Review

An update on drug-eluting stents versus
bare-metal stents in PCl treatment: are
there any remaining indications for BMS
use?

Drug-eluting stents (DES) are recognized as a breakthrough technology in the
treatment of coronary artery disease, primarily due to substantial reduction in the risk
of repeat revascularization as compared with bare-metal stents (BMS). During the last
decade new DES — with thinner stent struts, novel durable or biodegradable polymer
coatings, and new limus antiproliferative agents — have been developed to address
the limitations of earlier generation DES. Randomized trials, observational studies
and meta-analyses have shown a marked improvement in clinical safety and efficacy
with new-generation DES as compared with BMS, as well as early-generation DES, in a
wide spectrum of patients. The objective of this article is to review whether there are
any indications left for the use of BMS in clinical practice based on available evidence.
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Drug-eluting stents (DES) are recognized as
breakthrough technology percutaneous coro-
nary interventions (PCI) for the treatment of
coronary artery disease [1]. They were pro-
posed in the late 90s to address the issue of
restenosis observed in 20 to 30% of patients
treated with bare-metal stents (BMS) [2].
Durable polymer-based sirolimus-eluting
stents (SES; Cypher®, Cordis, Johnson &
Johnson, FL, USA) were first implanted in
humans in 1999 and showed a marked reduc-
tion of restenosis (0 vs 27%) in the RAVEL
(Randomized study with the sirolimus-elut-
ing Bx velocity balloon-expandable stent in
the treatment of patients with de novo native
coronary artery lesions) study of patients
with simple lesions randomly assigned to
treatment with SES or BMS [3]. SES were rap-
idly followed by the introduction of durable
polymer-based paclitaxel-eluting stents (PES;
Taxus®, Boston Scientific, MA, USA), which
were also shown to reduce restenosis and the
need for repeat revascularization procedures
compared with BMS [45].

A large number of randomized trials con-
sistently reported improved clinical outcomes

with DES as compared with BMS, primar-
ily due to substantial reduction in the risk of
repeat revascularization [67]. In 2006, several
reports called into question the long-term
safety of DES — specifically with respect to the
risk of stent thrombosis (ST) [s—11]. Early-gen-
eration SES and PES were shown to be associ-
ated with a small risk of ST during the follow-
up period beyond 1 year of stent implantation,
after discontinuation of dual antiplatelet
therapy (DAPT). It was noted, however, that
this small excess in ST risk did not translate
into a higher risk of death and myocardial
infarction (6710,12,13]. During the last decade,
new generations of DES have been developed
in order to address the limitations of earlier
generation SES and PES. Numerous ran-
domized trials [14—17), meta-analyses [18—22],
and large-scale registries [23—25] have shown
a marked improvement in clinical safety and
efficacy with new-generation DES as com-
pared with early-generation DES and BMS in
a wide spectrum of patients. The objective of
this article is to review whether there are any
indications left for the use of BMS in clinical
practice based on available evidence.
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Figure 1. Reasons for bare-metal stent rather than
drug-eluting stent use.

DAPT: Dual antiplatelet therapy; MI: Myocardial
infarction.

Data based on [27].

Why are we still using bare-metal stents?

In contemporary clinical practice, BMS are still used in
20-30% of PCI procedures [26]. A recent observational
study investigated the reasons for BMS implantation
in a cohort of 774 consecutive patients with coronary
artery disease undergoing PCI at 31 European centers
over a period of 2 months in 2012 [27]. As displayed in
Figure 1, the most frequent reason for BMS use was
related to concerns on DAPT compliance. This was
followed by the presence of a target vessel with a large
reference diameter, treatment of patients with acute
myocardial infarction, concerns related to reimburse-
ment and planned noncardiac surgery within 1 year
after stent implantation.

Concerns on dual antiplatelet therapy
compliance

Several observational investigations have associ-
ated premature DAPT cessation after PCI with an
increased risk of ischemic events [28.29]. Since DAPT is
recommended for a longer duration after DES implan-
tation than BMS implantation, the potential lack of
compliance to DAPT of patients treated with DES rep-
resents a matter of concern for many physicians. These
concerns were raised by the evidence of an increased
risk of very late ST with early-generation DES (1. It is
notable, however, that the risk of ST at any time and
irrespective of DAPT with newer DES is comparable if
not smaller than the risk of ST with BMS [18,1921]. The
recently published PARIS (Patterns of nonadherence
to antiplatelet regimens in stented patients: an obser-
vational single-arm study) registry including 5018
patients treated with stent implantation has confirmed
a higher risk of ischemic events after DAPT disruption,
intended as nonphysician-directed premature cessation
of DAPT (Figure 2) [30]. It is noteworthy that a sensitiv-
ity analysis of the same registry indicated that the risk
of ischemic events after DAPT disruption appeared not
to be influenced by the type of stent initially implanted
(i.e., DES vs BMS).

Moreover, the findings of a pooled analysis of four
prospective multicenter trials including 4896 patients
treated with new-generation zotarolimus-eluting stents
suggested that DAPT cessation as eatly as 1 month may
be safe after implantation of a new-generation DES [31].
The findings of this single observational investigation
should be regarded as hypothesis generating and will
require confirmation in larger randomized trials.

Taken together, available evidence indicates that con-
cerns on DAPT compliance should not prevent from
the use of DES in patients undergoing PCI and even
suggests that ST with DES might be less frequent than
with BMS on any type of antiplatelet treatment in the
first year and not more frequent in the subsequent years.

Large vessel diameter

The benefits of DES have been considered uncertain
in patients with target lesions located in large coronary
arteries. This was based on data indicating a reduced
antirestenotic superiority of DES over BMS in coro-
nary arteries with a reference diameter equal or above
3 mm as compared with the effect observed in smaller
coronary arteries [32,33]. It is not surprising, therefore,
that the large diameter of the target vessel appears as
one of the reasons for BMS implantation in clinical
practice. However, the hypothesis of only negligible
advantage of DES in large coronary arteries was con-
futed by the BASKET-PROVE trial (34]. In this trial,
the use of early-generation SES and new-generation
everolimus-eluting stents (EES) was compared with
BMS in large coronary arteries of all-comer patients
with significant coronary artery disease not requiring
oral anticoagulation and not scheduled to undergo sur-
gery. The primary end point of the BASKET-PROVE
trial, the composite of death and myocardial infarc-
tion, did not differ significantly between patients
treated with early-generation SES, new-generation
EES and BMS during 2 years of follow-up. How-
ever, it is noteworthy that patients treated with DES
(ie., pooled SES and EES) had a significantly lower
risk of the composite of death and myocardial infarc-
tion as compared with patients treated with BMS
(risk ratio 0.60, 95% CI: 0.39-0.93). In addition, the
BASKET-PROVE showed a relative risk reduction of
approximately 56% in terms of repeat revasculariza-
tion with DES as compared with BMS (risk ratio 0.44,
95% CI: 0.31-0.63) (Figure 3). Similar findings were
confirmed in the recently published BASKET-PROVE
IT trial, comparing new-generation biolimus-eluting
stents (BES) with EES and BMS [35]. In view of the
now proven superiority of DES compared with BMS
in large coronary arteries, it appears unreasonable to
consider the presence of a target vessel with a large ref-
erence diameter a valid reason for BMS implantation.
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Hazard ratio (95% CI) p value

On-DAPT l 1.00 (Ref)
Discontinuation —a— 0.63 (0.46-0.86) 0.004
Interruption —— 1.41 (0.94-2.12) 0.101
Disruption —a— 1.50 (1.14-1.97) 0.004

0-7 days —a— 7.04 (3.31-14.95) <0.0001

8-30 days —a— 2.17 (0.97-4.88) 0.06

> 30 days —— 1.30 (0.97-1.76) 0.083
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Figure 2. Risk of major cardiac adverse events after dual antiplatelet therapy cessation according to cessation

modality.

Discontinuation: recommended; physician-directed withdrawal of DAPT. Disruption: cessation of antiplatelet
treatment due to bleeding or noncompliance. Interruption: temporary cessation of DAPT due to surgical necessity

with reinstitution of DAPT within 14 days.
DAPT: Dual antiplatelet therapy.
Adapted from [30].

ST-segment elevation myocardial infarction

Early-generation DES have been shown superior to
BMS in terms of device effectiveness in patients with
acute myocardial infarction (MI), with no safety con-
cern [3637]. Nevertheless, the thrombogenic milieu
coupled with evidence of delayed arterial healing
due to chronic inflammation — with persistent fibrin
deposition, positive vessel remodeling and uncov-
ered stent struts — following early-generation DES
implantation in acute MI culprit lesions have led to
concerns with respect to the long-term safety of DES
in this clinical setting [38]. On a clinical standpoint,
meta-analyses of randomized trials have revealed an
increased risk of very late ST with early-generation
DES as compared with BMS in patients with acute
MI [(39.40]. The further development of DES has
addressed this limitation. New-generation EES and
BES have been compared with BMS in two large-
scale randomized trials [17.41]. In the EXAMINA-
TION (everolimus-eluting stents versus bare-metal
stents in ST-segment elevation myocardial infarction)
trial [41], EES did not reduce the risk of the primary
end point — a composite of all-cause death, any rein-
farction and any revascularization — compared with
BMS at 1 year (11.9 vs 14.2%; p =0.19). However,
the risks of both target-lesion revascularization (2.1
vs 5.0%; p =0.003) and ST (0 vs 1.9%; p =0.019)
were significantly lower with EES than BMS. In the
COMFORTABLE (comparison of biolimus eluted
from an erodible stent coating with bare metal stents
in acute ST-elevation myocardial infarction) trial [17],
BES with biodegradable polymer coating signifi-

cantly reduced the risk of the primary end point — a
composite of cardiac death, target-vessel reinfarction
and ischemia-driven target-lesion revascularization at
1 year (4.3 vs 8.7%; p =0.004). The difference was
driven by a lower risk of target-vessel reinfarction (0.5
vs 2.7%; p =0.01) and ischemia-driven target-lesion
revascularization (1.6 vs 5.7%, p < 0.001) in patients
receiving BES compared with those receiving BMS.
ST was numerically less frequent with BES compared
with BMS (0.9 vs 2.1%; p =0.10) without reaching
statistical significance. A pooled analysis of the two
trials, including a total of 2665 patients with acute
MI, confirmed a marked improvement not only in
terms of device effectiveness (target-lesion revascular-
ization: hazard ratio [HR] 0.32, 95% CI: 0.20-0.52)
but also in terms of device safety (definite ST: HR
0.35, 95% CI: 0.13-0.75; target-vessel reinfarction:
HR 0.36, 95% CI: 0.14-0.91) with new-generation
DES compared with BMS in patients with acute MI
(Figure 4) [42]. In line with these data, the use of new-
generation DES in patients with acute MI is recom-
mended over BMS (class I, level A) in the most recent
guidelines on myocardial revascularization of the
European Society of Cardiology (ESC) [43]. There-
fore, the use of BMS in the setting of acute MI appears
not to be supported by evidence or guidelines.

Planned noncardiac surgery

Noncardiac surgery is often needed in patients tak-
ing DAPT after PCI. Antiplatelet therapy in patients
requiring surgical procedures is a matter of concern for
surgeons due to the risk of bleeding events, and DAPT
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Figure 3. Target vessel revascularization with bare-metal stents and drug-eluting stents in patients with large

target vessels.
HR: Hazard ratio.
Adapted from [34].

is frequently interrupted in patients undergoing non-
cardiac surgery. Cessation of DAPT prior to the rec-
ommended duration as well as the prothrombotic and
proinflammarcory state associated with surgery engender
an increased risk of ischemic events in patients under-
going surgery recently after PCI with stent implanta-
tion. However, the risk of perioperative bleeding may be
greater than the risk of ischemic events in such patients.
BMS selection in these patients is a consequence of
the concerns related to the potential premature DAPT
interruption. In a retrospective cohort study, 8116
patients who underwent major elective noncardiac sur-
gery between 2003 and 2009 and received stents within
10 years prior to surgery (i.e., between 1993 and 2009)
were compared with a cohort of surgical patients who
had not undergone myocardial revascularization [44].
Patients undergoing surgery <45 days after stenting had
an increased risk of ischemic events irrespective of the
type of stent implanted. The risk was reduced to the
level of intermediate-risk nonrevascularized individuals
>45 days after BMS implantation and >180 days after
early-generation DES implantation. Of note, this study
was limited to early-generation DES. Recently, a study
has evaluated the risk of ischemic events according to
previously implanted stent type in patients undergo-
ing noncardiac surgery [45]. In this study, Hawn and
colleagues retrospectively analyzed a cohort of 28,029

patients undergoing noncardiac surgery within 2 years
after a coronary stent implantation (performed between
2000 and 2010) and examined the association between
timing of surgery and stent type with major adverse
cardiac events (MACE, defined as the composite of all-
cause mortality, MI and repeat revascularization). Time
between stent implantation and surgery was associated
with MACE (<6 weeks, 11.6%; 6 weeks to <6 months,
6.4%; 6-12 months, 4.2%; >12-24 months, 3.5%;
p < 0.001). Moreover, emergency surgery (adjusted odds
ratio [OR] 4.77; 95%CI: 4.07-5.59), history of MI in
the 6 months preceding surgery (adjusted OR 2.63;
95% CI: 2.32-2.98), and revised cardiac risk index
greater than 2 (adjusted OR 2.13; 95% CI: 1.85-2.44)
were identified as independent predictors of MACE.
Whereas, previous DES implantation was not associated
with MACE (adjusted OR 0.91; 95% CI: 0.83-1.01)
(Figure 5), suggesting no impact of stent type on the
risk of ischemic events in patients undergoing noncar-
diac surgery after stent implantation. In the absence of
prospective randomized studies, clinical practice should
be guided by available observational evidence. The
latter indicates an increased risk of ischemic events in
patients undergoing surgery early after stent implanta-
tion (i.e., <6 weeks), irrespective of stent type. This risk
appears to be reduced to normal in patients undergoing
surgery >6 months after stent implantation, irrespective
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of stent type. Whether DES or BMS should be preferred
in patients needing cardiac surgery between 6 weeks and
6 months after stent implantation is subject of ongoing

debate.

Stent costs

A number of studies on cost—effectiveness suggested
restricting the use of DES to patients at increased risk
of restenosis in order to balance beneficial effects and
costs [46—49]. Limiting the use of DES in patients at
higher risk of restenosis may translate into cost savings
with only a small impact on the risk of repeat revascular-
ization procedures [46,47]. In the USA, a temporal reduc-
tion in DES use in 2007 (68% of patients receiving
DES) as compared with a more liberal use in the years
2004-2006 (92% of patients receiving DES) resulted
in a modest reduction in costs (400 USD per patient)
and a small increase in the rates of repeat revasculariza-
tion procedures (4.1 vs 5.1%) at 1 year (47]. Notwith-
standing, recent analyses of US routine clinical practice
indicated that the higher costs of DES and subsequent
longer DAPT regimens are fully offset by a reduction

6 wk 3 mo 6 mo
30

25
20

15

A\
10

30-day postoperative MACE rate (%)

in costs of repeat revascularization procedures compared
with BMS at 3 years of follow-up [48]. It should be under-
scored that these analyses are based on early-generation
DES with stent costs from year 2005 (i.e., >2100 USD),
which are not used in current clinical practice. Indeed,
a more recent study has observed a reduction of costs
with EES compared with early-generation paclitaxel-
eluting stents, indicating that new-generation DES are
economically more attractive [49). Therefore, stent costs
appear not to justify the use of BMS instead of DES
at this point in time. It is noteworthy, however, that
reimbursement systems between different countries and
even within a given country, limit the generalizability of
cost—effectiveness analyses.

Future perspective

As outlined in this article, currently available metallic
DES have an excellent safety and efficacy profile, and
represent the standard of care for PCI in current clinical
practice as recommended by the most recent guidelines
on myocardial revascularization of the ESC. Neverthe-
less, despite their impressive clinical results, the perma-

1y

0 |

T T T T
0 60 120 180 240 300

T T T T T T 1
360 420 480 540 600 660 720

Time between stent and operation (days)

Stent type
Bare metal

Drug-eluting

1 [Reference]

0.91 (0.83-1.01) 0.08

Figure 5. Risk of major cardiac adverse events within 30 days after noncardiac surgery in patients previously
treated with bare-metal stents (dotted line) and drug-eluting stents (continuous line).

Mo: Months; Wk: Weeks; y: Year.
Adapted from [45].
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nent presence of metallic DES represents a matter of
concern in view of its lifelong compatibility with the
implanted vessel. Fully bioresorbable vascular scaffolds
(BVS) have been developed to overcome this limitation.
These devices — made of polymers or magnesium alloys
— offer scaffolding properties coupled with site-specific
drug elution, followed by a complete resorption of the
scaffold backbone. Preclinical studies and initial clinical
investigations have provided evidence of complete bio-
resorption and some restoration of vascular physiology,
without any safety concerns. However, limited evidence
is available on the safety and efficacy profile of BVS as
compared with contemporary metallic DES. Whether
BVS will become the workhorse technology for PCI in
the next few years will depend on the results of a number
of ongoing randomized trials directly comparing them
with metallic DES and on improvements in their ease of
use which is not yet competitive.

Conclusion

A large body of evidence has shown a significant
improvement in coronary stent safety and efficacy
with device evolution. Early-generation DES have
been superseded by new-generation DES, which opti-
mized safety outcomes without compromising device
effectiveness. The article, provides an overview of the
most frequent reasons retained for BMS implantation.
Reviewing the available evidence, there appears to be
limited space left for the use of BMS in current clini-
cal practice. Along this line, the most recent guidelines
on myocardial revascularization of the ESC provide a
class I level of evidence A recommendation for the use
of new-generation DES over BMS in patients under-
going PCI irrespective of clinical presentation or anti-
platelet regimen [43].

Executive summary

Why are we still using bare-metal stents?

after stent implantation.
Concerns on dual antiplatelet therapy compliance

Large vessel diameter

ST-segment elevation myocardial infarction

e The most frequent reason is related to concerns on dual antiplatelet therapy (DAPT) compliance.
e Other reasons are the presence of a target vessel with a large reference diameter, treatment of patients with
acute myocardial infarction, concerns related to reimbursement and planned noncardiac surgery within 1 year

¢ Recent observational evidence suggests that the type of implanted stent (i.e., drug-eluting stents [DES] or
bare-metal stents [BMS]) has no impact on the risk of ischemic events after DAPT cessation.

¢ Available evidence indicates that concerns on DAPT compliance should not prevent from the use of DES in
patients undergoing percutaneous coronary interventions.

e The superior antirestenotic effectiveness of DES over BMS was confirmed in large coronary arteries.
e The presence of a target vessel with a large reference diameter is not a valid reason for BMS implantation.

¢ New-generation everolimus-eluting stents and biolimus-eluting stents have been shown to improve outcomes
compared with BMS in two large-scale randomized trials.

¢ The use of new-generation DES in patients with acute myocardial infarction is recommended over BMS (class I,
level A) in the most recent guidelines on myocardial revascularization of the European Society of Cardiology.

Planned noncardiac surgery

e An increased risk of ischemic events in patients undergoing surgery early after stent implantation (i.e., <6
weeks) has been observed, irrespective of stent type (i.e., DES or BMS).

e This risk appears to be reduced to normal in patients undergoing surgery >6 months after stent implantation,
irrespective of stent type (i.e., DES or BMS).

e Whether DES or BMS should be preferred in patients needing cardiac surgery between 6 weeks and 6 months
after stent implantation is subject of ongoing debate.

Stent costs

e Available cost-effectiveness studies indicate that stent costs do not justify the use of BMS instead of DES.

¢ Of note, the generalizability of cost-effectiveness analyses is limited by the heterogeneity of reimbursement
systems across different countries and even within a given country.

Future perspective

e Fully bioresorbable scaffolds offering scaffolding properties and controlled drug elution followed by complete
resorption of the stent backbone have been developed.

e Whether fully biodegradable scaffolds will become the workhorse technology for percutaneous coronary
interventions in the next few years will depend on the results of ongoing investigations.
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