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pear to be used in patients who differ from those in clinical
trials, and even in patients traditionally referred for coronary artery bypass graft (CABG) surgery.1–5 Although traditional factors associated with the adoption of new technologies have certainly played an important role here,
system-wide financial and organizational incentives may
also be influencing the use of drug-eluting stents in PCI.
We conducted a study to examine the association between
the acquisition and use of drug-eluting stents in the Italian
Servizio Sanitario Nazionale (SSN), a national health care system in which both public and private health care facilities receive public financing, and hospital ownership (public v. private for-profit), hospital payment structure (diagnosis-related
group [DRG]-based prospective payment system v. full-cost reimbursement) and organizational characteristics (the availability of on-site cardiac surgery facilities).
The timing of this study is particularly relevant, given the
current debate on increasing the role of private facilities in
publicly funded health care in the United Kingdom6 and
Canada.7 It is generally assumed that new medical technologies are adopted too quickly and used too frequently in private
health care systems, as a form of non-price competition.8 In
contrast, the late adoption and underuse of new technologies
is the traditional Achilles heel of public health care systems.
However, although the costs and patient outcomes in public
and private hospitals have been extensively debated,9–11 little
is known about the influence of hospital ownership status on
the adoption and use of new medical technologies.

Abstract
Background: The impact of the use of drug-eluting stents in
percutaneous coronary intervention (PCI) on cardiac care is
still uncertain. We examined the influence of systemic factors, such as hospital ownership status, organizational characteristics and payment structure, on the use of drug-eluting
stents in PCI and the effect on cardiac surgery volume.
Methods: We conducted a cross-sectional analysis of drugeluting stent use in 12 993 patients undergoing PCI with
stenting (drug-eluting or bare-metal) and time-series regression analyses of the monthly number of cardiac surgery and
PCI procedures performed using data collected from 1998 to
2004 at 13 public and private hospitals in the Emilia-Romagna
region of Italy.
Results: Public hospitals used drug-eluting stents more selectively than private hospitals, targeting the new device to patients at high risk of adverse events. The time-series regression
analyses showed that the number of PCI procedures performed per year increased during this period, both in public
(slope coefficient 36.4, 95% confidence interval [CI] 30.2 to
43.1) and private centres (slope coefficient 6.4, 95% CI 3.1 to
9.2 ). Concurrently, there was a reduction in the number of isolated coronary artery bypass graft (CABG) surgeries, although
the degree of change was higher in public than in private hospitals (coefficient –16.1 v. –6.2 respectively ). The number of
CABG procedures associated with valve surgery decreased in
public hospitals (coefficient –5.0, 95% CI –6.1 to –3.8) but increased in private hospitals (coefficient 4.1, 95% CI 2.0 to 6.1).

Methods
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Interpretation: Public and private hospitals behaved differently
in adopting drug-eluting stents and in using PCI with drugeluting stents as a substitute for surgical revascularization.

The health care system in Italy is similar to the UK system,
with universal access and comprehensive coverage in a publicly funded system in which care is provided by both public
and private facilities.12 In Italy, the responsibility for health
care delivery rests within each region with the publicly funded
Aziende Sanitarie Locali (ASLs). Public hospitals are directly
managed by the ASLs, excluding those that have either teaching status or provide tertiary care. Teaching hospitals and tertiary care hospitals are managed by Aziende Ospedaliere
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he use of drug-eluting stents in percutaneous coronary intervention (PCI) is shaping a new pattern of
care for patients with coronary artery disease. For example, in routine clinical practice drug-eluting stents ap-
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(AOs), semi-independent public enterprises that are similar
to hospital trusts in the UK National Health Service. Most private hospitals within the SSN are for-profit facilities and account for 14% of the total number of hospital admissions nationally.13 Both private for-profit hospitals and public AOs are
paid by ASLs on a DRG-based prospective payment scheme,
with tariffs established by the region.13 Public hospitals other
than AOs are directly managed by ASLs and are funded on a
full-cost basis.
In Emilia-Romagna, a region of Italy with 4 million residents, cardiac care is directed through a regional hub-andspoke model that includes both public and private facilities.
Each of the 6 cardiac surgery centres (hubs) are assigned a
catchment area that includes a network of cardiology departments and wards (spokes).14 A regional commission of clinicians from both public and private hospitals define the projected need for cardiac surgery and interventional cardiology
for the area and develops organizational and clinical appropriateness criteria.
Of the 6 open-heart surgical facilities in Emilia-Romagna,
4 are located in private hospitals and account for 60% of the
total number of cardiac surgeries performed in the region.
The remaining 2 facilities are public AOs with teaching status. These 6 hospitals also have interventional cardiology centres. In addition, 7 interventional cardiology centres are located in public hospitals that are managed directly by the
ASLs and that do not have open-heart surgical facilities.
When drug-eluting stents became available in April 2002,
the regional commission of clinicians developed guidelines
that targeted the use of drug-eluting stents to patients at high
risk of restenosis.1 The development of this policy relied
mostly on expert opinion; however, the policy has proven to
be both clinically sound15 and cost-effective.16,17
We compared private hospitals that had open-heart surgical facilities (n = 4) and public hospitals, both with (n = 2)
and without (n = 7) open-heart surgical facilities, using 3 sets
of indicators: (a) the rate of drug-eluting stent use, both overall and among patients undergoing PCI for multivessel coronary artery disease; (b) the selectivity of drug-eluting stent use
(e.g., the rate of drug-eluting stent use among patients
deemed to be at high risk of a major adverse cardiac event according to regional guidelines); and (c) the volume of cardiac
surgery, both overall and for CABG and valve surgery.
To account for potential confounding variables, we used logistic regression analysis to estimate the likelihood (expressed
as an odds ratio [OR] and adjusted for case mix) of receiving a
drug-eluting stent (dependent variable). Covariates included
in the model were selected by univariate analysis exploring the
association between the use of drug-eluting stents, patient
characteristics (age, sex, diabetes mellitus, hypertension,
smoking status, hypercholesterolemia, previous revascularization, clinical indication, multivessel disease, high-risk lesions)
and the calendar year. Covariates with a statistically significant
(p < 0.05) association were included in the logistic model,
with fit assessed by means of the Hosmer–Lemeshow test.18 A
few of the variables had missing values, although this was less
than 5% of the total number of values for each variable. Thus,
all of the patients were retained in the multivariable analysis.
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Information was drawn from the Regional PCI Registry
(REAL),1,15 which reports the clinical characteristics of patients undergoing PCI and the type of stent, if used. The registry covers 95% of all PCI procedures; it is routinely tested for
completeness, but not reliability, of information and meets
the standard quality criteria for clinical databases.19
The monthly number of cardiac surgeries and PCI (with or
without stenting) procedures performed from January 1998 to
December 2004 was retrieved from the regional database of
hospital admissions. This period included 84 months of data:
52 months before and 32 months after drug-eluting stents
became available. All procedures were represented in the
database.
The analyses were based on segmented time-series regression models applied to the monthly number of procedures,
adjusted for seasonality, which allowed estimation of the
slope coefficient for the phases before and after drug-eluting
stents became available.20 A statistically significant difference
in slope coefficients between the 2 phases indicates a longterm effect of drug-eluting stent availability. The immediate
effect of drug-eluting stent availability on the number of procedures performed was assessed as a statistically significant
change in the level of surgery activity, expressed as the difference between the estimated first point after drug-eluting
stents became available and the extrapolated first point after
drug-eluting stent availability, if the pre–drug-eluting stent
line was continued into the post–drug-eluting stent phase.20
The Durbin–Watson test21 suggested a low degree of autocorrelation of the data (varying from 1.8 to 2.2).

Results
The general characteristics of patients undergoing primary
PCI with stenting from 2003 to 2004 (following the availability of drug-eluting stents) are described in Table 1. Patients in
the public hospitals were statistically older and more likely
than patients at the private hospitals to undergo PCI for indications such as acute myocardial infraction and unstable
angina. Patients with stable angina were more prevalent in
the private hospitals than in the public hospitals. Patients
with multivessel disease who underwent PCI with stenting
were significantly more prevalent in the public centres, both
with and without open-heart surgical facilities than in the private centres (Table 1). The proportion of patients with highrisk lesions (as defined by regional guidelines) was higher in
the public than in the private hospitals.

Rate of drug-eluting stent adoption
The proportion of patients who received a drug-eluting stent
was higher in the private (42.1%) than in the public hospitals
(25.6% overall, varying from 22.8% to 26.7% in those with
and without open-heart surgical facilities respectively). This
pattern was consistent in both study years, and the proportion of patients treated who received drug-eluting stents increased over time at all types of hospitals (Table 2).
After adjustment for clinical characteristics, patients
treated in public hospitals, with or without open-heart surgi-
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cal facilities, consistently had a lower probability of receiving
drug-eluting stents than did patients admitted to the private
hospitals (Table 3).
The proportion of patients with multivessel disease who
received drug-eluting stents was 52.1% in private hospitals,
compared with 37.5% in public hospitals with, and 40.1% in
public hospitals without, open-heart surgical facilities.
Compliance with the regional guidelines was 20.8% in private hospitals versus 33.3% and 34.1% for public hospitals
with and without open-heart surgical facilities respectively.
Public hospitals with open-heart surgical facilities were more
likely than private hospitals to use drug-eluting stents in patients with high-risk lesions (OR 1.30, 95% CI 1.03 to 1.64).
The same held true for public hospitals without open-heart
surgical facilities (OR 2.64, 95% CI 2.21 to 3.15).

lated CABG surgeries decreased in both public and private
hospitals; however, the level of reduction of isolated CABG
surgeries was lower in private hospitals than in public hospitals (16.2%), and this was associated with an increase in the
number of valve surgeries, both isolated (31.3%) and associated with CABG (12.1%).
Time-series regression analyses showed that drug-eluting
stent availability was associated with a statistically significant
reduction in the overall number of cardiac procedures performed per year in public hospitals (coefficient –20.1, 95% CI
–23.2 to –17.1), while the degree of reduction was much
smaller in private hospitals (coefficient –1.8, 95% CI –6.4 to
–2.8) (Table 4). This pattern is explained by the higher level of
reduction in isolated CABG surgeries in public hospitals than
in private hospitals (coefficient –16.1 v. –6.2 respectively),
whereas CABG procedures associated with valve surgery de-

Impact of drug-eluting stent availability on PCI
and cardiac surgery volume
Table 2: Proportion of patients undergoing percutaneous
coronary intervention (PCI) with drug-eluting stent by type of
hospital

The number of cardiac surgical procedures performed in
public hospitals decreased 5.1% after drug-eluting stents became available in 2002: the mean number of procedures per
year was 1322 during 2003–2004, compared with 1394 during
1998–2002. There was a 21.4% reduction in the number of
isolated CABG surgeries performed (783 during 1998–2002 v.
615 during 2003–2004), which was more than compensated
for by the increase in valve surgery, both isolated (7.1%) and
those associated with CABG (15.2%).
In private hospitals, the mean number of surgical interventions performed per year remained stable (2018 during
1998–2002 v. 2007 during 2003–2004). The number of iso-

% of patients
Hospital type

2003

2004

OR (95% CI)

Private with OHSF

35.2

48.1

1.00

Public with OHSF

18.7

26.4

0.40 (0.36 to 0.45)

Public without OHSF

22.7

30.1

0.50 (0.45 to 0.55)

Overall public

21.5

29.2

0.46 (0.42 to 0.51)

Note: OR = odds ratio (pooled estimate [Mantel–Haenszel] stratified by year),
CI = confidence interval, OHSF = open-heart surgical facility.

Table 1: Characteristics of patients undergoing percutaneous coronary intervention (PCI) with stenting (drug-eluting or bare-metal) from
2003 to 2004 by type of hospital
Type of hospital, % of patients*

Characteristic

Total
n = 12 993

Public
with OHSF
n = 2 992

Public
without OHSF
n = 7 678

Overall public
n = 10 670

Private
with OHSF
n = 2 323

p value

Age, yr, mean (SD)

66.3 (11.6)

67.3 (11.7)

66.1 (11.8)

66.4 (11.8)

65.6 (10.7)

0.001

Sex, male

75.1

73.0

75.3

74.7

77.3

0.007

Hypertension

68.2

72.5

65.0

67.1

73.3

< 0.001

Hypercholesterolemia

52.3

55.9

54.2

54.7

41.3

< 0.001

Smoker

27.2

24.6

27.8

27.0

28.2

0.25

Diabetes

23.9

23.9

22.3

22.8

25.0

< 0.01

5.8

7.4

4.4

5.0

12.0

< 0.001

Previous CABG
Previous PCI

7.6

8.3

7.0

7.2

10.7

< 0.001

AMI

20.4

26.5

20.9

22.5

10.8

< 0.001

Unstable angina or non-STEMI AMI

38.5

38.2

41.2

40.4

30.0

< 0.001

Stable angina

41.1

35.4

37.9

37.2

59.1

< 0.001

Multivessel disease

22.2

27.4

21.5

23.1

17.9

0.013

High-risk lesion

19.0

22.0

20.3

20.7

10.9

< 0.001

Note: OHSF = open-heart surgical facility, SD = standard deviation, CABG = coronary artery bypass grafting, AMI = acute myocardial infarction, STEMI = ST-segment
elevated myocardial infarction.
*Unless stated otherwise.
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Interpretation

creased in public hospitals and increased in private ones
(Table 4).
Drug-eluting stent availability was also associated with a
substantial increase in the number of PCI procedures in public hospitals (coefficient 36.4, 95% CI 30.1 to 43.1), whereas
the corresponding increase in private hospitals was much
lower (coefficient 6.44, 95% CI 3.1 to 9.2) (Table 4).

Drug-eluting stents were used more frequently in private hospitals than in public hospitals, both overall and in the subset
of patients with multivessel disease, regardless of the availability of open-heart surgical facilities. Public hospitals used
drug-eluting stents sparingly and more selectively in patients
with high-risk lesions, as defined by the regional guidelines.
Drug-eluting stents seemed to be used as a substitute for
CABG surgery in public, but not in private, hospitals.
In private hospitals, the total number of cardiac surgery
cases remained stable, because the small reduction in the
number of CABG procedures was compensated for by an increase in valve surgery, either alone or in combination with
CABG. Public hospitals with open-heart surgical facilities
used PCI with stenting in patients with multivessel disease
more extensively and had a significantly higher level of reduction in the number of CABG and total cardiac surgeries compared with private hospitals.
One limitation of our study is that the inference of the use
of drug-eluting stents as a substitute for, or as a complement
to, CABG surgery is drawn indirectly from a cross-sectional
assessment of the use of the former, combined with a timeseries analysis on the trend of volumes of the latter. One

Table 3: Likelihood of receiving a drug-eluting stent during
percutaneous coronary intervention (PCI)
Adjusted OR (95% CI)*

Factor

All patients

Patients with
multivessel
disease

Type of hospital
Private

1.00

1.00

Public with OHSF

0.35 (0.31 to 0.40)

0.52 (0.40 to 0.67)

Public without OHSF

0.44 (0.40 to 0.50)

0.57 (0.45 to 0.71)

2003 (v. 2004)

0.63 (0.58 to 0.68)

0.61 (0.52 to 0.71)

Age (continuous
variable)

0.97 (0.97 to 0.98)

0.97 (0.96 to 0.98)

0.89 (0.81 to 0.99)

0.87 (0.72 to 1.05)

1.49 (1.36 to 1.64)

1.36 (1.13 to 1.62)

Year

Sex
Male (v. female)

Table 4: Time-series regression analyses showing immediate
(change in level) and long-term (change in slope) effect of DES
availability on the volume of PCI and cardiac surgery

Diabetes
Yes (v. no/not
known)

Coefficient (95% CI)
Variable

Previous CABG
Yes (v. no/not
known)

1.18 (0.98 to 1.42)

Change in level
Change in
slope*

1.11 (0.94 to 1.31)

0.89 (0.64 to 1.29)

0.54 (0.47 to 0.62)

0.59 (0.42 to 0.74)

Unstable angina or
non- STEMI AMI
Yes (v. no/not
known)

–3.6 (–6.0 to –0.3)

0.3 (–4.0 to 3.0)

Change in
slope*

–2.3 (–3.2 to –1.8)

0.1 (–1.1 to –0.9)

CABG + valve
surgery
Change in level
1.37 (1.23 to 1.52)

1.53 (1.24 to 1.87)

Yes (v. no/not
known)

Overall surgical
volume

1.50 (1.32 to 1.70)

1.74 (1.37 to 2.21)

1.95 (1.78 to 2.14)

NA

Multivessel disease
High-risk lesion
Goodness-of-fit test

–6.2 (–9.6 to –2.9)

Change in level

Stable angina

Yes (v. no)

0.2 (–10.1 to 10.4)

–16.1 (–18.9 to
–13.4)

Change in
slope*

Yes (v. no)

8.3 (–5.1 to –1.3)

Valve surgery

AMI
Yes (v. no/not
known)

Private hospitals

CABG

0.92 (0.66 to 1.29)

Previous PCI
Yes (v. no/not
known)

Public hospitals

3.58 (3.21 to 4.00)

2.44 (2.04 to 3.00)

p = 0.26

p = 0.80
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–2.3 (–7.2 to 4.6)

–5.0 (–6.1 to –3.8)

4.1 (2.0 to 6.1)

Change in level

–11.3 (–22.1 to –1.0)

Change in
slope*

0.2 (–13.5 to 12.2)

–20.1 (–23.2 to –17.1)

–1.8 (–6.4 to –2.8)

Change in level

11.4 (–10.1 to 33.4)

–1.6 (–10.0 to 8.2)

Change in
slope*

36.4 (30.1 to 43.1)

6.4 (3.1 to 9.2)

PCI volume

Note: OR = odds ratio, CI = confidence interval, OHSF = open-heart surgical
facility, CABG = coronary artery bypass grafting, AMI = acute myocardial
infarction, STEMI = ST-segment elevated myocardial infarction, NA = not
applicable.
*Odds ratios were adjusted for factors listed in the table.

CMAJ

0.2 ( 5.0 to –5.0)

Note: DES = drug-eluting stent, PCI = percutaneous coronary intervention,
CI = confidence interval, CABG = coronary artery bypass grafting.
*expressed on an annual basis.
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might argue that the different pattern of drug-eluting stent
use in public and private hospitals could have been affected
by factors not accounted for in our analysis, such as patient
choice or the health professionals’ skills. However, the use of
drug-eluting stents does not require additional skills, and
1.7% of patients requested the use of a drug-eluting stent.22
Completeness and accuracy of the data in the regional PCI
registry could be another potential source of concern.19 Routine monitoring shows that the REAL database includes 95%
of patients undergoing PCI at regional hospitals, and the proportion of missing variables is low. Although we have not
tested the reliability of the information in REAL, there is no
reason to anticipate that the data collected at private and public hospitals would systematically differ.

diac surgery, such as pediatric cardiac surgery and heart
transplant, which are not performed in private hospitals.

Policy implications
In our study, drug-eluting stent availability was associated with a
reduction in the total cardiac surgery volume. This level of reduction, however, depends on the relative proportion of public and
private hospitals. Since cardiac surgery volume is associated with
patient outcomes,27–30 the use of PCI with drug-eluting stents in
place of CABG, and hence a reduction in surgery volume, could
have a negative impact on surgeons’ clinical competence.
Our results show that hospital ownership status and payment structure have a strong impact on the adoption and use
of drug-eluting stents. In private for-profit hospitals, PCI with
drug-eluting stents could have been a “disruptive technology”
(a technology that, despite possibly outperforming the existing technology, is not adopted because of the high capitalization costs invested in the older technology); however, valve
surgery compensated for CABG and made room for the rapid
adoption of drug-eluting stents.31
In addition, our findings raise the issue of whether performing cost-effectiveness analyses that focus solely on comparing
alternative technologies, without considering the broader
system-wide incentives, is relevant.32 For example, at current
prices, the actual cost-effectiveness of drug-eluting stent use
mainly depends on whether it is targeted to patients at high risk
of an adverse cardiac event that may be prevented by the use of
the new device.33,34 Our findings suggest that private centres
may use drug-eluting stents less selectively in high-risk patients,
which may jeopardize the cost-effectiveness of this innovation.

Research implications
We found that both the type of hospital payment structure
and ownership status influenced drug-eluting stent adoption
and its use as a substitute for CABG surgery. Most of the public hospitals in our study do not have open-heart surgical facilities, are directly managed by ASLs and are funded on a
full-cost basis. ASLs experience a financial loss when their
hospitals, both private and AOs, do not substitute CABG surgery with PCI and drug-eluting stents, because the hospital
must pay a DRG-based tariff for CABG surgery. For these directly managed hospitals, therefore, economic incentives
favour substituting CABG with PCI and stenting. This both
supports the hospital’s reputation and allows it to remain
self-sufficient. AOs and private for-profit hospitals have inhouse open-heart surgical facilities and are paid prospectively
on a per case basis. CABG is seen as revenue-enhancing surgery, and both AOs and private hospitals face direct incentives to increase its use, provided that the tariffs are higher
than the per case operating costs.23 In a similar context, the
critical role of organizational factors has been convincingly
shown to favour CABG over PCI, particularly for patients who
are “at the margin” of the 2 techniques,24,25 such as those with
multivessel disease.
A major difference between AOs and private hospitals is
their incentive for recovering the cost of their investment in
open-heart surgical facilities. Cardiac surgery is a profitable
service that requires relatively high capital investments26 that
could be made redundant by the advent of the new technology
(PCI plus drug-eluting stents). Recovering the initial investment requires maintaining a high volume of CABG surgery or
of other combined surgical services, such as valvuloplasty,
which makes use of the same production factors. This might
explain the lower number of patients with multivessel disease
who were referred to private centres for PCI and the relatively
stable number of cardiac surgeries performed in private hospitals. Although public AOs are, in theory, exposed to the
same incentives, they may adopt different behaviours because
their capital costs are perceived to be low, since they are
funded by the region and there is no incentive for a yearly return on assets in use. In addition, the reputation of hospitals
and health professionals might also influence cardiac surgeons to abandon CABG for more sophisticated forms of car-
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Conclusion
The case of drug-eluting stent adoption and use illustrates
that the clinical environment is a complex system, in which
the introduction of a new element in one sector (e.g., drugeluting stents for PCI) has a “ripple effect” on several other
seemingly unrelated sectors (e.g., valve surgery). The size and
direction of these “ripples” is influenced by health care system and hospital characteristics, such as ownership status
and payment structure, and by the relative proportion of public and private providers in the system.
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