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EDITORIAL COMMENT
Differential Clinical Benefit With
Contemporary Drug-Eluting Stents

Fact or Fancy?*
Dean J. Kereiakes, MD
T he evolution of coronary stenting from bare
metal to first- and second-generation drug-
eluting stents (DES) has been accompanied

by a progressive reduction in both the device-
oriented composite endpoint of target lesion failure
(TLF) (composite of cardiac death, target vessel
myocardial infarction, and clinically indicated target
lesion revascularization [CI-TLR]) as well as stent
thrombosis (ST), with the greatest differential be-
tween these devices occurring during the first year
following deployment.1 Beyond 1-year, clinical
events occur at a more consistent 2% to 3% per
year annualized rate regardless of device. Specific
stent design iterations that impact device oriented
composite endpoints (TLF, target vessel failure
[TVF], composite of cardiac death target vessel
myocardial infarction and clinically indicated target
vessel revascularization]) most importantly include
stent strut thickness.2-4 Thinner struts heal more
rapidly and completely, induce less injury/inflamma-
tion, and have less peri-strut shear stress distur-
bance.5,6 Stent strut thickness and width (strut
volume) become progressively more important in
small (#2.5-mm diameter) vessels whereas an in-
verse, exponential relationship exists between target
vessel size and both abluminal strut surface area
coverage (device footprint) as well as strut volume/
vessel volume ratio which are associated with
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thrombogenicity.7 Further, stent strut geometry in-
fluences both strut level shear stress distribution
and the degree of strut embedment which impact
the time course and extent of endothelial strut
coverage, healing, and thrombogenicity.8 Following
the development of bioinert/biocompatible perma-
nent polymers with second generation DES, further
iteration(s) in polymer distribution (abluminal-only
versus conformal) or time course for resorption (bio-
resorbable versus permanent) have not demon-
strated clinical benefit despite theoretic appeal.9

Finally, stent platform flexibility/conformability,
which correlates inversely with fracture resistance
on bench/preclinical testing and influences vessel
geometric distortion, has not shown clinical benefit
in randomized, controlled clinical trials (RCCTs)
comparing stents with differing flexibility.10,11 In
this context, the study by Jeong et al12, published
in this issue of JACC: Asia, is of interest.12 Using
the multicenter Intelligent Research in Sight–DES
Registry of all patients undergoing percutaneous
coronary intervention (PCI) with DES in Korea, the
investigators evaluated the relative safety and effec-
tiveness of 5 distinct DES platforms to 12 months
post-implantation in complex high-risk indicated
procedure (CHIP) patients. The definition of CHIP
required $1 clinical (age >75 years, diabetes melli-
tus, chronic renal disease, prior coronary bypass sur-
gery, cerebral or peripheral artery disease, chronic
lung disease, primary PCI for ST-segment elevated
myocardial infarction, poor left ventricular func-
tion/hemodynamic instability [left ventricular ejec-
tion fraction <30% or clinical cardiogenic shock])
plus $1 angiographic criteria (multivessel disease,
severely calcified target lesions, diffuse long lesion
[total stent length >40 mm] or target lesions
involving a bifurcation, unprotected left main, or
chronic total occlusion). Variables reflecting proced-
ure complexity (mechanical cardiac support and
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use of ablative technologies) were not included in
the CHIP definition. The 6,645-patient CHIP study
population included a high prevalence of diabetes
mellitus, multivessel coronary disease, and
biomarker positive acute coronary syndromes and a
low prevalence of poor left ventricular function or
severe lesion calcium. Importantly, “severe lesion
calcification” is not clearly defined by angiographic
or intravascular imaging and “multivessel disease”
is not quantitatively measured. Neither target lesion
complexity by American College of Cardiology/
American Heart Association classification nor target
vessel diameter is presented. The clinical perfor-
mance of CoCr EES (Xience, Abbott Vascular); Reso-
lute ZES (Onyx, Medtronic Inc); PtCr EES (Synergy,
Boston Scientific); Ultrathin Strut SES (Orsiro, Bio-
tronik), and bioresorbable polymer SES (Ultimaster,
Terumo Corp) were compared in the CHIP popula-
tion. Multiple limitations of this analysis include: 1)
DES treatment allocation was not random; 2) indi-
vidual DES sample sizes are limited and variable; 3)
significant baseline differences are present between
treatment groups involving variables which impact
the primary endpoint of interest (TVF) including
age, insulin-dependent diabetes mellitus, prior PCI/
coronary bypass surgery, chronic kidney disease,
clinical indication for PCI (stable ischemic heart dis-
ease versus acute coronary syndrome), total number
of stents or total stent length/patient, and average
stent diameter (despite statistical adjustment for
disparities through propensity score matching and
inverse probability of treatment weighting, con-
founding most likely persists and P values/confi-
dence intervals (CIs) are not adjusted for multiple
testing); and 4) follow-up is limited to 1 year. The in-
vestigators conclude that differential risks for TVF
exist by DES type (lower for Ultimaster, Orsiro, and
Onyx versus higher for Xience and Synergy) and
that RCCTs are required to confirm this hypothesis-
generating observation.

Does evidence support this observation? First,
although the relationship between thinner stent
struts and a lower rate of stent related adverse
outcomes is apparent for Orsiro, the investigators
might strengthen this observation and widen the
disparity between DES by analyzing target
vessels #2.5 mm diameter or by using the surrogate
of stent diameter if vessel diameter estimates are
not available. In the prespecified analysis of small
(<2.5 mm) coronaries from the BIO-RESORT (Com-
parison of Biodegradable Polymer and Durable
Polymer Drug-eluting Stents in an All Comers Pop-
ulation) RCCT, TLF, and CI-TLR through 3-year
follow-up were significantly lower with the thin-
nest strut stent.13 In the SCAAR (Swedish Coronary
Angiography and Angioplasty Registry), CI-TLR was
reduced by 25% through 2-year follow-up of the
thinnest strut stent compared with all other
contemporary DESs.14 The relative clinical benefit of
ultrathin (<70 mm) versus thin (70 to 100 mm) strut
stents appears less marked across all vessel sizes
(versus small vessels) and concern has been
expressed regarding the radial strength of ultrathin
stents in fibrocalcific disease.4,15,16 Second, support
for the potential benefit of strut geometry comes
from the Bioresorbable Polymer ORSIRO Versus Du-
rable Polymer RELOLUTE ONYX Stents (BIONYX)
RCCT which observed a significant reduction in stent
thrombosis to 1 year (hazard ratio: 0.112; 95% CI:
0.01 to 0.87; P ¼ 0.11) following treatment with the
thicker (81mm), but round strut, Onyx, compared
with the thinner (60 mm), but square strut, Orsiro,
with benefit extending to 2 years (hazard ratio: 0.38;
95% CI: 0.14 to 1.07; P ¼ 0.057).17 This observation is
consistent with preclinical studies relating peri-strut
shear stress abnormalities to strut geometry and
suggests that geometry may, in part, mitigate dif-
ferences in strut thickness.8 Thus, the relative
benefit of Orsiro and Onyx in the current study finds
precedent bench and RCCT support. However, the
relative benefit observed for Ultimaster may not be
explained by either strut thickness (80 mm) or poly-
mer distribution (abluminal only) and is confounded
by small sample size. If this is true, Ultimaster
benefit might be ascribed to unique polymer
composition (gradient poly[DL-lactide]–ε-capro-
lactone) and time course for concurrent polymer
resorption/drug delivery (3-4 months) which have
been associated with more rapid endothelial
coverage, greater endothelial barrier protein
(vascular endothelial–cadherin) expression, and a
favorable endothelial cell shape index.18 Third, the
definition of CHIP is broad and eclectic so that
benefit derived from a specific DES type will likely
reflect similar benefit in other subgroups within a
large-scale RCCT. Thus, although several of the in-
vestigators’ observations appear mechanistically
plausible, verification by large-scale RCCT is
required. Too often, stent iterations with theoretic
appeal based on bench or observational clinical
experience fail to produce the expected clinical
benefit when evaluated in large-scale RCCT. As the
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investigators acknowledge, this analysis should be
considered hypothesis-generating.

FUNDING SUPPORT AND AUTHOR DISCLOSURES

Dr Kereiakes is a consultant for SINO Medical Sciences Technologies,

Inc, Elixir Medical, Inc, and Svelte Medical Systems, Inc.
ADDRESS FOR CORRESPONDENCE: Dr Dean J.
Kereiakes, Lindner Research Center at the Christ
Hospital, 2123 Auburn Avenue, Suite 424, Cincinnati,
Ohio 45219, USA. E-mail: Dean.Kereiakes@
thechristhospital.com.
RE F E RENCE S
1. Madhavan MV, Kirtane AJ, Redfors B, et al.
Stent-related adverse events >1 year after
percutaneous coronary intervention. J Am Coll
Cardiol. 2020;75:590–604.

2. Iantorno M, Lipinski MJ, Torguson R, et al.
Thinner struts in drug-eluting stents are associ-
ated with better outcomes: a network meta-
analysis of randomized controlled trials. J Am
Coll Cardiol Intv. 2018;11(suppl 4):S25.

3. Bangalore S, Toklu B, Patel N, Feit F, Stone GW.
New-generation ultrathin strut drug-eluting
stents versus older second-generation thicker
strut drug-eluting stents for coronary artery dis-
ease. Circulation. 2018;138:2216–2226.

4. Madhavan MV, Howard JP, Naqvi A, et al. Long-
term follow-up after ultrathin vs. conventional
2nd-generation drug-eluting stents: a systematic
review and meta-analysis of randomized
controlled trials. Eur Heart J. 2021;42:2643–2654.

5. Torii S, Jinnouchi H, Sakamoto A, et al. Drug-
eluting coronary stents: insights from pre-clinical
and pathology studies. Nat Rev Cardiol. 2020;17:
37–51.

6. Kolandaivelu K, Swaminathan R, Gibson WJ,
et al. Stent thrombogenicity early in high-risk
interventional settings is driven by stent design
and deployment and protected by polymer-drug
coatings. Circulation. 2011;123:1400–1409.

7. Kawamoto H, Jabbour RJ, Tanaka A, Latib A,
Colombo A. The bioresorbable scaffold: will
oversizing affect outcomes? J Am Coll Cardiol Intv.
2016;9:299–300.

8. Mejia J, Ruzzeh B, Mongrain R, Leask R,
Bertrand OF. Evaluation of the effect of stent strut
profile on shear stress distribution using statistical
moments. BioMed Eng OnLine. 2009;8:8.

9. El-Hayek G, Bangalore S, Dominguez AC, et al.
Meta-analysis of randomized clinical trials
comparing biodegradable polymer drug-eluting
stent to second-generation durable polymer
drug-eluting stents. J Am Coll Cardiiol Intv.
2017;10:462–473.

10. Ormiston JA, Webber B, Ubod B, White J,
Webster MWI. Stent longitudinal strength
assessed using point compression: insights from
second-generation, clinically related bench test.
Circ Cardiovasc Interv. 2014;7:62–69.

11. Kelly CR, Teirstein PS, Meredith IT, et al. Long-
term safety and efficacy of platinum chromium
everolimus-eluting stents in coronary artery dis-
ease: 5-year results from the PLATINUM trial. J Am
Coll Cardiol Intv. 2017;10:2392–2400.

12. Jeong YJ, Hyun J, Lee J, et al. Comparison of
contemporary drug-eluting stents in patients un-
dergoing complex high-risk indicated procedures.
JACC: Asia. 2022;2:182–193.

13. Buiten RA, Ploumen EH, Zocca P, et al. Out-
comes in patients treated with thin-strut, very
thin-strut, or ultrathin-strut drug-eluting stents in
small coronary vessels: a prespecified analysis of
the randomized BIO-RESORT trial. JAMA Cardiol.
2019;4:659–669.

14. Buccheri S, Sarno G, Erlinge D, et al. Clinical
outcomes with unselected use of an ultrathin-strut
sirolimus-eluting stent: a report from the Swedish
Coronary Angiography and Angioplasty Registry
(SCAAR). EuroIntervention. 2021;16:1413–1421.

15. Pilgram T, Rothenbühler M, Siontis GCM, et al.
Biodegradable polymer sirolimus-eluting stents
vs. durable polymer everolimus-eluting stents in
patients undergoing percutaneous coronary
intervention: a meta-analysis of individual patient
data from 5 randomized trials. Am Heart J.
2021;235:140–148.

16. Colombo A, Mangieri A. To be among the best:
a difficult task. EuroIntervention. 2021;16:1381–
1383.

17. Buiten RA, Ploumen EH, Zocca P, et al. Thin
composite-wire-strut zotarolimus-eluting stents
versus ultrathin-strut sirolimus-eluting stents in
BIONYX at 2 years. J Am Coll Cardiol Intv. 2020;13:
1100–1109.

18. Mori H, Cheng Q, Lutter C, et al. Endothelial
barrier protein expression in biodegradable poly-
mer sirolimus-eluting versus durable polymer
everolimus-eluting metallic stents. J Am Coll
Cardiol Intv. 2017;10:2375–2387.

KEY WORDS coronary intervention, coronary
stents, drug-eluting stents

mailto:Dean.Kereiakes@thechristhospital.com
mailto:Dean.Kereiakes@thechristhospital.com
http://refhub.elsevier.com/S2772-3747(21)00172-1/sref1
http://refhub.elsevier.com/S2772-3747(21)00172-1/sref1
http://refhub.elsevier.com/S2772-3747(21)00172-1/sref1
http://refhub.elsevier.com/S2772-3747(21)00172-1/sref1
http://refhub.elsevier.com/S2772-3747(21)00172-1/sref1
http://refhub.elsevier.com/S2772-3747(21)00172-1/sref2
http://refhub.elsevier.com/S2772-3747(21)00172-1/sref2
http://refhub.elsevier.com/S2772-3747(21)00172-1/sref2
http://refhub.elsevier.com/S2772-3747(21)00172-1/sref2
http://refhub.elsevier.com/S2772-3747(21)00172-1/sref2
http://refhub.elsevier.com/S2772-3747(21)00172-1/sref3
http://refhub.elsevier.com/S2772-3747(21)00172-1/sref3
http://refhub.elsevier.com/S2772-3747(21)00172-1/sref3
http://refhub.elsevier.com/S2772-3747(21)00172-1/sref3
http://refhub.elsevier.com/S2772-3747(21)00172-1/sref3
http://refhub.elsevier.com/S2772-3747(21)00172-1/sref4
http://refhub.elsevier.com/S2772-3747(21)00172-1/sref4
http://refhub.elsevier.com/S2772-3747(21)00172-1/sref4
http://refhub.elsevier.com/S2772-3747(21)00172-1/sref4
http://refhub.elsevier.com/S2772-3747(21)00172-1/sref4
http://refhub.elsevier.com/S2772-3747(21)00172-1/sref4
http://refhub.elsevier.com/S2772-3747(21)00172-1/sref5
http://refhub.elsevier.com/S2772-3747(21)00172-1/sref5
http://refhub.elsevier.com/S2772-3747(21)00172-1/sref5
http://refhub.elsevier.com/S2772-3747(21)00172-1/sref5
http://refhub.elsevier.com/S2772-3747(21)00172-1/sref6
http://refhub.elsevier.com/S2772-3747(21)00172-1/sref6
http://refhub.elsevier.com/S2772-3747(21)00172-1/sref6
http://refhub.elsevier.com/S2772-3747(21)00172-1/sref6
http://refhub.elsevier.com/S2772-3747(21)00172-1/sref6
http://refhub.elsevier.com/S2772-3747(21)00172-1/sref7
http://refhub.elsevier.com/S2772-3747(21)00172-1/sref7
http://refhub.elsevier.com/S2772-3747(21)00172-1/sref7
http://refhub.elsevier.com/S2772-3747(21)00172-1/sref7
http://refhub.elsevier.com/S2772-3747(21)00172-1/sref8
http://refhub.elsevier.com/S2772-3747(21)00172-1/sref8
http://refhub.elsevier.com/S2772-3747(21)00172-1/sref8
http://refhub.elsevier.com/S2772-3747(21)00172-1/sref8
http://refhub.elsevier.com/S2772-3747(21)00172-1/sref9
http://refhub.elsevier.com/S2772-3747(21)00172-1/sref9
http://refhub.elsevier.com/S2772-3747(21)00172-1/sref9
http://refhub.elsevier.com/S2772-3747(21)00172-1/sref9
http://refhub.elsevier.com/S2772-3747(21)00172-1/sref9
http://refhub.elsevier.com/S2772-3747(21)00172-1/sref9
http://refhub.elsevier.com/S2772-3747(21)00172-1/sref10
http://refhub.elsevier.com/S2772-3747(21)00172-1/sref10
http://refhub.elsevier.com/S2772-3747(21)00172-1/sref10
http://refhub.elsevier.com/S2772-3747(21)00172-1/sref10
http://refhub.elsevier.com/S2772-3747(21)00172-1/sref10
http://refhub.elsevier.com/S2772-3747(21)00172-1/sref11
http://refhub.elsevier.com/S2772-3747(21)00172-1/sref11
http://refhub.elsevier.com/S2772-3747(21)00172-1/sref11
http://refhub.elsevier.com/S2772-3747(21)00172-1/sref11
http://refhub.elsevier.com/S2772-3747(21)00172-1/sref11
http://refhub.elsevier.com/S2772-3747(21)00172-1/sref12
http://refhub.elsevier.com/S2772-3747(21)00172-1/sref12
http://refhub.elsevier.com/S2772-3747(21)00172-1/sref12
http://refhub.elsevier.com/S2772-3747(21)00172-1/sref12
http://refhub.elsevier.com/S2772-3747(21)00172-1/sref13
http://refhub.elsevier.com/S2772-3747(21)00172-1/sref13
http://refhub.elsevier.com/S2772-3747(21)00172-1/sref13
http://refhub.elsevier.com/S2772-3747(21)00172-1/sref13
http://refhub.elsevier.com/S2772-3747(21)00172-1/sref13
http://refhub.elsevier.com/S2772-3747(21)00172-1/sref13
http://refhub.elsevier.com/S2772-3747(21)00172-1/sref14
http://refhub.elsevier.com/S2772-3747(21)00172-1/sref14
http://refhub.elsevier.com/S2772-3747(21)00172-1/sref14
http://refhub.elsevier.com/S2772-3747(21)00172-1/sref14
http://refhub.elsevier.com/S2772-3747(21)00172-1/sref14
http://refhub.elsevier.com/S2772-3747(21)00172-1/sref15
http://refhub.elsevier.com/S2772-3747(21)00172-1/sref15
http://refhub.elsevier.com/S2772-3747(21)00172-1/sref15
http://refhub.elsevier.com/S2772-3747(21)00172-1/sref15
http://refhub.elsevier.com/S2772-3747(21)00172-1/sref15
http://refhub.elsevier.com/S2772-3747(21)00172-1/sref15
http://refhub.elsevier.com/S2772-3747(21)00172-1/sref15
http://refhub.elsevier.com/S2772-3747(21)00172-1/sref16
http://refhub.elsevier.com/S2772-3747(21)00172-1/sref16
http://refhub.elsevier.com/S2772-3747(21)00172-1/sref16
http://refhub.elsevier.com/S2772-3747(21)00172-1/sref17
http://refhub.elsevier.com/S2772-3747(21)00172-1/sref17
http://refhub.elsevier.com/S2772-3747(21)00172-1/sref17
http://refhub.elsevier.com/S2772-3747(21)00172-1/sref17
http://refhub.elsevier.com/S2772-3747(21)00172-1/sref17
http://refhub.elsevier.com/S2772-3747(21)00172-1/sref18
http://refhub.elsevier.com/S2772-3747(21)00172-1/sref18
http://refhub.elsevier.com/S2772-3747(21)00172-1/sref18
http://refhub.elsevier.com/S2772-3747(21)00172-1/sref18
http://refhub.elsevier.com/S2772-3747(21)00172-1/sref18

	Differential Clinical Benefit With Contemporary Drug-Eluting Stents
	Funding Support and Author Disclosures
	References


