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Background

•There is a renewed interest in BMS, and better BMS 
make better DES platforms

•Improved stent architecture can potentially impact
future benefits of not only BMS, but also DES

•If such novel platforms enhance neointimal coverage , 
the risks of late DES stent thrombosis would be 
attenuated; conversely, if the design helped inhibit ISR, 
the required drug dose may be decreased, thereby 
reducing vessel toxicity



Objectives

The present study was designed to evaluate a 
novel ‘third-generation’ BMS comprised of an 
ultra-thin-strut , cobalt-chromium platform with 
fixed geometry, uniform cell size, and superior 
surface finish in a clinically relevant porcine 
coronary artery model



Methods

• A total of 47 BMS of two types were implanted 
in pig coronary arteries using QCA to optimize 
stent apposition:

1. A commercially available cobalt alloy thin-
strut stent (91µm) as control (Driver; n=17)
2. An ultra-thin-strut (65µm) cobalt-chromium 
stent (Protea; n=18)



Methods

• Animals underwent angiographic restudy 
and termination 1-week and 1-month post-
implant for coronary artery histology

• In addition, 12 overlapping Protea stents
were analyzed at 1-month 



Distribution of Stented Vessel Samples According to  Stent 
Type and Restudy Time

Driver Protea
Overlapping 

Protea
Total

1 week 6 6 - 12

1 month 11 12 12 35

Total 17 18 12 47



Protea Stent Design Criteria

• Ultra-Thin Struts to speed endothelializationand
aide healing 

• Excellent radial strength, flexibility, deliverability
• No “Scaling”
• Uniform geometry for better vessel coverage 

and uniform drug distribution
• No foreshortening and little recoil
• Superb surface finish 
• No plaque protrusion
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Protea Stent Design Criteria II

• Optimum Cell Size & Shape for minimum vessel wall 
injury due to intra cellular balloon protrusion
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Superior Surface Finish

Typical CoCr surface finish with large amount of precipitates

Superior surface finish
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Surface Finish Under SEM
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Typical Third Party Stent

Protea

Vision



SEM of Protea Showing Smooth Outer and Inner 
Surfaces 



Crimped and Expanded Stent
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Brand Protea Vision Driver

Company MIV Guidant Medtronic

Strut Thickness 0.065 mm 0.081 mm 0.091 mm

No of Cells 8 7 10

Crossing 
profile

< 1 mm 0.99 mm 1.117 mm

Stent Material Co-Cr Co-Cr Co-Ni

Protea Stent Compares Favorably 
With Other BMS



Results 

• At 1-week, comparable thin neointima and mild 
inflammation were observed in both groups 

• Mean stent strut injury scores were low and 
similar between groups (S/A ratio 1.1:1) 
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Angiographic % diameter stenosis at 1-month follow-up in stented pig 
coronary arteries. Protea; ultra-thin-strut cobalt- chromium stent.

Jabara et al: AHA, Circulation 2008;118:S_745 



Results 
Low-mag micrographs 
of pig coronary arteries 
harvested 1W and 1M 
after stent implant.  

There was mild 
compression injury to 
the tunica media and 
formation of a thin, 
mostly concentric 
fibrocellular neointima 
in response to both 
stents. 

However, at 1M Protea 
showed attenuated 
neointima formation. 

VM, magnification x20.



High-mag micrographs of 
pig coronaries harvested 
1W and 1M after stent 
implant. Compression
barotrauma of the medial 
tissue layers, without 
dissection injury, and 
minimal focal SMC necrosis 
was observed in all groups 
(*); Thrombi (T) were 
present in the neointima for 
both treatment groups at 
1W, although to a greater 
extent in the Driver group. 
Furthermore, there was 
minimal inflammatory 
reaction throughout the 
vessel wall for all stent 
types; and a confluent layer 
of flattened endothelial cells 
was present at the luminal 
blood flow interface (EC -
arrows). Protea showed 
attenuated intimal thickness 
at 1M, compared to Driver.

H&E, magnification x200.



Low and high magnification microscopic images of se ctions from 
overlapping Protea samples harvested 1-month post-implant. 
a) VM stain, magnification x20; b) H&E stain, magni fication x200.
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Intimal thickness of tissue overlying the stent struts, measured from  
histologic sections of porcine coronary arteries ha rvested 1-month 
after stent implant, according to treatment group. 
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Histological % area stenosis at one month after stent implant, 
according to treatment group. 
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Histopathologic Scoring of Inflammation in the Treatment Groups by Time

1-week 1-month

Stent Type
Driver
(n=6)

Protea
(n= 6)

Driver
(n=11)

Protea
(n=12)

Overlapping
Protea (n=12)

Grade 0 0 0 0 0 0

Grade 1 5 (83%) 6 (100%) 11 (100%) 12 (100%) 12 (100%)

Grade 2 1 (17%) 0 0 0 0

Grade 3 0 0 0 0 0

Inflammation score: 0: none; 1=mild; 2=moderate; 3=severe 



Strut Injury Scoring in the Treatment Groups by Time

1-week 1-month

Stent Type
Driver
(n=6)

Protea
(n= 6)

Driver
(n=11)

Protea
(n=12)

Overlapping
Protea (n=12)

Grade 0 67% 61% 76% 70% 78%

Grade 1 28% 28% 12% 19% 16%

Grade 2 5% 11% 12% 11% 6%

Grade 3 0 0 0 0 0

Strut injury score: 0=no injury, intact IEL, 1=strut contacting IEL wit h profile in
neointima, 2=strut penetrating IEL and profile in m edia, 3=strut penetrating media 
and contacting EEL, 4=strut in adventitia. 





Conclusions 

• The ultra-thin-strut cobalt-chromium Protea stent , which 
features fixed geometry ,  uniform cell size , and ultra 
smooth surface exhibited favorable arterial responses 
with significant reduction of neointimal formation i n 
porcine coronary arteries, when compared to a 
commercially-available cobalt alloy BMS 

• This novel stent platform may represent an attracti ve 
alternative to current BMS designs



Take Home Messages 

• Design improvements such as thin struts, cell 
geometry, and ultra smooth surface have 
probably contributed to the favorable preclinical 
outcomes with the Protea stent

• Our results support the notion that apparently 
small improvements in basic but fundamental 
aspects of the BMS technology can result in 
substantial biological responses and ultimately 
pave the way to better DES platform



Thank you 


