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The concept was 12 years in the making . . .. 

Original source
“Oculostenotic reflex”

Original source
“Oculostenotic reflex”

Topol et al Circulation 1995;92:2342



QCA was initially very primitive, and maybe inaccurate  
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The fundamental concepts of “acute 
gain” and “late loss” were developed 
simply to explain why devices  work

There terms “In-stent” and “in-segment”
“late loss” were catchy, simple, and 
provide at way to measure the amount of 
tissue growth within a stent 
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Mauri et al. Circulation. 2005:111:3435-3442. 

Mean Late Loss vs. Predicted Restenosis Rate

0.0

5.0

10.0

15.0

20.0

25.0

30.0

35.0

40.0

0 0.2 0.4 0.6 0.8 1

Mean Late Loss (mm)

Bi
na

ry
 A

ng
io

gr
ap

hi
c 

R
es

te
no

si
s 

(%
)

Monotonic relationship means that higher late loss Monotonic relationship means that higher late loss 
translates to more restenosistranslates to more restenosis



So What Went Wrong with LLL
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Angiographic predictors of TLR
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Late loss <0.6 mm
weak predictor 
of TLR

Taxus IV Late loss as a predictor of TLR
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The Endeavor I: Day of QCA Reckoning

RVD, mm
In-Stent 

MLD
% Stenosis
Late Lumen Loss
Angio % Obstruction
IVUS % Obstruction

In-Lesion 
MLD
% Stenosis
Late Lumen Loss

12 Months

2.91±0.44

2.24±0.50
22.3±15.8
0.61±0.45
15.4±21.7

9.6 9.6 ±± 8.58.5

2.092.09±0.47
27.7±13.3
0.42±0.45

4 Months

2.97±0.46

2.50±0.45
15.2±13.7
0.36±0.39
4.9±18.7
4.6 4.6 ±± 8.58.5

2.282.28±0.46
22.8±11.8
0.22±0.41



ENDEAVOR I: 12 Month Results
Grade 0 Intimal Hyperplasia (N=22)

RVD = 2.85
Stent MLD = 2.57

Stent % Stenosis = 9.3
% CSN = 16.9

Stent LLL = 0.19
% Volume Obst = 1.6%



ENDEAVOR I: 12 Month Results
Grade 1 Intimal Hyperplasia (N=32)

RVD = 3.00
Stent MLD = 2.48

Stent % Stenosis = 17.7
% CSN = 30.5

Stent LLL = 0.50
% Volume Obst = 9.6%



ENDEAVOR I: 12 Month Results
Grade 3 Intimal Hyperplasia (N=14)

RVD = 2.82
Stent MLD = 1.92

Stent % Stenosis = 32
% CSN = 53.3

Stent LLL = 0.82
% Volume Obst = 28.6%



ENDEAVOR I: 12 Month Results
Grade 5 Intimal Hyperplasia (N=5)

RVD = 2.99
Stent MLD = 1.12

Stent % Stenosis = 61.3
% CSN = 88.9

Stent LLL = 1.72
% Volume Obst = 46.5%
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The relationship between late lumen loss 
and TLR is “monotonic”, “curvilinear”, and 
the Endeavor stent operates on the “flatter 
portion” of the LLL-TLR curve – providing 
comparable clinical effects to other DES 
programs at these levels of LLL in non 
complex (“workhorse”) lesion subsets

A Summary Statement on LL-TLR



Scheduled surveillance follow-up 
angiography has a profound effect on 
the occurrence of “ischemia-driven”

TLR
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*Non-significant interaction P-value demonstrates uniform treatment effect across angio
and clinical follow up patients.

Endeavor
DriverP for interaction = 0.52*
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What Can be Said about TLR Rates?

Endeavor IV: TLR at 12 Months by FollowEndeavor IV: TLR at 12 Months by Follow--upup
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Can Late Loss predict Stent Thrombosis?Can Late Loss predict Stent Thrombosis?



When should late lumen loss 
be measured?
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SPIRIT II Presentation, ACC 2008; Presented by Dr. Patrick Serruys



Will the concept of “headroom”
prove to be the differentiating 

factor – proving LLL as a 
useful surrogate marker?



Lesion complexity vs. Stent Performance

Lesion complexity
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Courtesy of Campbell Rogers, MD



Park Long Lesion-II Study Design
Long coronary lesions (>25mm) requiring single or multiple DES (planned 

total stent length ≥32mm)

SES (250 patients)

1:1 randomization

PES (250 patients)

1:1 randomization

Triple 
antiplatelet*

Standard 
antiplatelet#

Angiographic and IVUS follow-up at 6 months
Clinical follow-up at 30 days and 9 months

1:1 randomization

Triple 
antiplatelet

Standard 
antiplatelet

* Triple antiplatelet : aspirin plus clopidogrel plus cilostazol for 6 months 
# Standard antiplatelet : aspirin plus clopidogrel for 6 months

Primary endpoint:
1. Comparison of SES or PES: binary in-segment restenosis at 6 months
2. Comparison of triple and standard antiplatelet: in-stent late loss at 6 months

Park SJ et al ACC2006
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Clinical Outcomes at 9 Months
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Park SJ et al ACC2006



What Argues Against The 
Concept of “Headroom”?
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3/78 3/59 13/155 10/164
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TLR Overall
Odds Ratio (95% CI)

Favors
Endeavor

Favors
Taxus

TLR Clinical Follow -Up
Odds Ratio (95% CI)

>20- mm Lesions Endeavor 4/86
Taxus 4/110

Endeavor 1/64
Taxus 4/98

<2.5 - mm RVD
Endeavor 11/246
Taxus 10/257

Endeavor     7/190
Taxus 8/205

LAD lesions
Endeavor 16/309
Taxus 11/309

Endeavor 11/235
Taxus 9/241

Favors
Endeavor

Favors
Taxus

Endeavor IV: Consistent TLR Reduction Across Subsets

Comparable efficacy to Taxus across subsets including
small vessels, long lesions and LAD lesions



It is not really a “discordance” between 
angiographic and clinical results

Instead, it is a description of a biologic 
change within the stent, and its clinical 
import on the patients symptoms

We need more RCT data in complex lesions 
subsets with clinical (not angiographically
driven) endpoints

Disrepancies - Summary


