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PCI in Coronary Bifurcations
• Bifurcations occur in 20-25% of PCI cases
• “True” bifurcations represent ~60% 
• Main technical concerns include:

- plaque-shifting which may result in loss of the side-branch
- elastic recoil (particularly of side-branch ostiallesions) 
- dissection necessitating placement of second stent in side-branch
- inadequate stent expansion at ostium of side-branch (crush technique)

• Side-branch loss may occur in � 15% of true bifurcations
• Stent thrombosis & restenosis is higher in bifurcations lesions
• NORDIC, BBC ONE and other studies strongly suggest single 
stent approach is preferred

• Dedicated bifurcation stents not yet proven



POBA Limitations

• Frequent significant residual stenosis/elastic recoil
• Plaque-shifting is common
• Dissections are common (� 30%)
• Inadequate stent expansion
• Ineffective in calcified lesions
• Balloon slippage (WMS) is common
• High restenosis rate (� 50%)



Lesion Preparation Modalities
• POBA

• Atherotomy/Scoring Devices
– Cutting Balloon
– FX miniRAIL/VascuTrak/SafeCut
– AngioSculpt

• Atherectomy Devices
– Directional Atherectomy
– SilverHawk (investigational)

• Athero-ablation
– Rotablator
– Excimer Laser
– Others (Orbital Atherectomy, Pathway Medical)



Cutting/Scoring Balloons

Cutting Balloon

FX miniRAIL or 
VascuTrak

AngioSculpt

• Relatively stiff device

• Difficult to deliver in complex lesions

• Limited lengths & low rated burst pressure 

• Risk of vessel perforation 

• Inconsistent “non-slip”

• Unpredictable “scoring” wire location

• Paucity of studies documenting 
incremental benefit prior to stenting

• Flexible laser cut nitinol scoring element

• Semi-compliant balloon

• Scalable length

• Relatively high rated burst pressure 



Edges lock in ~15-25x force 1x force

AngioSculpt – Mechanical Forces



Acute histopathology specimen of a 
patient post-POBA demonstrating 
extensive dissection and laceration 
(yellow arrows)

Post-AngioSculpt scoring of 
porcine ISR (yellow arrows)

Human IVUS demonstrating scoring 
post-AngioSculpt (yellow arrows)

AngioSculpt – Mechanism of Action



OCT of RCA Lesions Pre-AngioSculpt

RCA Pre-AngioSculpt with Severe 
De Novo (B) and ISR (C) Lesions

OCT Image of De Novo 
Lesion Pre-AngioSculpt

OCT Image of ISR
Lesion Pre-AngioSculpt

(black arrowheads 
indicate stent struts)

Takano et al, Int J Cardiol 2008, doi:10.1016/j.ijcard.2008.11.154. 



OCT of RCA Lesions Post-AngioSculpt

De Novo (E) and ISR (F) Lesions 
Post-AngioSculpt

OCT of De Novo Lesion
Post-AngioSculpt

demonstrating scoring 
(white arrowheads) 

OCT of ISR Lesion Post-
AngioSculpt demonstrating 
scoring (white arrowheads) 

Takano et al, Int J Cardiol 2008, doi:10.1016/j.ijcard.2008.11.154.



AngioSculpt Features – Coronary

• PMA approval for coronary indications (includes ISR & complex type C lesions)
• CE Mark for coronary indications
• Japanese Shonin coronary approval – January 2008 
• Low crossing profile (~2.7F) 
• Balloon catheter-like performance
• OTW or rapid exchange design (EX in U.S., RX in rest of world)
• 0.014” guidewire compatible
• 6F guide catheter or 5F sheath compatible
• 3 nitinol spiral “scoring” wires (~0.005” & rectangular shape)
• Nitinol enhanced active deflation
• 2.0 – 3.5 mm diameters
• 10, 15 and 20 mm lengths



Proposed AngioSculpt Benefits
• Prepare Vessel for DES/BMS

– Non-slip (avoid “geographic miss”)
– Full stent expansion/apposition at lower balloon pressures

• Calcified & Fibrotic Lesions
– Lesion expansion at lower balloon pressures
– Less trauma/dissection leading to more predictable results

• Bifurcation Lesions
– Less elastic “recoil” in ostial side-branches or plaque-shifting
– Lower rate of dissection and need for second stent in side-branch
– Non-slip
– Overcome “stent jail” of side-branch

• In-Stent Restenosis
– Non-slip (avoid “geographic miss”)
– Less tissue “recoil”
– More optimal stent re-expansion



AngioSculpt for Bifurcations

• Facilitate stent delivery to MB
• Optimize stent expansion and wall apposition
• Treat non-dilatable or resistant lesions
• Minimize plaque shifting/loss of SB
• Minimize effect of stent jail on SB
• Decreased need for SB stenting or final KB
• Avoid device slippage and “geographic miss”
• ?Restenosis benefit 
• ?Reduce risk of late stent thrombosis
• ?Simpler and cheaper strategy



U.S. Multi-Center Coronary Study – PMA
Overall Study PI: Martin B. Leon, MD, Columbia Univ ersity

SITE PRINCIPAL INVESTIGATOR CLINICAL SITE

Michael R. Mooney, MD Abbott Northwestern Hospital

Paul S. Teirstein, MD Scripps Clinic

Martin B. Leon, MD Columbia University Medical Center

Mark Turco, MD Washington Adventist Hospital

Mark Reisman, MD Swedish Medical Center

Ron Waksman, MD Washington Hospital Center

Jorge F. Saucedo, MD University of Oklahoma HSC

Laura Mauri, MD Brigham and Women’s Hospital

David Lee, MD Stanford University Medical Center

Am J Cardiol, October 2006;98:8 Supplement:121M



Baseline Angiographic Characteristics

• 200 patients with 219 lesions treated
• ISR: 16%
• ACC B2/C lesions: 76%
• Moderate/severe calcification: 35%
• Bifurcation: 29%
• Ostial: 13%
• Lesion length: 17.79±8.94 mm (6.2-55.2)
• RVD: 2.72±0.39 mm 
• MLD: 0.78±0.31 mm
• Diameter stenosis: 71.6±10.2% 



Coronary Bifurcation Study – “AGILITY”
(ClinicalTrials.gov: NCT 00686647)

• Single stent strategy (“provisional” side-branch stenting)

• Prospective multi-center trial, 9 prominent U.S. sites

• Currently enrolling patients

• AngioSculpt stand alone for SB, DES for MB

• Single arm (OPC for SB: POBA, OPC for MB: DES)

• “Superiority” design

• Sample size: 100 patients

• Inclusion Criteria: Medina Class (x,x,1) with DS >50%



AGILITY Trial – Endpoints

• Primary endpoint:acute procedural success of MB andSB

• Secondary endpoints:freedom from MACE and stent 
thombosis at 30 days and 9 months, 9 month clinical restenosis
(TLR), rate of SB “crossover” stenting and FKB, dissection 
rate/grade, slippage rate, resource utilization

• Independent data management & core labs (QCA, ECG)



Dr. John DouglasEmory University Hospital

Dr. Ramon QuesadaBaptist Cardiac & Vascular Institute

Dr. Henry LibermanEmory Crawford Long Hospital 

Dr. Mark TurcoWashington Adventist Hospital 

Dr. Charles O’ShaughnessyElyria Memorial Hospital

Dr. Christopher MetzgerHolston Valley Medical Center

Dr. Jon ResarJohns Hopkins Hospital

Dr. Rajesh DaveHarrisburg Hospital 

Dr. Jeffrey Moses (Overall PI)Columbia University Medical Center

Site PISite Name

AGILITY Trial Clinical Sites



Main Inclusion/Exclusion Criteria

• Inclusion Criteria
– Patients with >50% DS involving a bifurcation andthe ostium of the 

side branch vessel [Medina class (x,x,1)] including stable or unstable 
angina and silent ischemia

• Exclusion Criteria
– Acute MI within past 72 hrs

– Planned PCI of non-target lesion within 9 months of enrollment

– Main branch lesion: >30 mm length or <2.5 mm RVD
– Side branch lesion: >15 mm length or <2.0 mm RVD

– Bifurcation lesion within a previously placed stent

– Patients who are not candidates for ASA or Clopidogrel/Ticlopidine
therapy for 1 yr post-PCI



Bifurcation Classification
(Medina et al)

Eligible Study Lesions



Procedural Technique I
• Use � 7 F guide catheter 
• Wire both branches
• Pre-treat main branch firstwith AngioSculpt

(recommended) or POBA
• Sizing of AngioSculpt for main branch is � 0.5 mm smaller 

than RVD
• Treat side branch with AngioSculpt (mandatory) aftermain 

branch (final step before stenting main branch)
• Sizing of AngioSculpt for side branch is ~1:1 of RVD (use 

slow graduated inflation to help minimize dissection)



Procedural Technique II

• Pre-dilate with POBA (~1.5 mm) if needed, to facilitate 
crossing lesion with AngioSculpt

• Use of shorter length (10 mm) AngioSculpt devices is 
encouraged to improve deliverability 

• Stent main branch with DES last
• Avoid final kissing balloon if side branch DS � 70% and 
TIMI-3 flow

• Avoid stenting side branch if DS � 70% and TIMI-3 flow



Side-Branch Stenosis Functional Significance – FFR

Koo et al, JACC 2005;46:633-7



Interim Results
(un-adjudicated)

• Enrollment as of 11/23/09: 74 patients
• Top enrollers: Dr. Metzger (23), Dr. Moses (21)
• 30-day follow-up available in 65/67 (97%) eligible pts
• 9-month follow-up available in 41/42 (98%) eligible pts
• MACE (death, MI, TLR) in-hospital: 4.1%
• MACE at 30-day follow-up unchanged 
• One reported stent thrombosis (sub-acute)
• One TLR at ~ 5 months (side branch)
• No reported deaths
• No reported perforations
• Side-branch stent: 8.7% (6/69) vs. OPC 27%
• Final KB: 20.3% (14/69) vs. OPC 50%



LCx/OM Bifurcation Lesion AngioSculpt in Side Branch (OM)

Post-AngioSculpt Post-DES of Main Branch

AGILITY – First Patient 
(Holston Valley)



LAD-Diagonal Bifurcation 
Stenosis (1,1,1)

AngioSculpt Inflated in 
Diagonal

Diagonal Post-AngioSculpt
(Stand Alone)

DES Deployed in 
LAD

LAD Post-Stent (Widely Patent 
Diagonal)

Final Result: No 
Residual Stenosis in 

LAD or Diagonal

AGILITY – LAD/Diagonal (CUMC)



AGILITY – Ramus Bifurcation (JHMI)

Severe >90% Ramus Bifurcation 
Lesion (0,1,1) Presenting with ACS

Post-AngioSculpt 2.5 mm for SB 
and 2.75 mm DES for MB



Conclusions
• Single stent approach is preferred for most bifurcations

• POBA is associated with a high rate of “crossover” to 
side-branch vessel stenting

• POBA often requires re-wiring of side-branch for final 
kissing balloon (FKB)

• Use of AngioSculpt for side-branch vessel may result in 
a simplified approach with a reduced need for 
“crossover” to side-branch stenting and FKB

• Preliminary data from AGILITY suggest a low 
incidence of MACE, stent thrombosis and clinically 
driven TLR at 9 months  



Future Developments
• Larger/Longer peripheral catheters 

- larger diameter balloons (� 6.0 mm)
- longer balloons (� 100 mm)

• “Next Generation” AngioSculpt
- device deliverability in “extreme” lesions
- lubricious/hydrophilic coating
- improved distal shaft pushability/trackability
- crossing profile and lesion entry tip enhancements

• Valvuloplasty scoring device

• Anti-restenotic “drug coatings”


