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Drug-eluting stents (DESs) have revolution-
ized the world of interventional cardiology. In 
many countries worldwide, DESs account for 
approximately 80% of all stents implanted.1 
When compared with other technologies, such 
as implantable cardioverter-defibrillators, the 
adoption of DESs into mainstream clinical prac-
tice has occurred more rapidly and without the 
same rigorous scientific evaluation in important 
subgroups. While DESs might have slain the 
Goliath of restenosis, late stent thrombosis (LST) 
and bleeding associated with prolonged dual 
antiplatelet therapy used to prevent LST, have 
created a delicate risk–benefit equation that is 
only now coming to light. Current views on how 
to manage this quandary range from dismissing 
the LST phenomenon as unimportant and 
continuing with the unrestricted use of DESs, to 
a panic reaction that would result in a substan-
tial reduction in DES use. Instead of polarizing 
to either of these extremes, we believe there is a 
need for a strategy that evaluates the risk–benefit 
ratio for individual patients. 

The LST controversy first became evident 
with the presentation of the 1-year outcomes of 
the BASKET-LATE study2 at the ACC Annual 
meeting in March 2006. The results of this trial 
showed that patients in the DES arm suffered 
higher rates of mortality and myocardial infarc-
tion (MI) than those in the bare-metal stent 
(BMS) arm. This increase in event rates was 
largely attributable to LST (DES 2.6% vs BMS 
1.3%).2 The debate gathered strength at the 
World Congress of Cardiology in September 
2006, where published data from a large, two-
center DES registry, showing that the incidence 
of LST was 0.6% per year, were presented.3 
Furthermore, two recent meta-analyses of trials 
comparing DESs with BMSs both revealed that 
DES patients had higher late mortality.4,5 In 
December 2006, an FDA panel was convened 
to review all evidence pertinent to this contro-
versy.6 In March 2007, the New England Journal 
of Medicine published five studies (featured in 
the Research Highlights section of this issue of 
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presented at the FDA meeting, which further 
fuelled the DES debate. The Swedish SCAAR 
registry7 provided data on 19,771 patients 
(DESs n = 6,033 and BMSs n = 13,738) showing 
that patients in the DES arm experienced higher 
3-year mortality (adjusted relative risk 1.18) 
than those with BMSs. The four pooled analyses 
of patient-level data, however, concluded that 
there was no significant difference in the rates 
of death and MI between patients with DESs and 
BMSs at 4 years, although there was evidence of 
increased LST 1–4 years after stent implanta-
tion.1,8–10 The FDA panel concluded that when 
DESs are used for approved indications the risk 
of thrombosis does not outweigh the benefits in 
terms of reduction in repeat revascularization 
rates. The panel did, however, warn that the off-
label use of DESs was associated with increased 
death, MI, and LST.6 These data caused physi-
cians who refer patients for revascularization 
procedures to individualize therapy rather than 
adhering to a guideline-driven approach. 

Whenever a new therapy is introduced, initial 
small studies tend to exaggerate the magni-
tude of the benefit or harm. Subsequent large, 
randomized trials are generally underpowered 
to recognize rare adverse events. Later, meta-
 analyses of multiple trials and observational 
studies afford us the opportunity to evaluate 
the safety of interventions in larger numbers 
of patients. Ultimately, we might never know 
the true risk of an intervention until many 
years after the therapy has been approved. The 
emerging evidence in the cyclo-oxygenase 2 
inhibitors controversy evolved along these lines. 
The cyclo-oxygenase 2 story also highlights the 
dangers of initially evaluating new therapies in 
low-risk groups. Most therapies with established 
safety and efficacy in cardiovascular medicine, 
such as implantable cardioverter-defibrillators, 
angiotensin-converting-enzyme inhibitors, 
statins, and β-blockers were initially tested in 
high-risk populations before expanding their 
use to lower-risk groups. By contrast, DESs were 
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evaluated and approved in lower-risk popula-
tions, but are routinely being used off-label in 
higher-risk populations.

Risk profiling patients who undergo 
percutaneous coronary intervention (PCI) 
is warranted given the totality of evidence 
comparing BMSs with DESs. High-risk patients, 
such as those with diabetes, are not only the 
most likely to benefit from DES implantation, 
but also the most likely to experience LST. 
Furthermore, the BASKET trial11 showed that 
the widespread adoption of a DES strategy was 
not as cost-effective as adoption in selected 
patient populations. On the basis of patient and 
lesion characteristics, a risk–benefit prediction 
score for DESs that would weigh the cumulative 
risk of LST, and the concomitant bleeding 
associated with prolonged dual antiplatelet 
therapy, with the benefit of reducing target vessel 
revascularization, is needed. Emphasis should 
be placed on the importance of aggressive risk-
factor modification as frontline therapy for 
coronary disease. Data from the National Health 
and Nutrition Examination Survey shows that 
diabetes is only optimally managed in about 10% 
of patients.12 Adherence to a medical program 
could be the best indicator of compliance with 
dual antiplatelet therapy after PCI with DESs.

The FDA Advisory Panel, in agreement with 
the ACC/AHA/ Society for Cardiac Angiography 
and Interventions (SCAI) PCI Practice 
Guidelines, recommends 3–6 months of dual 
antiplatelet therapy for patients undergoing 
PCI with DESs, while encouraging 9–12 months 
of therapy for those at low-risk for bleeding.6 
A report from SCAI cautions interventional-
ists to pay close attention to stent selection and 
implantation techniques, to assess the poten-
tial compliance of the patient with regards to 
prolonged dual antiplatelet therapy before stent 
implantation, and to stress to the patient the 
need for a discussion of the risks and bene-
fits before discontinuing antiplatelet therapy 
because of cost or a noncardiac procedure.13 
In the near future, bioabsorbable stents or the 
use of bone marrow cells to promote endo-
thelialization could reduce stent thrombosis, 
while maintaining the benefit of reduced rates of 
repeat revascularization. In addition, sophisti-
cated imaging modalities to evaluate stent endo-
thelialization could help guide the optimum 
duration of dual antiplatelet therapy. 

The apprehension about DES-related LST 
is justified and should be addressed in well-
designed, prospective studies. There is a need to 
better define the complex balance between in-
stent restenosis, LST, and bleeding, in terms of 
their relationship to cardiovascular events. In the 
attempt to win the battle against restenosis, have 
we lost the war against major cardiovascular 
events? Now is the time to reflect and revaluate 
the appropriate role of DESs in our therapeutic 
arsenal for fighting coronary disease.

References
1 Spaulding C et al. (2007) A pooled analysis of data 

comparing sirolimus-eluting stents with bare-metal 
stents. N Engl J Med 356: 989–997

2 Pfisterer M et al. for the BASKET-LATE Investigators 
(2006) Late clinical events after clopidogrel 
discontinuation may limit the benefit of drug-eluting 
stents: an observational study of drug-eluting versus 
bare-metal stents. J Am Coll Cardiol 48: 2584–2591

3 Daemen J et al. (2007) Early and late coronary 
stent thrombosis of sirolimus-eluting and paclitaxel 
eluting stents in routine clinical practice: data from 
a large two-institutional cohort study. Lancet 369: 
667–678

4 Camenzind E et al. (2007) Stent thrombosis late after 
implantation of first-generation drug-eluting stents: 
a cause for concern. Circulation 115: 1440–1455

5 Nordmann AJ et al. (2006) Mortality in randomized 
controlled trials comparing drug-eluting vs. bare-
metal stents in coronary artery disease: a meta-
analysis. Eur Heart J 27: 2784–2814

6 Food and Drug Administration (2006) Circulatory 
System Devices Panel Meeting [http://www.fda.gov/
ohrms/dockets/ac/cdrh06.html#circulatory] 
(accessed 15 February 2007)

7 Lagerqvist B et al. for the SCAAR Study Group (2007) 
Long-term outcomes with drug-eluting stents versus 
bare-metal stents in Sweden. N Engl J Med 356: 
1009–1019

8 Stone GW et al. (2007) Safety and efficacy of 
sirolimus- and paclitaxel-eluting coronary stents 
N Engl J Med 356: 998–1008

9 Mauri L et al. (2007) Stent thrombosis in randomized 
clinical trials of drug-eluting stents. N Engl J Med 
356: 1020–1029

10 Kastrati A et al. (2007) Analysis of 14 trials comparing 
sirolimus-eluting stents with bare-metal stents. 
N Engl J Med 356: 1030–1039

11 Kaiser C et al. for the BASKET Investigators (2005) 
Incremental cost-effectiveness of drug-eluting stents 
compared with a third-generation bare-metal stent 
in a real-world setting: randomised Basel Stent 
Kosten Effektivitäts Trial (BASKET). Lancet 366: 
921–929

12 Saydah SH et al. (2004) Poor control of risk factors 
for vascular disease among adults with previously 
diagnosed diabetes. JAMA 291: 335–342

13 Hodgson JM et al. for the Society for Cardiovascular 
Angiography and Interventions (2007) Late stent 
thrombosis: considerations and practical advice 
for the use of drug-eluting stents: a report from 
the Society for Cardiovascular Angiography and 
Interventions Drug-eluting Stent Task Force. Catheter 
Cardiovasc Interv 69: 327–333

ncpcardio_2007_053.indd   347ncpcardio_2007_053.indd   347 7/6/07   2:53:52 pm7/6/07   2:53:52 pm



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 450
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 450
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck true
  /PDFX3Check false
  /PDFXCompliantPDFOnly true
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.30000
    0.30000
    0.30000
    0.30000
  ]
  /PDFXOutputIntentProfile (OFCOM_PO_P1_F60)
  /PDFXOutputCondition (OFCOM_PO_P1_F60)
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f300130d330b830cd30b9658766f8306e8868793a304a3088307353705237306b90693057305f00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <FEFF004e005000470020005000520049004e005400200050004400460020004a006f00620020004f007000740069006f006e0073002e002000320032006e0064002000530065007000740065006d00620065007200200032003000300034002e002000500044004600200031002e003300200043006f006d007000610074006900620069006c006900740079002e>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [665.858 854.929]
>> setpagedevice


