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1977	
  :	
  première	
  angioplas,e	
  coronaire	
  par	
  Andreas	
  Gruëntzig.	
  
Depuis	
  ceFe	
  date,	
  les	
  seules	
  innova,ons	
  qui	
  ont	
  su	
  s’imposer	
  correspondaient	
  à	
  un	
  réel	
  besoin	
  et	
  
ont	
  pu	
  prouver	
  leur	
  efficacité	
  et	
  leur	
  sécurité	
  :	
  	
  
-­‐  Le	
  guide	
  orientable	
  (steerable)	
  a	
  facilité	
  le	
  franchissement	
  des	
  lésions,	
  le	
  monorail	
  a	
  simplifié	
  la	
  
manipula,on	
  des	
  cathéters	
  à	
  ballonnet.	
  

-­‐  Le	
  rotablator	
  a	
  permis	
  de	
  traiter	
  les	
  lésions	
  infranchissables	
  ou	
  indilatables.	
  
-­‐  Les	
  premiers	
  stents	
  ont	
  sécurisé	
  l’angioplas,e	
  en	
  traitant	
  les	
  dissec,ons	
  occlusives,	
  supprimant	
  
le	
  recours	
  au	
  stand-­‐by	
  chirurgical.	
  
-­‐  Les	
   bons	
   stents	
   nus	
   (Palmaz	
   &	
   Schatz)	
   ont	
   diminué	
   le	
   risque	
   de	
   resténose	
   en	
   améliorant	
   le	
  
résultat	
  primaire	
  et	
   surtout	
  en	
  empêchant	
   le	
   remodelage	
  cicatriciel	
   tardif	
   constric,f	
  du	
  vaisseau,	
  
malgré	
  une	
  proliféra,on	
  fibreuse	
  délétère…	
  

-­‐  Les	
  stents	
  ac,fs	
  ont	
  supprimé	
  ceFe	
  réac,on	
  fibro-­‐proliféra,ve…	
  



Biomatrix	
  3.5	
  x	
  24	
  
à	
  22B	
  

Biotronik	
  4.0	
  
en	
  	
  2007	
  

Mr	
  Cuz…75	
  ans,	
  agriculteur	
  toujours	
  ac,f.	
  Angor	
  de	
  novo	
  avec	
  ischémie	
  antéro-­‐septale	
  et	
  postérieure	
  
étendue	
  à	
  la	
  scin,graphie.	
  Infarctus	
  rudimentaire	
  postérieur	
  traité	
  par	
  angioplas,e	
  droite	
  en	
  2007.	
  
FE	
  normale,	
  sans	
  trouble	
  de	
  la	
  ciné,que	
  segmentaire.	
  	
  



Xience	
  2.5	
  x	
  48	
  mm	
  
puis	
  POT,	
  kissing,	
  POT	
  

For	
   PCI	
   of	
   bifurca,on	
   lesions,	
   stent	
   implanta,on	
   in	
   the	
   main	
   vessel	
  
only,	
   followed	
   by	
   provisional	
   balloon	
   angioplasty	
   with	
   or	
   without	
  
sten,ng	
  of	
  the	
  side	
  branch,	
  should	
  be	
  the	
  preferred	
  treatment.	
  



2007	
  
panique	
  à	
  l’ESC	
  

	
  
	
  

OCT	
  suggests	
  3	
  differen,al	
  mechanisms	
  of	
  very	
  late	
  stent	
  thrombosis	
  :	
  
1.  uncovered	
  and	
  malapposed	
  stent	
  struts	
  at	
  the	
  culprit	
  lesion.	
  
2.  Late	
  stent	
  malapposi,on	
  caused	
  by	
  thrombus	
  resolu,on	
  or	
  by	
  

posi,ve	
  vessel	
  remodeling.	
  	
  
3.  Enhanced	
  inflamma,on	
  aier	
  DES	
  implanta,on	
  may	
  promote	
  neo-­‐

atherosclerosis	
  and	
  exaggerate	
  vulnerability	
  of	
  this	
  lesion.	
  



Les	
  deux	
  causes	
  de	
  thrombose	
  aiguë	
  ou	
  subaiguë	
  :	
  
A	
  :	
  la	
  dissec,on	
  de	
  bord 	
   	
  B	
  :	
  la	
  mal-­‐apposi,on	
  de	
  stent	
  

In	
  pa,ents	
  with	
  confirmed	
  ST,	
  OCT	
  imaging	
  iden,fied	
  an	
  underlying	
  morphological	
  abnormality	
  in	
  97%	
  of	
  cases.	
  



Les	
  anomalies	
  rencontrées	
  dans	
  les	
  thromboses	
  tardives	
  ou	
  très	
  tardives	
  

Néoathérogénèse	
  avec	
  (E-­‐F)	
  ou	
  sans	
  (D)	
  rupture	
  de	
  plaque	
  	
  

Le	
  stent	
  sous	
  déployé	
  	
  
SA	
  :	
  aire	
  luminale	
  dans	
  le	
  stent	
  
LA	
  :	
  aire	
  luminale	
  de	
  référence…	
  

Mal-­‐apposi,on	
  tardive	
  
provoquée	
  par	
  un	
  	
  remodelage	
  
posi,f	
  élargissant	
  le	
  vaisseau	
  
autour	
  du	
  stent	
  



CONCLUSIONS	
  :	
  Pa,ents	
  who	
  underwent	
  LM	
  PCI	
  by	
  high-­‐volume	
  and	
  experienced	
  operators	
  had	
  beFer	
  short	
  
and	
  long-­‐term	
  prognoses.	
  Operator	
  experience	
  is	
  an	
  important	
  factor	
  in	
  a	
  complex	
  interven,on	
  such	
  as	
  LM	
  PCI.	
  





REVASCULARIZATION	
  VERSUS	
  MEDICAL	
  THERAPY	
  IN	
  STABLE	
  CAD	
  :	
  	
  
A	
  NETWORK	
  META-­‐ANALYSIS	
  Windecker	
  S	
  et	
  al.	
  BMJ	
  2014	
  

	
  
	
  

100	
  RCTS	
  –	
  93.553	
  PATIENTS	
  RANDOMIZED	
  	
  
FOLLOW-­‐UP	
  OF	
  262.090	
  PATIENT-­‐YEARS	
  

PATIENTS	
  RANDOMIZED	
  	
  	
  	
  	
  	
  6,920	
  
FOLLOW-­‐UP 	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  17,678	
  PY	
  

PATIENTS	
  RANDOMIZED	
  	
  	
  	
  	
  	
  6,846	
  
FOLLOW-­‐UP 	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  30,628	
  PY	
  

PATIENTS	
  RANDOMIZED	
  	
  	
  	
  	
  	
  8,920	
  
FOLLOW-­‐UP 	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  38,709	
  PY	
  

PATIENTS	
  RANDOMIZED	
  	
  	
  	
  	
  15,787	
  
FOLLOW-­‐UP 	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  45,467	
  PY	
  

PATIENTS	
  RANDOMIZED	
  	
  	
  	
  	
  12,457	
  
FOLLOW-­‐UP 	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  28,828	
  PY	
  

PATIENTS	
  RANDOMIZED	
  	
  	
  	
  19,391	
  
FOLLOW-­‐UP 	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  45,679	
  PY	
  

PATIENTS	
  RANDOMIZED	
  	
  	
  	
  	
  	
  9,187	
  
FOLLOW-­‐UP 	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  27,384	
  PY	
  

PATIENTS	
  RANDOMIZED	
  	
  	
  	
  14,802	
  
FOLLOW-­‐UP 	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  25,096	
  PY	
  

PATIENTS	
  RANDOMIZED	
  	
  	
  	
  	
  	
  2,035	
  
FOLLOW-­‐UP 	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  3,134	
  PY	
  



FAVOURS REVASCULARIZATION   FAVOURS MEDICAL THERAPY  1 .3 3 

CABG 0.80 (0.70, 0.91) SURGERY	
  

PTCA 0.85 (0.68, 1.04) 

BMS 0.92 (0.79, 1.05) 
EARLY	
  PCI	
  
TECHNIQUES	
  

E-ZES 0.88 (0.69, 1.10) 

SES 0.91 (0.75, 1.10) 

PES 0.92 (0.75, 1.12) 
EARLY-­‐GENERATION	
  	
  
DES	
  

R-ZES 0.65 (0.42, 1.00) 
EES 0.75 (0.59, 0.96) 

NEW-­‐GENERATION	
  	
  
DES	
  

RATE	
  RATIO	
  (95%	
  CI)	
  

100	
  RCTS	
  –	
  93.553	
  PATIENTS	
  RANDOMIZED	
  	
  
FOLLOW-­‐UP	
  OF	
  262.090	
  PATIENT-­‐YEARS	
  

Revasculariza,on	
  versus	
  Medical	
  Therapy	
  in	
  Stable	
  CAD	
  :	
  A	
  Network	
  Meta-­‐Analysis	
  
Windecker	
  S	
  et	
  al.	
  BMJ	
  2014	
  
	
  
All	
  cause	
  mortality	
  





Le	
  cahier	
  des	
  charges	
  d’un	
  stent	
  moderne	
  
	
  

•  Facile	
  à	
  délivrer	
  sur	
  sa	
  cible,	
  sur	
  toutes	
  anatomies,	
  quels	
  que	
  soient	
  le	
  calibre,	
  les	
  sinuosités,	
  
la	
  posi,on	
  de	
  la	
  lésion,	
  la	
  texture	
  de	
  l’athérome…	
  

•  Disponibilité	
  d’un	
  grand	
  choix	
  de	
  diamètres	
  et	
  longueurs	
  
•  Mailles	
  fines	
  et	
  profilées,	
  peu	
  agressives	
  lors	
  de	
  l’incrusta,on	
  du	
  stent	
  
•  Déploiement	
  homogène	
  et	
  harmonieux	
  des	
  mailles	
  assurant	
  un	
  bon	
  étayage	
  de	
  la	
  paroi,	
  avec	
  

une	
  bonne	
  résistance	
  à	
  la	
  rétrac,on	
  précoce	
  des	
  ,ssus	
  et	
  au	
  remodelage	
  constric,f	
  tardif	
  
•  Malléable	
  et	
  conformable	
  pour	
  s’adapter	
  à	
  l’anatomie	
  +++	
  
•  Matériau	
  biocompa,ble,	
  peu	
  thrombogène	
  
•  Rapidement	
  endothélialisé	
  sans	
  pour	
  autant	
  induire	
  de	
  réac,on	
  fibro-­‐proliféra,ve	
  excessive…	
  
•  Le	
   moins	
   de	
   matériel	
   possible,	
   et	
   si	
   possible	
   rapidement	
   résorbable	
   pour	
   éviter	
   les	
  

hypersensibilités	
  délétères	
  sur	
  le	
  long	
  terme	
  (néo-­‐athérogénèse,	
  thromboses	
  tardives...)	
  

Bref,	
  facile	
  à	
  u:liser,	
  fiable,	
  sûr,	
  
à	
  faible	
  risque	
  de	
  resténose	
  et	
  de	
  thrombose,	
  	
  
il	
  doit	
  pardonner	
  les	
  imperfec:ons	
  techniques…	
  







MLD	
  max	
  
	
  
5.7mm	
  
	
  
	
  
5.6mm	
  
	
  
	
  
5.2mm	
  
	
  
	
  
5.8mm	
  
	
  
	
  

5.5mm	
  
5.9 for XL size 
	
  
	
  
5.5mm	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  



Mr	
  Rol…	
  86	
  ans,	
  très	
  ac,f.	
  Hypertendu.	
  
Dyspnée	
  évoluant	
  crescendo,	
  invalidante.	
  
Examen,	
  Echo	
  cardiaque	
  normaux.	
  Excellent	
  VG	
  
Scin,graphie	
   myocardique	
   :	
   ergométrie	
   stoppée	
   à	
  
90w	
   :	
   -­‐	
  4mm	
  p<0	
  de	
  V1	
  à	
  V6	
  contrastant	
  avec	
  une	
  
fixa,on	
   du	
   traceur	
   normale.	
   Récupéra,on	
   lente…
hospitalisé	
  au	
  décours	
  de	
  la	
  scin,.	
  
	
  



Lésion	
  anfractueuse	
  bourgeonnante	
  
calcifiée	
  du	
  tronc	
  commun	
  os,al.	
  
Lésion	
  en	
  rappel	
  sur	
  le	
  tronc	
  diagonal.	
  
Staff	
  médico-­‐chirurgical….	
  
	
  



Staff	
  médico-­‐chirurgical….	
  
Décision	
  de	
  pontages,	
  que	
  le	
  
pa,ent	
  refuse	
  formellement…	
  
	
  
Stratégie	
  d’u,lisa,on	
  première	
  
du	
  rotablator	
  puis	
  stent	
  ac,f…	
  
	
  
Cathéter	
  7F	
  EBU	
  3.5	
  
Rotawire	
  ES	
  
Fraise	
  1.75	
  puis	
  2	
  mm	
  



Mr	
  Rol…	
  
	
  
Cathéter	
  7F	
  EBU	
  3.5	
  
Rotawire	
  ES	
  puis	
  Fraise	
  1.75	
  puis	
  2	
  mm	
  



Whisper	
  Extra	
  Support	
  dans	
  la	
  distalité	
  de	
  la	
  diagonale	
  Sion	
  Blue	
  dans	
  la	
  circonflexe,	
  
puis	
  prédilata,on	
  de	
  la	
  diagonale	
  à	
  18	
  bars	
  par	
  un	
  ballon	
  3.0	
  x	
  15	
  mm	
  Sapphire	
  NC	
  
et	
  implanta,on	
  d'un	
  stent	
  Uldmaster	
  3.0	
  x	
  15	
  surdilaté	
  à	
  20	
  bars.	
  	
  



POT	
  side	
  POT	
  

Mr	
  Rol…	
  

	
  
Uldmaster	
  4.0	
  x	
  15	
  à	
  22	
  bars	
  sur	
  le	
  
tronc	
  commun.	
  	
  
Le	
  guide	
  de	
  protec,on	
  de	
  la	
  circonflexe	
  
est	
   reculé,	
   repassé	
   à	
   travers	
   la	
   maille	
  
puis	
   ouverture	
   de	
   la	
   maille	
   par	
   un	
  
ballon	
  Sapphire	
  NC	
  3.5	
  mm	
  gonflé	
  à	
  15	
  
bars.	
  Surdilata,on	
  par	
  un	
  5	
  x	
  10	
  NC	
  de	
  
l'Ul,master	
  à	
  25	
  bars.	
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BACKGROUND
Patients with obstructive left main coronary artery disease are usually treated with 
coronary-artery bypass grafting (CABG). Randomized trials have suggested that 
drug-eluting stents may be an acceptable alternative to CABG in selected patients 
with left main coronary disease.
METHODS
We randomly assigned 1905 eligible patients with left main coronary artery disease 
of low or intermediate anatomical complexity to undergo either percutaneous coro-
nary intervention (PCI) with fluoropolymer-based cobalt–chromium everolimus-eluting 
stents (PCI group, 948 patients) or CABG (CABG group, 957 patients). Anatomic com-
plexity was assessed at the sites and defined by a Synergy between Percutaneous Coro-
nary Intervention with Taxus and Cardiac Surgery (SYNTAX) score of 32 or lower (the 
SYNTAX score reflects a comprehensive angiographic assessment of the coronary vas-
culature, with 0 as the lowest score and higher scores [no upper limit] indicating more 
complex coronary anatomy). The primary end point was the rate of a composite of death 
from any cause, stroke, or myocardial infarction at 3 years, and the trial was powered 
for noninferiority testing of the primary end point (noninferiority margin, 4.2 percent-
age points). Major secondary end points included the rate of a composite of death from 
any cause, stroke, or myocardial infarction at 30 days and the rate of a composite of 
death, stroke, myocardial infarction, or ischemia-driven revascularization at 3 years. 
Event rates were based on Kaplan–Meier estimates in time-to-first-event analyses.
RESULTS
At 3 years, a primary end-point event had occurred in 15.4% of the patients in the 
PCI group and in 14.7% of the patients in the CABG group (difference, 0.7 percent-
age points; upper 97.5% confidence limit, 4.0 percentage points; P = 0.02 for non-
inferiority; hazard ratio, 1.00; 95% confidence interval, 0.79 to 1.26; P = 0.98 for 
superiority). The secondary end-point event of death, stroke, or myocardial infarc-
tion at 30 days occurred in 4.9% of the patients in the PCI group and in 7.9% in 
the CABG group (P<0.001 for noninferiority, P = 0.008 for superiority). The second-
ary end-point event of death, stroke, myocardial infarction, or ischemia-driven re-
vascularization at 3 years occurred in 23.1% of the patients in the PCI group and 
in 19.1% in the CABG group (P = 0.01 for noninferiority, P = 0.10 for superiority).
CONCLUSIONS
In patients with left main coronary artery disease and low or intermediate SYNTAX scores 
by site assessment, PCI with everolimus-eluting stents was noninferior to CABG with 
respect to the rate of the composite end point of death, stroke, or myocardial infarction 
at 3 years. (Funded by Abbott Vascular; EXCEL ClinicalTrials.gov number, NCT01205776.)

a bs tr ac t

Everolimus-Eluting Stents or Bypass Surgery for Left Main 
Coronary Artery Disease

G.W. Stone, J.F. Sabik, P.W. Serruys, C.A. Simonton, P. Généreux, J. Puskas, D.E. Kandzari, M.-C. Morice, N. Lembo, 
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S. Mansour, N. Noiseux, M. Sabaté, J. Pomar, M. Hickey, A. Gershlick, P. Buszman, A. Bochenek, E. Schampaert, 
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arterial revascularization, and transesophageal 
ultrasonography were used more frequently in the 
current trial than in the SYNTAX trial,21 which 
probably contributed to the low rates of surgery-
related death and stroke that we observed.

The composite primary end point is sensitive 
to the protocol definition of myocardial infarc-
tion, which varied from the definition used in the 
SYNTAX trial and the Third Universal Definition 

of Myocardial Infarction.22,23 The study leadership 
of surgeons and interventionalists thought it 
important to use an identical definition of myo-
cardial infarction for both PCI and CABG to 
minimize ascertainment bias and to use a defi-
nition that is clinically relevant. The biomarker 
threshold chosen to indicate periprocedural myo-
cardial infarction in the case of both revascular-
ization procedures (a rise in the level of the MB 

Figure 1. Time-to-Event Curves for the Primary Composite End Point and its Components.

Panel A shows the results of the analysis of the primary composite end point of death, stroke, or myocardial infarction at 3 years. Results  
of analyses of the components of the primary end point are shown in Panel B (death from any cause), Panel C (stroke), and Panel D 
(myocardial infarction). Event rates were based on Kaplan–Meier estimates in time-to-first-event analyses. Hazard ratios are for the pa-
tients who underwent percutaneous coronary intervention (PCI) with everolimus-eluting stents. The rates of stroke and myocardial in-
farction are nonhierarchical (i.e., fatal and nonfatal events were included). In each panel, the inset shows the same data on an enlarged 
y axis. CABG denotes coronary-artery bypass grafting.
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CABG	
  
PCI	
  

Events	
  at	
  a	
  mean	
  
follow-­‐up	
  of	
  3	
  years	
  



7  Nerlekar et al  PCI Versus CABG for Left Main Coronary Artery Disease 

revascularization rates were not reported in all trials, which 
made it difficult to assess the durability of DES results. Third, 
the included randomized studies used a variety of DES plat-
forms with differing stent designs. Thus, the pooled event 
rates, including repeat revascularization, may not accurately 
reflect the performance of any one particular DES. Fourth, 
ORs were chosen to represent differences in clinical out-
comes and have potential to overestimate effect size, particu-
larly when the risk of events is high or when the OR departs 
from unity. However, the overall clinical event rates and ORs 
reported were modest and are unlikely to have significantly 
misrepresented differences between revascularization strate-
gies.28 Finally, we did not have access to patient-level data 
and have, therefore, been unable to assess the effect of spe-
cific patient or procedural characteristics that may influence 
clinical end points.

Conclusions
PCI using DES and CABG are equally safe methods of revas-
cularization for patients with significant ULMCA stenosis in 
patients at low surgical risk. However, CABG is associated 
with significantly lower rates of repeat revascularization. 
Multidisciplinary teams should be aware of these results when 
considering treatment options.
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Around 5% of patients undergoing coronary angiography 
are found to have significant unprotected left main coro-

nary artery (ULMCA) stenosis.1 Patients with ULMCA steno-
sis are typically advised to undergo revascularization because 
this has been shown to improve prognosis when compared 
with optimal medical therapy.2 Historically, coronary artery 
bypass grafting (CABG) has been considered the preferred 
method for revascularization based on a wealth of data dem-
onstrating the safety and durability of surgery.3 This has been 
reflected in current international guidelines, where CABG 
carries a class I recommendation for ULMCA disease.4,5

Percutaneous coronary intervention (PCI) is becoming 
increasingly used as an alternative method of ULMCA revas-
cularization. The development of drug-eluting stents (DES) 
has significantly reduced repeat revascularization rates after 
PCI, whereas advances in technique permit treatment of more 
complex coronary anatomies including the distal ULMCA 
bifurcation. Clinical trials comparing PCI and CABG for 
ULMCA stenosis have shown that subsequent major adverse 
cardiovascular event rates between treatment strategies were 
similar. However, these trials were limited in their ability to 
definitely answer whether individual clinical end points were 

Background—Current guidelines suggest that coronary artery bypass grafting (CABG) should be the preferred 
revascularization method for unprotected left main coronary artery stenosis. In light of evidence from recent randomized 
trials, we assessed whether percutaneous coronary intervention (PCI) using drug-eluting stents is as safe and effective as 
CABG for the treatment of unprotected left main coronary artery disease.

Methods and Results—Digital databases and manual searches were performed for randomized trials comparing PCI and 
CABG for unprotected left main coronary artery stenosis. Among 3887 potentially relevant studies, 5 met inclusion 
criteria. The primary safety end point was defined as the composite of all-cause death, myocardial infarction, or stroke. 
Secondary end points included a clinical effectiveness composite, which was defined as all-cause death, myocardial 
infarction, stroke, or repeat revascularization. Summary estimates were obtained using random-effects modeling. In total, 
4594 patients were included in the analysis. There was no significant difference in the primary safety end point between 
the revascularization strategies (odds ratio [OR], 0.97; 95% confidence interval [CI], 0.79–1.17; P=0.73). However, when 
compared with CABG, PCI was less effective (OR, 1.36; 95% CI, 1.18–1.58; P<0.001) because of significantly higher 
rates of repeat revascularization (OR, 1.85; 95% CI, 1.53–2.23; P<0.001). The incidence of all-cause death (OR, 1.03; 
95% CI, 0.78–1.35; P=0.61), myocardial infarction (OR, 1.46; 95% CI, 0.88–2.45; P=0.08), and stroke (OR, 0.88; 95% 
CI, 0.39–1.97; P=0.53) did not differ between PCI and CABG.

Conclusions—PCI using drug-eluting stents and CABG are equally safe methods of revascularization for patients at 
low surgical risk with significant unprotected left main coronary artery stenosis. However, CABG is associated with 
significantly lower rates of repeat revascularization.  (Circ Cardiovasc Interv. 2016;9:e004729. DOI: 10.1161/
CIRCINTERVENTIONS.116.004729.)

Key Words: coronary angiography ◼ coronary artery bypass ◼ drug-eluting stent ◼ meta-analysis  
◼ percutaneous coronary intervention

© 2016 American Heart Association, Inc.

Circ Cardiovasc Interv is available at http://circinterventions.ahajournals.org DOI: 10.1161/CIRCINTERVENTIONS.116.004729

Received November 9, 2016; accepted November 17, 2016.
From the Monash Cardiovascular Research Centre, Monash University, Clayton, Victoria, Australia (N.N., F.J.H., K.P.V., J.D.C., I.T.M., A.J.B.); 

MonashHeart, Clayton, Victoria, Australia (N.N., F.J.H., K.P.V., J.D.C., I.T.M., A.J.B.); Monash Health, Clayton, Victoria, Australia (N.N., F.J.H., K.P.V., 
J.D.C., I.T.M., A.J.B.); and Division of Cardiovascular Medicine, University of Cambridge, United Kingdom (M.R.B., A.J.B.).

The Data Supplement is available at http://circinterventions.ahajournals.org/lookup/suppl/doi:10.1161/CIRCINTERVENTIONS.116.004729/-/DC1.
Correspondence to Adam J. Brown, MD, PhD, Monash Cardiovascular Research Centre, Monash University, Clayton, Victoria, Australia. E-mail 

ajdbrown@me.com

Percutaneous Coronary Intervention Using Drug-Eluting 
Stents Versus Coronary Artery Bypass Grafting for 
Unprotected Left Main Coronary Artery Stenosis

A Meta-Analysis of Randomized Trials

Nitesh Nerlekar, MBBS, MPH; Francis J. Ha, BMedSci; Kunal P. Verma, MBBS;  
Martin R. Bennett, MD, PhD; James D. Cameron, MBBS, MD, MEngSc;  

Ian T. Meredith, MBBS, PhD; Adam J. Brown, MD, PhD

Expedited Publication

 by guest on Septem
ber 24, 2017

http://circinterventions.ahajournals.org/
D

ow
nloaded from

 
 by guest on Septem

ber 24, 2017
http://circinterventions.ahajournals.org/

D
ow

nloaded from
 

 by guest on Septem
ber 24, 2017

http://circinterventions.ahajournals.org/
D

ow
nloaded from

 
 by guest on Septem

ber 24, 2017
http://circinterventions.ahajournals.org/

D
ow

nloaded from
 

 by guest on Septem
ber 24, 2017

http://circinterventions.ahajournals.org/
D

ow
nloaded from

 
 by guest on Septem

ber 24, 2017
http://circinterventions.ahajournals.org/

D
ow

nloaded from
 

 by guest on Septem
ber 24, 2017

http://circinterventions.ahajournals.org/
D

ow
nloaded from

 
 by guest on Septem

ber 24, 2017
http://circinterventions.ahajournals.org/

D
ow

nloaded from
 

 by guest on Septem
ber 24, 2017

http://circinterventions.ahajournals.org/
D

ow
nloaded from

 
 by guest on Septem

ber 24, 2017
http://circinterventions.ahajournals.org/

D
ow

nloaded from
 

 by guest on Septem
ber 24, 2017

http://circinterventions.ahajournals.org/
D

ow
nloaded from

 
 by guest on Septem

ber 24, 2017
http://circinterventions.ahajournals.org/

D
ow

nloaded from
 

 by guest on Septem
ber 24, 2017

http://circinterventions.ahajournals.org/
D

ow
nloaded from

 
 by guest on Septem

ber 24, 2017
http://circinterventions.ahajournals.org/

D
ow

nloaded from
 

 by guest on Septem
ber 24, 2017

http://circinterventions.ahajournals.org/
D

ow
nloaded from

 
 by guest on Septem

ber 24, 2017
http://circinterventions.ahajournals.org/

D
ow

nloaded from
 

 by guest on Septem
ber 24, 2017

http://circinterventions.ahajournals.org/
D

ow
nloaded from

 
 by guest on Septem

ber 24, 2017
http://circinterventions.ahajournals.org/

D
ow

nloaded from
 

 by guest on Septem
ber 24, 2017

http://circinterventions.ahajournals.org/
D

ow
nloaded from

 
 by guest on Septem

ber 24, 2017
http://circinterventions.ahajournals.org/

D
ow

nloaded from
 

Circ	
  Cardiovasc	
  Interv	
  2016;9:e004729	
  	
  

	
  

2  Nerlekar et al  PCI Versus CABG for Left Main Coronary Artery Disease 

significantly different between revascularization strategies. 
Previous meta-analyses have been influenced by the inclusion 
of observational studies,6,7 whereas results of additional mul-
ticenter randomized trials are now available.8,9 We, therefore, 
performed an updated systematic review and meta-analysis 
of randomized trials to evaluate clinical outcomes with PCI 
using DES compared with CABG in patients with significant 
ULMCA stenosis.

Methods

Data Sources and Search Strategy
A digital literature search was performed through the MEDLINE, 
EMBASE, and PubMed databases for the period January 1, 2000, to 
October 31, 2016. Keywords using Medical Subject Heading (MeSH), 
where available, included percutaneous coronary intervention, drug-elut-
ing stent, coronary artery bypass, coronary artery disease, and left main. 
The search was not limited by language. Reference lists of eligible articles 
and previous meta-analyses were reviewed for further potential citations, 
along with a manual search through presentations and abstracts of major 
international conferences. The study protocol was prospectively regis-
tered with the PROSPERO international register (CRD42016050141) 
and fully adhered to the PRISMA statement (Preferred Reporting Items 
for Systematic Reviews and Meta-Analyses).10 An example search strat-
egy is presented in Table I in the Data Supplement.

Study Selection
Study characteristics for inclusion were as follows: (1) randomized 
controlled clinical trial, (2) involvement of left main coronary artery, 
(3) comparison of clinical outcomes between CABG and PCI using 
DES, and (4) fully published status. Only studies that specified out-
comes in treatment of left main coronary artery disease and evalu-
ated PCI involving DES platforms were included. Studies that did not 
specify clinical outcomes in the treatment of ULMCA specifically 
or used bare-metal stents or a combination of bare-metal stents and 
DES were excluded. Studies arising from observational registry data 

or that evaluated only angiographic outcomes without assessment of 
clinical outcomes at follow-up were also excluded. We evaluated clin-
ical outcomes for each trial, with preference for the longest reported 
follow-up. The study characteristics are presented in Table II in the 
Data Supplement.

Data Items and Collection Process
Data items to be collected were specified before the literature 
search. Two investigators (N.N. and F.J.H.) independently con-
ducted the literature search and performed data extraction for study 
design, baseline demographics, angiographic characteristics, and 
clinical outcomes. Extracted data were verified by the senior author 
(A.J.B.), with any discrepancies resolved by consensus. Risk of bias 
within individual articles was assessed according to the Cochrane 
Collaboration Assessment for risk of bias in included studies (Table 
III in the Data Supplement).

Clinical End Points
The primary end point of this study was clinical safety, defined as a 
composite of all-cause death, myocardial infarction (MI), or stroke. 
Secondary end points included an effectiveness/safety composite 
(henceforth called effectiveness end point), which was defined as all-
cause death, MI, stroke, or repeat revascularization. Other secondary 
end points included all individual components of the effectiveness 
composite. Although the definition of MI varied slightly between tri-
als, all required an elevation in cardiac biomarkers (either creatine 
kinase MB or troponin). However, the thresholds used for MI diag-
nosis and timing of definitions varied between trials. Periprocedural 
MI was included in 4 trials,9,11–13 whereas 1 trial only assessed non-
procedural MI.8 Stroke was generally defined as the rapid or sudden 
onset of new neurological deficit persisting for >24 hours with no 
apparent nonvascular cause. Repeat revascularization was preferen-
tially defined as ischemia-driven revascularization by either PCI or 
CABG. If these data were not reported, then data on any repeat re-
vascularization were taken. Comprehensive details of individual trial 
end points and trial definitions are presented in Tables IV and V in the 
Data Supplement.

Statistical Analysis
Data were analyzed by random-effects modeling for the primary end 
point and for analysis of individual secondary end points. We also per-
formed additional analyses for both the primary and secondary effec-
tiveness composites in studies reporting 1-year outcomes. Sensitivity 
analyses were performed to assess differences between early- and 
newer-generation DES, by duration of clinical follow-up (≤36 versus 
>36 months), by patients with and without diabetes mellitus, and by 
complexity of coronary artery disease as defined by the SYNTAX 
(Synergy Between Percutaneous Coronary Intervention With TAXUS 
and Cardiac Surgery) score (<22 versus ≥22). Summary statistics are 
reported as pooled odds ratios (ORs) with 95% confidence intervals 
(CIs). Statistical heterogeneity was quantified with the I2 statistic. 
Heterogeneity was quantified as low, moderate, or high based on I2 
values of 25%, 50%, and 75%, respectively.14 Publication bias was 
visually assessed by funnel plots. A 2-sided P value of <0.05 was 
considered significant. Statistical analyses were performed using 
Stata MP 14.0 (Stata Corp LP, College Station, TX) and the metan 
suite of commands.

Results
A total of 3887 citations were reviewed and screened, with 27 
studies identified for potential inclusion and further evalua-
tion. Of these articles, 22 studies were excluded because they 
either did not specifically report clinical outcomes in ULMCA 
disease (13 studies) or reported clinical outcomes at an earlier 
time point (3 studies). Other reasons for study exclusion are 
provided in the PRISMA study flow chart (Figure 1).

WHAT IS KNOWN

There is continued debate on the optimal revascular-
ization strategy for patients with significant left main 
coronary artery stenosis.
Previous meta-analyses comparing percutaneous 
coronary intervention and coronary artery bypass 
grafting have demonstrated equivalence between 
revascularization strategies but are influenced by in-
clusion of observational data.

WHAT THE STUDY ADDS

This meta-analysis is limited to randomized trials 
at the longest reported follow-up duration and dem-
onstrates no difference in clinical safety outcomes 
between percutaneous coronary intervention using 
drug-eluting stents and coronary artery bypass graft-
ing in patients at low surgical risk.
However, coronary artery bypass grafting may be a 
more clinically effective revascularization strategy 
because percutaneous coronary intervention is asso-
ciated with significantly higher rates of repeat revas-
cularization at long-term follow-up.
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Trial Design 
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Prospective, double-blind randomized  (1:1) trial 
2466 High bleeding risk (HBR) PCI patients 

vs.  

DAPT mandated for 1 month only, followed by long-term SAPT 

BioFreedom™  
DCS 

Gazelle™ 
BMS 

• Primary safety endpoint: 
Composite of cardiac death, MI, definite / probable stent thrombosis at 1 year         
(non-inferiority then superiority) 

• Primary efficacy endpoint: 
Clinically-driven TLR at 1 year (superiority) 

Urban P et al. Am Heart J 2013; 165: 704-9  

Drug Coated Stent (DCS) 

BioFreedom™ 

Potential Advantages: 
9 Avoid any possible polymer-related adverse effects 
9 Rapid drug transfer to vessel wall (98% within one month1) 
9 Safe to shorten DAPT?  

1. Tada et al., Circ Cardiovasc Interv 2010;3;174-183 
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Independent Predictors of Bleeding and Thrombosis 
(Hazard Ratio % 95% CI) 

Thrombotic Events Major Bleeding 
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The	
  major	
  bleeding	
  rate	
  was	
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  recipients	
  (7.3	
  vs.	
  8.2%,	
  p	
  =	
  0.55).	
  	
  

other anti-thromboticmedicationwas left to the discretion of the inves-
tigator. The trial demonstrated that patients treated with BA9 DCS had
superior outcomes for both the primary safety endpoint (cumulative
incidence of a composite of cardiac death, myocardial infarction, or
definite or probable stent thrombosis) and the primary efficacy end-
points (clinically driven target lesion revascularization [cd TLR]). We
report here the characteristics and outcomes of the pre-specified
group of elderly patients (aged ≥ 75). In addition, we analyzed the sub-
set of patients whose age was their sole inclusion criterion and finally
compared the baseline characteristics and outcomes of older and
younger patients included in the trial.

2. Methods

2.1. Design and methods

2.1.1. Patients and methods
All patients from the LEADERS FREE trial aged 75 or more who com-

pleted follow-up were included in this analysis. The methods of the
LEADERS FREE double- blinded randomized trial have been described
previously [18,19]. In short, 2466 high bleeding risk patients were
enrolled by 68 sites in 20 countries. Themost frequent inclusion criteria
were age ≥75, oral anticoagulant treatment, recent bleeding, anemia,
and co-morbid conditions such as chronic renal failure or cancer.

Patients were randomly assigned in a 1:1 ratio to undergo PCI with a
polymer-free BA9-coated stent or a similar bare-metal stent (BioFreedom
and Gazelle stent, Biosensors Europe, SA). All patients received 1 month
of DAPT. Patient visits were performed at 30 days and 1 year and
telephone contact at 2 and 4 months. Both primary endpoints (efficacy:
clinically driven TLR and safety: composite of cardiac death, MI and
stent thrombosis) aswell as bleeding according to the Bleeding Academic
Research Consortium (BARC) [20] were recorded up to 390 days.

2.1.2. Study proceedings
PCI was performed using standard techniques. All target lesions

were treated with at least one study stent. Staged procedures were
permitted within 1 week of the index procedure.

2.1.3. Statistical analysis
Continuous variables are presented as mean ± SD, and categorical

data as counts and percentages. For comparing characteristics on
patient level for continuous variables a 2 sample t-test was used.
Categorical variables were compared using a chi-square test.Whenever
appropriate a Fisher exact test was used instead.

Due to the nature of the data, (time to event variables) and the ob-
jective of this analysis (comparison of DCS vs. BMS outcomes in elderly
patients) survival methods were used. Hazard ratios and their 95%
confidence intervals were derived from an unadjusted Cox proportional
hazard model. Cumulative incidence rates are based on the Kaplan-
Meier estimator with log-rank p-value to test if the plots differ over
time. The proportional hazards assumptions were checked using
Schoenfeld residuals. For statistical models including stent group and
age categories as covariates, an interaction variable was also entered
in the model to evaluate the relationship between those two variables.
Statistical significance of the interaction termwas evaluated via a likeli-
hood ratio test.

All available data were used in the analysis of all endpoints. All data
were analyzed using SAS V.9.3 (SAS Institute, Cary, North Carolina, USA).

3. Results

3.1. Baseline and procedural characteristics of elderly patients

In total, 1564 patients (789 recipients of DCS and 775 of BMS)
included in the LEADERS FREE trial were aged 75 or older, representing
63.4% of the overall trial population.

There were a mean of 2 entry criteria per patient, and the most
frequently used inclusion criteria in addition to advanced age were
oral anticoagulant treatment (30.9%), chronic renal failure (21.4%),
anemia (14.4%), planned surgery (11.0%) and cancer (7.4%). The

Table 1
Elderly patients: baseline characteristics, procedural data, inclusion criteria, endpoints and
bleeding events.

DCS BMS P value

Number of patients, n 789 775
Mean age, yrs 81.3 ± 4.3 81.3 ± 4.3 0.97
Female gender, % 36.1 36.5 0.87
BMI 26.9 ± 4.3 26.5 ± 4.0 0.09
Diabetes, % 31.4 27.6 0.10
Hypertension, % 77.9 79.8 0.35
Hypercholesterolemia, % 60.1 59.1 0.69
Prior MI, % 19.7 19.9 0.95
Prior PCI, % 21.8 21.1 0.74
Prior CABG, % 8.8 8.8 0.99
Prior stroke, % 10.1 8.5 0.27
Congestive heart failure, % 14.3 13.2 0.50
Peripheral vascular disease, % 15.3 15.5 0.92
Chronic obstructive lung disease, % 10.3 13.2 0.06
Multivessel CAD, % 63.7 63.8 0.98
Atrial fibrillation, % 33.0 33.4 0.84
ACS STEMI NSTEMI, % 29.5 29.5 0.93
CRUSADE scorea 37.1 ± 12.0 37.1 ± 12.0 0.95
Radial Access, % 59.9 59.6 0.91
Multivessel procedure, % 20.8 22.8 0.32
Number of stents, n 1.77 ± 1.02 1.73 ± 1.06 0.44
Procedural successb, % 95.6 95.2 0.66

Inclusion criteria
Oral anticoagulation planned to
continue after PCI, n (%)

243 (30.8) 240 (31) 0.94

Hemoglobin b11 g/l or transf.
Within 4 wks before, n(%)
n randomization

111 (14.1) 114 (14.7) 0.71

Platelet count b100,000/mm3 10 (1.3) 9 (1.2) 0.84
Hospital admission for bleeding in
previous 12 months, n (%)

22 (2.8) 17 (2.2) 0.45

Stroke in previous 12 months, n (%) 6 (0.8) 11 (1.4) 0.20
Previous intracerebral bleed, n (%) 3 (0.4) 9 (1.2) 0.07
Severe chronic liver disease, n (%) 2 (0.3) 1 (0.1) 0.57
Creatinine clearance b40 ml/min, n (%) 159 (20.2) 176 (22.7) 0.21
Cancer in the previous 3 years, n (%) 58 (7.4) 58 (7.5) 0.92
Planned major surgery in next 12 months,
n (%)

75 (9.5) 97 (12.5) 0.05

Glucocorticoids or NSAID planned
for N30 days after PCI, n (%)

16 (2) 21 (2.7) 0.37

Expected non-adherence to N30 days of
dual antiplatelet therapy, n (%)

15 (1.9) 17 (2.2) 0.68

Endpoints and bleeding events in elderly patients

Composite safety endpoint, % 10.7% 14.3% 0.73 [0.55–0.97]c 0.03
Cardiac death, % 4.8% 5.4% 0.88 [0.56–1.37] 0.57
Myocardial Infarction, % 7.1% 10.3% 0.67 [0.48–0.95] 0.02
Stent thrombosis (definite/probable), % 2.5% 2.2% 1.09 [0.57–2.10] 0.78
Clinically driven target lesion
revascularization, %

BARC 1–5

5.8% 10.8% 0.51 [0.35–0.74] 0.0003

BARC 1–5, % 18.2% 18.9% 0.97 [0.76–1.22] 0.76
BARC 2–5, % 14.3% 14.3% 1.01 [0.77–1.32] 0.95
BARC 3–5, % 7.3% 8.2% 0.90 [0.62–1.29] 0.55

Plus–minus values are means ±SD. MI indicates myocardial infarction; PCI, percutaneous
coronary intervention; CABG, coronary-artery bypass grafting; CAD, coronary artery
disease; ACS, acute coronary syndrome; STEMI, ST-segment elevation myocardial
infarction. NSTEMI, non–ST-segment elevation myocardial infarction; BARC, Bleeding
Academic Research Consortium.

a Scores on the CRUSADE (Can Rapid Risk Stratification of Unstable Angina Patients
Suppress Adverse Outcomes with Early Implementation of the American College of
Cardiology/American Heart Association Guidelines) bleeding risk scale 8 range from 1 to
100, with higher scores indicating a higher risk of major bleeding.

b Procedural success was defined as the successful treatment of all target vessel lesions
without the occurrence of death, MI, or target vessel repeat revascularization during the
hospital stay.

c Hazard ratio and 95% confidence interval.
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Background: The randomized, LEADERS FREE trial showed superior safety and efficacy of a polymer-free DCS vs.
a bare metal stent in high-bleeding risk patients with only one month dual antiplatelet treatment. We report
characteristics and outcomes of the pre-specified group of elderly patients (aged ≥75).
Methods: Age N75 was one of the trial's inclusion criteria. The main additional criteria were: need for oral
anticoagulants, recent bleeding, anemia, chronic renal failure and cancer. All patients received 1 month DAPT
only. Both primary endpoints (efficacy: clinically driven TLR and safety: composite of cardiac death, MI and
stent thrombosis) as well as bleeding were recorded up to 390 days.
Results: 1564 elderly patients (63.4% of the population) were enrolledwith amean of 2 inclusion criteria/patient.
The primary safety endpoint was reached less frequently in DCS than BMS patients (10.7 vs. 14.3%, p = 0.03),
as was the primary efficacy endpoint (5.8 vs. 10.8% p = 0.0003). Major bleeding rates were high and similar in
both groups (7.3 vs. 8.2%, p = 0.55). For the 562 (23.4%) patients with age as sole entry criterion, trends were
similar for DCS and BMS patients respectively: safety endpoint (7.3%vs.11.4% p = 0.10) and Cd TLR (4.7 vs.
13.2% p = 0.0003), but for both groups, major bleeding occurred less frequently than for elderly patients with
more comorbid conditions (3.6%vs. 2.8%).
Conclusion: Compared to a BMS, use of a DCS together with a short one-month DAPT course was associated with
significant safety and efficacy benefits for the elderly patients enrolled in LEADERS FREE.
© 2017 The Authors. Published by Elsevier Ireland Ltd. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Although the age threshold defining the elderly may vary, ranging
from those over 65 to octogenarians or even nonagenarians, the
most frequent old age cut-off point in guidelines and clinical trials is
75 [1–5]. Owing to longer life expectancy, this elderly population is
increasing and cardiovascular disease is its main cause of death [6,7].

Theelderlyhavehistorically a lowerPCIprocedural success rate because
of associated comorbidities and challenging anatomies. They are deemed at

higher risk of bleeding and mortality, and the logistics of their follow-up
may be difficult to organise. Physicians are less inclined to enroll them in
clinical trials, and they are thus under-represented [7,1,8–14]. Consequent-
ly, guidelines and scientific statements [1,2,7,15,16,17] tend to be less spe-
cific regarding the management of elderly patients with coronary disease
than for younger populations. It has been repeatedly emphasized thatman-
agement of this growing segment of the population requires special atten-
tion in order to ensure that all potential unmet needs are appropriately
addressed [1,8].

The LEADERS FREE trial [18,19] was a double-blinded randomized
trial designed to compare the outcome of patients at high bleeding
risk (HBR) treated with either a polymer-free BA9 drug-coated stent
(DCS) or a baremetal stent (BMS) andwith one-monthdual antiplatelet
therapy (DAPT), followed by long-term single antiplatelet therapy. Any
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2466	
  high	
  bleeding	
  risk	
  pa,ents	
  were	
  enrolled	
  by	
  68	
  
sites	
  in	
  20	
  countries.	
  	
  
The	
   most	
   frequent	
   inclusion	
   criteria	
   were	
   age	
   ≥75,	
  
oral	
   an,coagulant	
   treatment,	
   recent	
   bleeding,	
  
anemia,	
   and	
   co-­‐morbid	
   condi,ons	
   such	
   as	
   chronic	
  
renal	
  failure	
  or	
  cancer.	
  1564	
  pa,ents	
  (789	
  recipients	
  
of	
   DCS	
   and	
   775	
   of	
   BMS)	
   were	
   aged	
   75	
   or	
   older,	
  
represen,ng	
  63.4%	
  of	
  the	
  overall	
  trial	
  popula,on.	
  	
  

baseline characteristics were not significantly different between
patients receiving a DCS or a BMS. The mean age of the patients was
81.3 ± 4.3 and 36.3% were women. Atrial fibrillation was present in
33.2% of the study population and the procedure was carried out via
the radial approach in 59.3% (Table 1).

During the procedure, Bivalirudin was used for 1.3% and GP IIb/IIIa
blockers for 1.1% of patients. At discharge, 96.8% of patients were
on DAPT (including 93.6% on clopidogrel, 4.9% on ticagrelor and
0.8% on prasugrel), and oral anticoagulants were prescribed for 31.4%
of patients. No significant differences in anti-thrombotic medication
were observed between the DCS and the BMS groups.

3.2. Primary safety and efficacy endpoints

Both the primary safety (composite of cardiac death, myocardial
infarction and stent thrombosis) and efficacy (incidence of clinically
driven TLR) endpoints occurred less frequently in patients treated
with DCS compared to BMS: safety: (10.7% vs. 14.3%, HR: 0.73, 95% CI
0.55 to 0.97, p = 0.03), efficacy (5.8 vs. 10.8%, HR: 0.51, 95% CI 0.35 to
0.74, p = 0.0003) (Fig. 1A & B). The major (BARC 3 to 5) bleeding rate
was similar in DCS and BMS recipients (7.3 vs. 8.2%, p=0.55). (Table 1).

3.3. Subgroup of patients with age ≥75 as the sole inclusion criterion

For the 562 (23.4%) patients with age as the sole entry criterion,
trends for superiority of DCS were similar for primary safety endpoint
(7.3 vs. 11.4% p = 0.10) cardiac death (1.3 vs. 2.4% p = 0.36), MI
(6.6 vs. 9.9%, p = 0.17) and stent thrombosis (0.7 vs. 2.4% p = 0.09)
for DCS and BMS respectively. For the efficacy endpoint (cd TLR) a
significant benefit was associated with DCS vs. BMS (4.7 vs. 13.2% p =
0.0003). Major bleeding rates were similar in both arms (3.6 vs. 2.8%,
p = 0.54) (see Supplementary Table).

3.4. Comparison between older and younger LEADERS FREE patients

When taking both stent groups into consideration and evaluating
baseline and procedural characteristics according to age, (≥75 vs. b75)
(Table 2), the elderly comprised a significantly higher percentage of
women (36.3 vs. 19.6, p b 0.001) while the incidence of diabetes
(29.6% vs. 39.7% p b 0.01) and hypercholesterolemia (59.6% vs.

67.3% p = 0.0001) was lower. The elderly also had a higher rate of
multivessel disease (63.8% vs. 59.5% p = 0.0024), presented more
often with STEMI/NSTEMI and their CRUSADE bleeding score was
higher (37.1 vs. 29.4, p b 0.001). Procedural characteristicswere compa-
rable to those of the younger population but procedural success
(successful treatment of all target lesions without the occurrence of
death, MI, or TVR during the hospital stay) was lower (95.4 versus
97.2% p: 0.02).

Combining both stent groups, the primary safety endpoint [composite
of death, MI and stent thrombosis] was reached more often in patients
≥75 (12.5 vs. 8.7% p = 0.003), as was the primary efficacy endpoint
[clinically indicated TLR] (8.2 vs. 6.0% p = 0.04), while the BARC 3–5
bleeding rates were similar in older and younger HBR patients (7.7 vs.
6.3%, p= 0.17). Superiority of DCS over BMS was maintained regardless
of the age group (Fig. 2A & B).

4. Discussion

The present study focused on the outcomes of the predefined sub-
group of patients aged 75 or overwho accounted for 63% of the LEADERS
FREE Trial population. The main findings are that 1) this high-risk
population treated with one month DAPT only, derived an important
and significant benefit from DCS treatment over BMS both in terms
of safety and efficacy (Fig. 1A & B). 2) While most elderly patients had
several HBR inclusion criteria (mean of 2 per patient), those enrolled
only because of age also benefited significantly in terms of efficacy
and showed a non-significant but favorable consistent trend for all com-
ponents of the safety endpoint. 3) Compared to younger HBR patients,
the elderly differed for several baseline characteristics. While the bene-
fit of DCS over BMS was maintained, the event rates for both safety and
efficacy endpoints were higher for both stent groups in the elderly
patients (Fig. 2A & B).

The present study constitutes the largest randomized evaluation
of elderly patients treated with PCI [3,21,22]. Our findings are all the
more compelling because the elderly population is rapidly rising [7].
Psaltis and Nicolls [23] pointed out that there is an age paradox with
respect to the therapeutic management of elderly patients. Although
cardiovascular disease is their major cause of death, they are less
studied than their younger counterparts. Indeed, while they account
for 1/3 of patients undergoing hospitalization for ACS [24], they generally

Fig. 1. A & B: Primary safety and efficacy endpoints.
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•  La	
  cage	
  métallique	
  empêche	
  le	
  vaisseau	
  de	
  se	
  bonifier	
  :	
  	
  

ü  Plus	
  d’élastance,	
  	
  plus	
  de	
  déforma,on	
  systolo-­‐diastolique	
  	
  

ü  Il	
   ne	
   pourra	
   plus	
   recouvrer	
   une	
   vasomotricité	
   normale,	
   et	
   le	
   stent	
   pourrait	
   favoriser	
   une	
  
dysfonc,on	
  endothéliale	
  

ü  Le	
  remodelage	
  favorable	
  devient	
  impossible,	
  voire	
  dangereux,	
  en	
  décollant	
  le	
  stent	
  de	
  la	
  paroi	
  

ü  Difficultés	
  d’accéder	
  aux	
  collatérales,	
  de	
  faire	
  des	
  pontages	
  

•  La	
  persistance	
  de	
  matériel	
  est	
  source	
  de	
  complica,ons	
  tardives	
  :	
  inflamma,on	
  chronique,	
  fracture	
  de	
  
stent,	
  néo-­‐athérogénèse,	
  tous	
  facteurs	
  favorisant	
  la	
  thrombose	
  tardive	
  …	
  

Bref,	
  le	
  stent	
  idéal	
  devrait	
  disparaître	
  sitôt	
  qu’il	
  a	
  accompli	
  le	
  travail	
  de	
  sécurisa:on	
  et	
  de	
  cicatrisa:on	
  de	
  
la	
  lésion…	
  

Alors,	
  faut-­‐il	
  se	
  laisser	
  tenter	
  par	
  les	
  stents	
  ac:fs	
  biodégradables	
  (Biodegradable	
  Vascular	
  Scaffold	
  (BVS)	
  
dont	
  les	
  études	
  randomisées	
  nous	
  montrent	
  qu’ils	
  ne	
  seraient	
  pas	
  inférieurs	
  au	
  stent	
  ac:f	
  de	
  référence	
  ?	
  

Les	
  stents	
  métalliques	
  à	
  mailles	
  fines	
  délivrant	
  une	
  drogue	
  an,proliféra,ves	
  ont	
  
aFeint	
  un	
  très	
  haut	
  niveau	
  d’efficacité	
  et	
  de	
  sécurité…	
  	
  



ABSORB	
  COHORT	
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Florilège	
  d’une	
  campagne	
  marke,ng	
  pour	
  imposer	
  un	
  concept…	
  
	
  

In	
  principle,	
  the	
  need	
  for	
  vessel	
  scaffolding	
  and	
  drug	
  delivery	
  is	
  temporary,	
  rendering	
  a	
  permanent	
  stent	
  superfluous	
  
once	
   the	
   vessel	
   has	
   healed	
   and	
   the	
   processes	
   of	
   recoil	
   and	
   hyperplasia	
   have	
   ended.	
   Bioabsorbable	
   drug-­‐elu,ng	
  
scaffolds	
  have	
  emerged	
  as	
  a	
  poten,al	
  major	
  breakthrough	
  for	
  treatment	
  of	
  coronary	
  artery	
  lesions.	
  *	
  

BVS	
   restore	
   normal	
   cyclic	
   pulsa,lity	
   and	
   vasodilatory	
   responses;	
   allow	
   vessels	
   to	
   re-­‐conform	
   to	
   their	
   na,ve	
   shape	
  
(unstraighten),	
  reducing	
  shear	
  and	
  compliance	
  mismatch;	
  allow	
  Glagov	
  remodeling	
  to	
  accommodate	
  late	
  plaque	
  gain;	
  
result	
  in	
  late	
  lumen	
  gain	
  and	
  some	
  element	
  of	
  plaque	
  regression…**	
  	
  

One	
   of	
   the	
  main	
   advantages	
   of	
   bioresorbable	
   scaffolds	
   is	
   the	
   theoredcal	
   reducdon	
   of	
   long-­‐term	
   adverse	
   events	
  
since	
  these	
  devices	
  avoid	
  the	
  sustained	
  local	
   inflammadon	
  and	
  vessel	
  wall	
  dysfuncdon	
  that	
  seem	
  to	
  promote	
  the	
  
late	
  and	
  very	
  late	
  stent	
  restenosis	
  and	
  thrombosis	
  in	
  Drug	
  Eludng	
  Stents	
  ***	
  

BVS	
  may	
   prevent	
   permanent	
   side	
   branch	
   caging	
   and	
   implanta,on	
   does	
   not	
   preclude	
   subsequent	
   coronary	
   artery	
  
bypass	
  graiing	
  of	
  the	
  intervened	
  segment	
  ****	
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***Michela	
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Le	
   stent	
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   a	
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   la	
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  de	
   sa	
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   infériorité	
   comparé	
   au	
   stent	
  
métallique	
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   Alors	
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   pa,ent	
   une	
   chance	
   de	
   rédemp,on.	
   Il	
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   récupérer	
   une	
   coronaire	
   normale	
   et	
   éviter	
   thrombose	
   tardive	
   et	
   néo	
  
athérogénèse	
  si	
  tu	
  ne	
  l’enfermes	
  pas	
  à	
  vie	
  dans	
  ceFe	
  cage…	
  
	
  



Mr	
  V…45	
  ans.	
  
SCA	
  



Prédilata,on,	
  puis	
  implanta,on	
  
d’un	
  Absorb	
  3.5	
  x	
  18	
  mm	
  

Après	
  post	
  dilata,on	
  



A	
  J2	
  :	
  arrêt	
  cardiaque.	
  	
  
Contrôle	
  sous	
  MCE…	
  

C’est	
  sur	
  les	
  pe,ts	
  vaisseaux	
  et	
  les	
  lésions	
  os,ales	
  que	
  le	
  BVS	
  est	
  le	
  plus	
  dangereux…	
  





lésion	
  simple 	
   	
   	
   	
  lésion	
  complexe 	
  	
  

Taux	
  	
  d’évènements 	
   	
  	
  

Bon	
  opérateur	
  
technique	
  op,male	
  

Opérateur	
  moyen	
  
technique	
  sub	
  op,male	
  

Stent	
  métallique	
  de	
  dernière	
  
généradon	
  
Stents	
  moins	
  performants,	
  BVS… 	
  	
  

What	
  Does	
  “Less	
  Forgiving”	
  Mean?	
  
Tanaka	
  A,	
  Jabbour	
  RJ,	
  Colombo	
  A	
  
J	
  Am	
  Coll	
  Cardiol	
  Intv.	
  2016;9(17):1856-­‐1857.	
  	
  



Target	
  Lesion	
  Failure*	
  (mean	
  FU	
  :	
  25months)	
  

*cardiac	
  death,	
  target	
  vessel	
  myocardial	
  infarc,on	
  and	
  ischemia-­‐driven	
  target	
  lesion	
  revasculariza,on	
  

Scaffold	
  thrombosis	
  

RR	
  :	
  4.78	
  



Angio	
  &	
  OCT	
  après	
  BVS	
  (A&B)	
  et	
  lors	
  du	
  contrôle	
  
à	
  distance	
  (D&E).	
  Angio	
  après	
  resten,ng	
  (I)	
  



aier	
  BVS	
  implanta,on	
  



4	
  pa,ents	
  presented	
  with	
  VLScT	
  19	
  to	
  44	
  months	
  aier	
  implanta,on	
  of	
  an	
  Absorb	
  BVS.	
  All	
  pa,ents	
  were	
  taking	
  low-­‐dose	
  aspirin,	
  and	
  2	
  
pa,ents	
  were	
  also	
  taking	
  prasugrel.	
  

OCT	
  showed	
  malapposed	
  scaffold	
  struts	
  surrounded	
  by	
  thrombus	
  in	
  7	
  to	
  9%	
  of	
  struts	
   in	
  3	
  cases,	
  and	
  uncovered	
  scaffold	
  struts	
  with	
  
superimposed	
  thrombus	
  in	
  case	
  4.	
  

OCT	
  percent	
  area	
  stenosis	
  at	
  the	
  ,me	
  of	
  VLScT	
  was	
  high	
  in	
  2	
  cases	
  1	
  (>70%)	
  without	
  evidence	
  of	
  excessive	
  neoin,mal	
  hyperplasia.	
  



ST	
  at	
  1	
  year	
  



Les	
  stents	
  métalliques	
  de	
  dernière	
  généra,on	
  à	
  mailles	
  fines,	
  délivrant	
  un	
  principe	
  ac,f	
  à	
  par,r	
  d’un	
  polymère	
  
biocompa,ble	
  rapidement	
  résorbable,	
  ou	
  sans	
  polymère,	
  ont	
  considérablement	
  fait	
  progresser	
  l’angioplas,e	
  
•  Ils	
  sont	
  faciles	
  à	
  délivrer	
  sur	
  la	
  lésion	
  cible,	
  même	
  sur	
  anatomie	
  hos,le…	
  
•  leur	
  design	
  assure	
  un	
  étayage	
  correct	
  de	
   la	
  paroi,	
   avec	
  une	
  bonne	
   résistance	
  à	
   la	
   rétrac,on	
  précoce	
  des	
  

,ssus	
  et	
  au	
  remodelage	
  constric,f	
  tardif.	
  
•  Ils	
  se	
  conforment	
  bien	
  aux	
  sinuosités	
  du	
  vaisseau	
  et	
  peuvent	
  être	
  travaillés	
  pour	
  s’adapter	
  aux	
  disparités	
  de	
  

calibre	
  amont/aval,	
  permeFant	
  une	
  bonne	
  apposi,on	
  à	
  la	
  paroi.	
  
•  Leurs	
   matériaux	
   sont	
   biocompa,bles,	
   peu	
   thrombogènes	
   et	
   permeFent	
   une	
   couverture	
   rapide	
   par	
   une	
  

néo-­‐endothélialisa,on	
  protectrice,	
  sans	
  pour	
  autant	
  induire	
  de	
  réac,on	
  fibro-­‐proliféra,ve	
  excessive.	
  
•  Ils	
  permeFent	
  de	
  proposer	
  aux	
  pa,ents	
  à	
  haut	
  risque	
  hémorragique	
  des	
  bithérapies	
  écourtées.	
  
•  Tout	
  pa,ent	
  devrait	
  pouvoir	
  en	
  bénéficier.	
  Il	
  n’y	
  a	
  actuellement	
  plus	
  aucune	
  indica,on	
  à	
  implanter	
  un	
  stent	
  

conven,onnel	
  ne	
  délivrant	
  pas	
  de	
  drogue…	
  
•  Les	
  programmes	
  de	
  développement	
  de	
  stents	
  biodégradables	
  sont	
  actuellement	
  dans	
  une	
  impasse…	
  

to	
  achieve	
  long-­‐term	
  benefit,	
  you	
  must	
  first	
  
“get	
  the	
  job	
  done”	
  and	
  get	
  it	
  done	
  well!	
  



Mr D… 73 ans  
 
ü  1999 : pontages aorto-coronariens au décours d’une SCA sur lésions tritronculaires complexes 

•  AMIG…IVA 
•  AMID…CD (lit d’aval équilibré)	
  
•  Saphène sur une diagonale peu développée 
•  Saphène sur la principale marginale 

ü  2005 : Infarctus rudimentaire.  
§  Coronarographie en urgence : 
§  Fonction gauche normale 
§  2 greffons mammaires parfaits destinés à l'IVA et à la droite.  
§  Thrombose subtotale du greffon saphène…diagonale et dégénérescence du deuxième greffon saphène destinée à la 

principale marginale. Angioplastie des 2 pontages avec implantation d'endoprothèses conventionnelles 
ü  2006 : resténose précoce du pont diagonal, redilatée en ajoutant un 2° stent conventionnel 
ü  2010 : angor classe II avec ischémie latérale à la scintigraphie.  

•  2 ponts mammaires toujours parfaits. Bon VG 
•  Occlusion chronique du pont sur la diagonale. 
•  Nouvelle lésion critique du pont saphène sur la Cx traitée par un stent actif Promus. Echec de désobstruction de la Cx 

native par voie rétrograde (échec de réentrée dans la lumière de la Cx proximale) 
ü  2013 : à nouveau angineux sur une nouvelle lésion du pontage sur un autre site, traitée par un 3° stent (Promus long) 
ü  Asymptomatique 4 ans reprise des symptômes fin 2016 sur une dégénérescence diffuse de ce vieux pontage saphène. 

•  VG toujours normal 
•  Excellents ponts mammaires sur l’IVA et la droite équilibrée. 

2° tentative de désobstruction de la circonflexe native, 18 ans après son occlusion… 



Dissec,on/réentrée	
  rétrograde	
  	
  





Dissec,on/réentrée	
  rétrograde	
  	
  









Contrôle	
  à	
  6	
  mois	
  :	
  pa,ent	
  asymptoma,que	
  
FE	
  normale.	
  Occlusion	
  du	
  pont	
  saphène	
  …	
  Cx	
  
Excellents	
  ponts	
  mammaires	
  IVA	
  &	
  CD	
  

FE	
  :	
  74%	
  



Mr	
  Lom…	
  72	
  ans	
  
CMNO	
  découverte	
  en	
  2006,	
  longtemps	
  bien	
  
compensée	
  sous	
  OMT.	
  FE	
  :	
  40%	
  
ATCD	
  d’angioplas,e	
  D1	
  et	
  Cx	
  moyenne	
  
Détériora,on	
  du	
  statut	
  fonc,onnel…	
  



5F	
  wedge	
  





QCA	
  	
  
Tronc	
  :	
  5.4	
  mm	
  
IVA:	
  3.4	
  mm	
  
Cx	
  :	
  3.2	
  mm	
  

FFR	
  Cx	
  

FFR	
  Bissectrice	
  FFR	
  IVA	
  





6F	
  EBU	
  4.0.	
  Whisper	
  et	
  Runthrough.	
  Prédilata,on	
  par	
  un	
  sapphire	
  3.0	
  x	
  20	
  de	
  la	
  Cx	
  
puis	
  stent	
  stent	
  Xience	
  Alpine	
  3.5x23	
  mm	
  à	
  20B.	
  



POT	
  (Proximal	
  Op,miza,on	
  Technique)	
  par	
  un	
  ballon	
  5	
  x	
  10	
  à	
  18B	
  puis	
  ouverture	
  de	
  la	
  maille	
  couvrant	
  l’iVA	
  
par	
  le	
  sapphire	
  après	
  avoir	
  repassé	
  le	
  guide	
  014	
  et	
  implanta,on	
  d’un	
  2°	
  stent	
  en	
  culoFe.	
  



stent	
  AbboF	
  Xience	
  Alpine	
  4.0	
  x	
  28	
  à	
  
18	
   B	
   sur	
   le	
   tronc	
   depuis	
   son	
   os,um	
  
et	
  sur	
  l’iVA,	
  puis	
  refranchissement	
  de	
  
maille	
  Cx,	
  kissing	
  et	
  POT	
  final…	
  



FFR	
  Cx	
  
FFR	
  IVA	
  





stent	
  Terumo	
  Uldmaster	
  
4.0x28	
  à	
  20	
  B	
  après	
  
prédilata,on	
  	
  









Mr	
  T…68	
  ans.	
  Diabé,que	
  obése,	
  ex	
  fumeur,	
  dyslipidémique	
  et	
  hypertendu.	
  
Pontages	
  du	
  réseau	
  gauche	
  au	
  CCM	
  en	
  2002	
  après	
  un	
  infarctus	
  post.	
  
Angioplas,e	
  du	
  pont	
  saphène…Cx	
  quelques	
  semaines	
  avant,	
  sur	
  SCA	
  et	
  RAC	
  serré	
  :	
  Gdt	
  
moyen	
  50	
  mm	
  Hg,	
  V	
  max	
  4.7	
  m/s.	
  Garde	
  un	
  angor	
  au	
  moindre	
  effort.	
  	
  
FE	
  :	
  52%.	
  Séquelle	
  transmurale	
  post…	
  





ATC	
  u,lisant	
  un	
  intro	
  long	
  Cook	
  5F	
  
et	
  une	
  IM	
  launcher	
  5F.	
  	
  
Guide	
  014	
  Whisper	
  extra	
  support	
  
Après	
  prédilata,on	
  par	
  un	
  ballon	
  
sapphire	
  puis	
  2	
  stents	
  Boston	
  
Synergy	
  2.5	
  x	
  28	
  et	
  2.75	
  X	
  24	
  	
  



Prochaine	
  étape	
  :	
  désobstruc,on	
  de	
  
la	
  Cx	
  na,ve,	
  puis	
  TAVI…	
  	
  




