and without in-hospital 

death, Q-wave MI, or coronary artery bypass surgery), in-
hospital death, any MI, stroke, or target lesion revasculariza-
tion; and target lesion failure rates during follow-up (defined 
as death, MI, or target lesion revascularization). We defined 
MI as the presence of any 2 of the following: an episode of 
angina lasting >20 minutes, a rise in the serum creatine ki-
nase or creatine kinase MB isoenzyme concentration greater 
than 2-fold, or ST-segment changes or new Q-waves on se-
rial electrocardiograms indicative of myocardial damage. The 
Mayo Clinic Risk Score was used to assess the risk profile of 
treated patients.28 

Economic analyses were conducted from the provider per-
spective and focused on direct costs associated with the index 
PCI (procedural costs) as well as postprocedural length of stay 
(LOS) (days from procedure to hospital discharge date). The 
rate of cardiac-related hospitalizations and associated costs 
also was assessed during 1 year following initial PCI (follow-
up costs). 

Procedural Costs. We used administrative data to track 
hospital and physician service use and related expenditures 
for index PCI episodes. Utilization was valued using standard 
methods by grouping services into the Medicare Part A and 
Part B classification. Part A billed charges were adjusted us-
ing department level hospital cost-to-charge ratios and wage 
indexes. Part B physician service costs were proxied based on 
Medicare reimbursement rates. 

Follow-up Costs. To value cardiac hospitalizations dur-
ing follow-up, we matched observed procedure and diagnosis 
combinations to episodes of similar case mix occurring in the 
2004 Nationwide Inpatient Sample. Sponsored by the US 
Agency for Healthcare Research and Quality, the Nation-
wide Inpatient Sample contains data from approximately 8 
million hospital stays each year, including estimated hospital 
(nonphysician) costs.29 All costs presented have been adjust-
ed to reflect 2007 constant dollars.

Statistical Analysis
Continuous data are summarized as mean ± standard devi-

ation. Discrete data are presented as frequency (percentage). 
Patient characteristics and observed in-hospital clinical out-
comes were compared using the t test for continuous data, the 
Mann-Whitney rank sum test for ordinal data, and Pearson’s 

Take-Away Points
We assessed clinical and economic outcomes of all percutaneous coronary intervention 
procedures before and after introduction of drug-eluting stents (DES) in 2003.

n	 The DES era was associated with improved clinical outcomes during follow-up and 
with reduced in-hospital costs.

n	 These data suggest that costly new technologies can be introduced into a general 
practice setting while maintaining and improving patient outcomes and overall cost 
structures.
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4% had preprocedural shock; and roughly 16% had a history 
of congestive heart failure. About a quarter of patients were 
diabetic, and 18% were current smokers. The Mayo Clinic 
Risk Scores were similar between cohorts. 

The vast majority of PCIs (70%) were performed for ur-
gent or emergent indications on inpatients. Bare-metal stents 
were used in 90% of cases of early-cohort patients; the re-
mainder had balloon angioplasty alone. In the late cohort, 
however, DES were used in 83% of cases, BMS in 14%, and 
balloon angioplasty alone in 5%. Utilization of glycoprotein 
2b/3a inhibitors fell from 65% in the early cohort to 56% in 
the late cohort (P <.001) as the rate of dual oral antiplatelet 
therapy increased.

Observed Outcomes
Observed in-hospital clinical outcomes by treatment era 

are shown in Table 2. Procedural success was obtained in 95% 
of cases in both time periods, and postprocedural thrombolysis 
in myocardial infarction 3 flow (normal antegrade flow) in all 
treated lesions was obtained in 94% and 95% of the early and 
late cohorts, respectively (P = .019). In-hospital deaths rates 
were similar between groups, with death occurring in fewer 
than 2% of cases. In-hospital MI occurred in 5% and 4% of 
the early and late cohorts, respectively (P = .005), and in-hos-
pital bypass surgery was required in 1% of cases in both time 
periods. The incidence of in-hospital death, MI, and target 
lesion revascularization was 7% of cases in both cohorts. 

The median duration of follow-up for adverse clinical 
events was 28 months and 14 months for the early and late 
cohorts, respectively; 93% of patients had been contacted in 
the year prior to freezing the data for analysis and 98.5% had 
been contacted in the prior 2 years.

The Kaplan-Meier estimated all-cause mortality at 24 
months was 9.0% in both groups, and the cumulative inci-
dence of death or MI was 17% in both (P = .41). As shown 
in Figure 1, target lesion revascularization rates were re-
duced among patients treated in the later era (16% vs 9%; 
P <.001). 

Incomplete data and late research authorization denials 
forced the exclusion of 48 patients from economic analysis, 
leaving 4271 early-cohort and 3412 late-cohort patients for 
cost analyses. Observed hospital costs were similar between 
eras ($13,724 early vs $13,029 late cohort; P = .08). Mean 
costs associated with catheterization lab–related supplies 
(which includes stents) were a mean of $684 higher in the 
cohort ($3115 vs $3799; P <.001). Higher catheterization 
lab supply costs were partially offset by nonsupply cath-
eterization lab costs which were, on average, $389 lower in 
the late cohort ($6078 vs $5689; P <.001). Because of the 
overall impact of expense management strategies, the total 

χ2 test for categorical data, as appropriate. Kaplan-Meier es-
timated adverse-event rates during follow-up were compared 
using the log rank test. Follow-up began at the time of PCI 
and included in-hospital events.

We used propensity score methods to account for observed 
potential confounding factors.30,31 Logistic regression estimat-
ed the probability (propensity score) that a patient was from 
the DES-era group given clinical and angiographic character-
istics. We included variables whose unadjusted associations 
with time era were significant at the .15 level. Patients with 
propensity scores outside the range common to both eras were 
excluded from propensity-score–adjusted analyses. Five pro-
pensity score strata of nearly equal size were defined.

We used logistic regression to estimate adjusted odds 
ratios (ORs) for in-hospital events and Cox proportional 
hazard models to estimate the hazard for adverse events dur-
ing follow-up within stratum. These 5 estimates were then 
combined using an inverse-variance weighted average. The 
resulting estimate and its confidence interval (CI) were expo-
nentiated back to the OR or hazard ratio (HR) scale.

Observed costs and LOS were compared using t tests 
and nonparametric bootstrapped CIs.32,33 Generalized linear 
modeling assessed the impact of treatment era on in-hospital 
costs34 and assumed a logarithmic link function and a gamma, 
inverse Gaussian, or Poisson distribution based on the modi-
fied Park test recommended by Manning and Mullahy.35 We 
assumed a negative binomial distribution function with log 
link in the model assessing LOS. 

The effect of time era on hospitalization rates and costs 
during the year of follow-up were assessed using 2-part models 
to account for the overabundance of zero values.36 For the 
2-part model specifications, logistic regression was used in 
part 1 to estimate the probability of experiencing hospital-
ization (or costs) conditional on patient characteristics; part 
2 used either a Poisson specification to assess hospitalization 
rates (among those with events) or an inverse Gaussian distri-
bution function with log link in cost models. Models adjusted 
for person weights to account for right censoring of data. All 
statistical tests were 2-sided, and P values less than .05 were 
considered significant. SAS version 9.1 (SAS Institute Inc, 
Cary, NC) was used in the analyses.

RESULTS
We identified 4303 early-cohort patients and 3422 late-

cohort patients undergoing PCI. Baseline characteristics are 
outlined in Table 1. The mean age of patients undergoing 
PCI was about 67 years, and 70% were male. More than half 
(57%) had previously experienced an MI, including a sub-
stantial proportion in the week prior to the index procedure; 
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mean direct costs and hos-
pital LOS were reduced by 
approximately $1000 and 
0.23 days, respectively, for 
patients treated in the DES 
era (total costs: $17,381 vs 
$16,270; bootstrapped 95% 
CI, −$1958 to −$397). 

Adjusted Analyses
Excluded from the pro-

pensity score classification 
because of extreme scores 
were 8 late-cohort and 21 
early-cohort patients, leav-
ing 3414 late-cohort and 
4282 early-cohort PCIs for 
strata-adjusted comparison. 
Patient characteristics were 
similar between cohorts 
within strata. 

The adjusted incidence of 
in-hospital death was similar 
in both cohorts (OR, 1.07; 
95% CI, 0.74-1.56; P = .71), 
although a trend toward 
lower in-hospital MI in the 
late cohort was noted (OR, 
0.79; 95% CI, 0.62- 1.00; P 
= .055). The incidence of in-
hospital death, Q-wave MI, 
emergency bypass surgery, or 
stroke was similar between 
early and late cohorts (OR, 
1.09; 95% CI, 0.81-1.46; P 
= .58). In subgroup analysis, 
lower rates of in-hospital MI 
were observed in the late co-
hort among individuals age 
>70 years (OR, 0.65; 95% 
CI, 0.47-0.90; P = .01) and 
diabetics (OR, 0.58; 95% 
CI, 0.37- 0.93; P = . 023).  

Similar death rates during follow-up were observed in 
both cohorts HR, 0.97; 95% CI, 0.81-1.15; P = .70). The 
incidence of death or MI during follow-up also was similar 
(HR, 0.93; 95% CI, 0.82-1.05; P = .24). The long-term inci-
dence of death, MI, or target lesion revascularization, how-
ever, was significantly reduced in the late cohort (HR, 0.80; 
95% CI, 0.72-0.88; P <.001). As shown in Figure 2, every 

patient subgroup considered had significantly reduced rates 
of target lesion revascularization during follow-up except 
those with a final device size greater than 3.5 mm. There 
were no significant differences in frequency of staged pro-
cedures that might have influenced results. There were 59 
staged PCIs in the early cohort (1.4%) and 64 (1.9%) in the 
late cohort (P = .084).

n Table 1. Demographic, Clinical, Angiographic, and Procedural Characteristicsa

 
Variable

Early Cohort  
(n = 4303)

Late Cohort  
(n = 3422)

 
P

Age, mean ± SD, y  66.8 ± 12.1  66.9 ± 12.3 .93

Male 3001 (70) 2376 (69) .77

Body mass index, mean ± SD, kg/m2 29.7 ± 5.8 29.8 ± 5.8 .78

Unstable angina 2462 (57) 1752 (51) <.001

Most recent MI .16

  <24 h 785 (19) 725 (22)

  1-7 days 652 (15) 501 (15)

  >7 days 991 (23) 698 (21)

  Never 1797 (43) 1440 (43)

Preprocedural shock 189 (4) 140 (4) .51

Urgency of PCI <.001

Elective 1440 (33) 955 (28)

Urgent 2000 (47) 1754 (51)

Emergency 860 (20) 713 (21)

CHF status .003

  Never 3246 (83) 2806 (85)

  Previous 176 (4) 102 (3)

  Current 509 (13) 383 (12)

Diabetes 1042 (24) 922 (27) .007

Hypertension 2943 (72) 2511 (77) <.001

Peripheral vascular disease 414 (10) 350 (10) .55

Moderate/severe renal diseaseb 133 (3) 138 (4) .024

Smoking status .003

  Never 1476 (35) 1201 (37)

  Former 2040 (48) 1452 (44)

  Current 731 (17) 625 (19)

Prior MI (>7 days) 1286 (30) 903 (27) .001

Prior PCI 1116 (26) 949 (28) .08

Prior CABG 899 (21) 710 (21) .89

Canadian Heart Class (III, IV, V) 2260 (53) 1701 (50) .014

Mayo Clinic Risk Score, mean ± SD 6.6 ± 3.0 6.5 ± 2.8 .34

Number of diseased vessels (70/70 definition)c <.001

  0 87 (2) 89 (3)

  1 1873 (46) 1569 (50)

  2 1396 (34) 1012 (32)

  3 706 (17) 462 (15)

(Continued)
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With the exception of catheterization lab supply costs, all 
adjusted procedural cost analyses suggest savings in the late 
compared with the early cohort (Table 3). Models predicted an 
incremental hospital cost savings of $1375 and a physician cost 
savings of $619, on average, in the late cohort. Total costs asso-
ciated with the index PCI were estimated to be approximately 
$2000 lower for late-cohort patients ($19,111 vs $17,058; 95% 
CI, −$2937 to  −$1197). Procedural cost savings were pre-
dicted for all patient subgroups considered except those with 

a maximum final device size 
less than 2.5 mm. 

The predicted rate of 
cardiac-related hospitaliza-
tions during 1-year follow-
up was similar in both 
cohorts (0.36 vs 0.36; 95% 
CI, −0.019 to  0.0002). 
Hospital costs associated 
with these episodes also 
were similar in adjusted 
analyses ($6817 early co-
hort vs $6984 late cohort; 
95% CI, −$59 to $387). 

DISCUSSION
Our analysis attempts to 

address whether expensive 
new technologies, such as 
DES, can be introduced 
into clinical practice while 
maintaining overall pro-
cedural cost structure. A 
practice-based analysis is 
needed for a number of rea-
sons. Patients enrolled in 
randomized trials frequently 
are not representative of the 
population in whom tech-
nologies are subsequently 
applied. As a result, these 
trials fail to capture the 
clinical and economic im-
pacts of new technologies on 
the overall population of pa-
tients ultimately treated with 
new devices. By including all 
patients in the pre-DES and 
post-DES eras and assessing 
clinical as well as economic 

outcomes, we attempted to minimize biases and to gauge 
the complete impact of DES technology introduction on 
interventional practice. We found that the incidence of in-
hospital major adverse cardiac events was similar between 
eras, and the incidence of death or MI during long-term 
follow-up also was similar between eras. However, need for 
target lesion revascularization was significantly reduced in 
the post-DES era. Total in-hospital cost of the index coro-
nary interventional procedures was lower in the post-DES 

n Table 1. Demographic, Clinical, Angiographic, and Procedural Characteristicsa  

(Continued)

 
Variable

Early Cohort  
(n = 4303)

Late Cohort  
(n = 3422)

 
  P

Worst lesion type <.001

  A 131 (3) 62 (2)

  B1 727 (19) 524 (17)

  B2 1404 (36) 1000 (32)

  C 1644 (42) 1565 (50)

Worst angulation in any lesion <.001

  None 896 (22) 600 (18)

  Mild 2238 (55) 1475 (45)

  Moderate 819 (20) 1066 (33)

  Severe 121 (3) 133 (4)

Thrombus in lesion 1201 (30) 835 (26) <.001

Calcified artery 1300 (33) 1214 (46) <.001

TIMI flow = 0 preprocedure 525 (17) 493 (20) .014

LAD treatment 1963 (46) 1587 (46) .50

LM treatment 86 (2) 104 (3) .003

RCA treatment 1729 (40) 1322 (39) .17

LCX treatment 1378 (32) 1069 (31) .47

Vein graft intervention 346 (8) 238 (7) .07

Maximum device size, mean ± SD, mm 3.4 ± 0.7 3.3 ± 0.6 <.001

Number of segments treated, mean ± SD 1.5 ± 0.8 1.5 ± 0.7 .10

Number of vessels treated .34

  1 3542 (82) 2844 (83)

  2 689 (16) 525 (15)

  3 72 (2) 52 (2)

Number of stents placed, mean ± SD 1.5 ± 1.1 1.5 ± 1.0 .37

DES used 2833 (83)

BMS used 3853 (90) 476 (14) <.001

Glycoprotein 2b/3a use 2819 (65) 1908 (56) <.001

Balloon only 315 (7) 161 (5) <.001

Atherectomy 111 (3) 57 (2) .006

BMS indicates bare-metal stent; CABG, coronary artery bypass graft; CHF, congestive heart failure; DES, drug-
eluting stent; LAD, left anterior descending; LCX, left circumflex; LM, left main; MI, myocardial infarction; PCI, 
percutaneous coronary intervention; RCA, right coronary artery; TIMI, Thrombolysis In Myocardial Infarction. 
aFor variables with missing data, the percentages were determined from the available data. Values are number 
(percentage) unless indicated otherwise.  
bModerate/severe renal disease was defined as serum creatinine >3 mg/dL. 
cNumber of diseased vessels with at least 1 vessel having >70% stenosis and subsequent vessels with at 
least >70% stenosis; the LM and LAD vessels were counted as 1 vessel.
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era, despite higher stent acqui-
sition costs reflecting aggres-
sive management strategies to 
contain costs. The rate of car-
diac hospitalizations during 
follow-up and the estimated 
associated costs were statisti-
cally similar between the pre-
DES and post-DES eras. 

Two recent observational 
analyses also assessed clinical 
outcomes following coronary 
artery stenting in eras before 
and after DES availability and 
similarly found the widespread 
adoption of DES to be associ-
ated with reduced revascular-
ization rates and comparable 
death rates.21,24 However, nei-
ther study investigated the 
economic impact of DES up-
take.21,24 A number of trial-
based economic analyses have 
been conducted comparing 
patients receiving DES ver-
sus BMS.14-17 In general, these 
studies suggest that although 
use of DES is not cost sav-
ing compared with the use of 
BMS, this technology provides 
good value for money spent. 
Recently, Groeneveld and col-
leagues observationally com-
pared total costs of care among 
Medicare beneficiaries and 
found increased costs initially 
with DES compared with BMS 
use. However, this cumulative 
cost difference narrowed dur-
ing 1 year following PCI.23 It 
is important to note that we 
focused on the economic im-
plications of DES availability 
for the entire PCI patient population, not just on pure stent 
subsets. Despite the higher acquisition cost of DES compared 
with BMS, we found initial procedural cost savings, suggest-
ing that new technologies can be adopted if overall practice-
based expenses are carefully managed.

 The fact that procedural costs fell despite the higher 
DES acquisition costs was noteworthy, and there are mul-

tiple reasons for this change. Stent acquisition costs are 
merely one component of in-hospital costs. Advances in 
technology and increasing experience have resulted in a 
temporal improvement in the outcomes of PCI procedures 
and reduction in complications, such as need for emergency 
coronary artery bypass surgery and declining LOS.37 Simul-
taneous with the introduction of DES, supply acquisition 

n Figure 1. Kaplan-Meier Survival Curve Relating Treatment Era to Time to Target 
Lesion Failure

n Table 2. Observed In-Hospital Clinical Outcomes 
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DES indicates drug-eluting stent; MI, myocardial infarction; PCI, percutaneous coronary intervention; TLR, 
target lesion revascularization.

No. (%)

 
Variable

Early Cohort  
(n = 4303)

Late Cohort  
(n = 3422)

 
P

Death 72 (2) 63 (2) .58

Any MI 215 (5) 126 (4) .005

Any Q-wave MI 12 (0) 8 (0) .70

CABG 32 (1) 29 (1) .61

Stroke 22 (1) 20 (1) .66

Death/any MI/TLRa 305 (7) 223 (7) .32

TIMI flow = 3 postprocedure 3859 (94) 3130 (95) .019

Procedural successb 4102 (95) 3245 (95) .31

CABG indicates coronary artery bypass graft; MI, myocardial infarction; PCI, percutaneous coronary inter-
vention; TIMI, thrombolysis in myocardial infarction; TLR, target lesion revascularization; Q-wave MI, new 
Q-waves on serial electrocardiograms indicative of myocardial damage. 
aTarget lesion revascularization (CABG or re-PCI). 
bProcedural success defined as <50% residual stenosis and without in-hospital death, Q-wave MI, or CABG.
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costs for other items, such as BMS, angioplasty balloons, 
sheaths, and wires, also fell in response to market pressures 
and competitive bidding. Our institution actively engages in 
practice evaluation and process improvement aimed at opti-
mizing resource consumption for PCI procedures.27 Resource 
utilization clinically felt not to be contributory to outcomes 
is targeted for elimination or reduction. The net effect of this 
comprehensive practice management was to offset the higher 
acquisition costs of DES. 

Limitations
Our analysis has a number of impor-

tant limitations. Because of its retrospec-
tive nature, patients obviously could not 
be randomly assigned to time eras, and 
the usual limitations of this design are 
relevant. It is possible, though not likely, 
that selection bias may have resulted in 
a significant shift in the type of patients 
being selected for PCI. If a higher propor-
tion of lower risk patients were selected 
for PCI in the DES era, that may have in-
fluenced the results. The data, specifically 
the Mayo Clinic Risk Score, however, do 
not suggest this, and indeed case mix has 
been steadily evolving toward higher risk 
and older patients.38 Additionally, we had 
detailed resource utilization data for the 
initial PCI episode, but relied on second-
ary administrative data and gross costing 
methods to value cardiac-related hospi-
talizations during follow-up. It remains 
unclear to what extent this valuation 
approach impacted our findings. Outpa-
tient costs, particularly for prolonged dual 
antiplatelet therapy following DES im-

plantation, were not considered. Finally, our study reflects the 
experience of a single, high-volume referral center. Patients 
and results may differ in other centers and practice settings. 

CONCLUSION
In a large consecutive series, DES technology was intro-

duced while maintaining or reducing the overall costs of PCI. 
The DES era was associated with improved clinical outcomes 

n Figure 2. Plot of Adjusted Hazard Ratios (With 95% CIs) for Adverse 
Events During Follow-Up: Pre-DES Era Versus DES Eraa 

n Table 3. Adjusted Economic Outcomes of Percutaneous Coronary Interventiona

1/21/4 1.0

Hazard Ratio

2.0 4.0

Age 70 y

Age <70 y

Men

Women

Diabetics

Current smokers

Multivessel disease

Nonelective PCI

Device size ≤2.5 mm

Device size 2.6-3.0 mm

Device size 3.1-3.5 mm

Device size >3.5 mm

Treatment in LAD artery

CI indicates confidence interval; DES, drug-eluting stent; LAD, left anterior descending; MI, 
myocardial infarction; PCI, percutaneous coronary intervention.
aFour different end points are displayed for each subgroup: black represents mortality, orange 
represents the composite of death or MI, blue represents target lesion revascularization, and 
violet represents the composite of death, MI, or target lesion revascularization.

 
End Point

Early Cohort  
 (n = 4271)

Late Cohort  
 (n = 3412)

  Mean Difference  
  (95% CI)b

Total procedural costs $19,111 $17,058 −$2053 (−$2937 to −$1197)

Hospital costs $14,576 $13,021 −$1375 (−$1964 to −$795)

  Cardiac catheterization lab, total $6131 $5628 −$504 (−$560 to −$447)

  Cardiac catheterization lab supplies $3158 $3736 $578 ($519 to $637)

Physician costs $3812 $3194 −$619 (−$675 to −$562)

Postprocedural LOS (days)c 2.78 2.38 −0.40 (−0.55 to −0.24)

Cardiac hospitalization costs during follow-upc $6817 $6984 $167 (−$59 to $387)

CI indicates confidence interval; LOS, length of stay. 
aMean costs per patient in 2007 constant dollars. 
bBootstrap 95% CI using the percentile method.  
cAnalyses of LOS and costs during follow-up excluded in-hospital deaths, with a resulting sample of 4200 early-era and 3349 late-era patients.
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during follow-up and with reduced in-hospital costs. These 
data suggest that costly new technologies can be introduced 
into a general practice setting while maintaining and improv-
ing patient outcomes and overall cost structures. 
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