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Andreas Greuntzig
1939 – 1985

“father of angioplasty”

His dream was the catheter-
based  percutaneous 
treatment of vascular 
disease in alert, awake 

patients
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• Severe LV dysfunction (LVEF <20-30%) plus

- Complex Multi-vessel Disease    &/or

- Unprotected LM Bifurcation     &/or

- Last Single Remaining Vessel (specially SVG) &/or

- Simple Lesion but hemodynamic compromise  (low BP, high PCW

or  overt CHF)

• Complex lesions where transient closure may be catastrophic

• Large MI with hemodynamic instability

• Cardiogenic Shock

LV Assist Device Support for High-Risk PCI



Percutaneous LV Assist Devices

IABP
PTVA:

TandemHeart
IMPELLA:
Recovers 2.5



Percutaneous LV Assistance: Impella
• Miniaturized 

technology for 
percutaneous access

• Fast and easy 
insertion via femoral 
artery

• Actively unloads the 
ventricle

• Provides up to 2.5 
L/min of flow with 
support up to 5 days

• Decrease myocardial 
O2 demand

• Increase coronary 
and end organ 
perfusion 



The Mount Sinai Experience
High-risk PCI with cardiac support

TandemHeart Impella 2.5

• April 2004-November 2005
• First 20 consecutive elderly 

patients (mean age 70 y.o.)
• Mean EF 38 ± 18%

– 10 pts with EF < 30%

• 8 pts with LMCA
• 3 pts with prior CABG
• 85% (17/20) requiring 

rotational atherectomy
• 100% successful implantation
• Freedom from 1-Yr MACE 80%  

• October 2007-March 2009
• First 20 consecutive elderly 

patients (mean age 69 y.o.)
• Mean EF 26.1 ± 6%

– 18 pts with EF < 30%

• 5 pts with LMCA
• 6 pts with prior CABG
• 40% (8/20) requiring rotational 

atherectomy
• 100% successful implantation
• Freedom from 1-Yr MACE 80%

Sharma et al. TCT 2009



LV Support during High -Risk Elective 
PCI:

Impact of LVEF & Lesion Complexity

Final Answer: 
Protect II Trial

LVEF >35%
IABP

LVEF 20-35%
IABP or Impella /PTVA

LVEF <20%
Impella/PTVA

Simple 
PCI

Complex 
PCI

No 
Support

IABP IABP Impella/PTVA Impella/PTVA

Simple or 
Complex

Simple 
PCI

Complex 
PCI
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Refractory Refractory Angina
• 52 yr male with h/o DM, CRI, MI x 2 (LVEF 38%), Stent of RCA x 2,
Stent/PRCA of LAD x 2, underwent CABG x 4 one yr ago and presents

with re-MI (3 rd) 

• Cath revealed occluded LIMA, occluded SVG to OM, occluded SVG
to RCA and 80% stenosis of SVG to diagonal with LVEF 28%
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typenYearStudy

One-year Follow-up

Randomized Trials of 
Transmyocardial Laser Revascularization

* p=NS, †PTMR

Percutaneous laser has no 
Effect/benefit and is not done currently



Vascular Gene Therapy Trials

79

13

59

24
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9

# pts ResultsTargetAgent usedAuthor et al

Intracoronary

Intramyocardial

IV and 
intracoronary

Intramyocardial

Intramyocardial

Intramyocardial

Limb ischemia

Treatment group had significant ­­­­
in exercise duration and exercise 
toleration time

Electromechanical mapping and 
SPECT imaging showed a ¯̄̄̄ in 
myocardium ischemia

Improvement in stress & rest 
SPECT perfusion imaging afetr 
180 days

High-dose group had significantly 
improved on stress nuclear 
imaging after 3 months

Angiography & stress sestamibi 
scan assessment of wall motion 
improved in most pts

Dobutamine SPECT tomography 
& collaterals improved in all 5 pts

VEGF levels ­­­­ , ABI & MRA 
improved, 4/7 ulcers improved

Recombinant 
FGFUdelson

Plasmid 
VEGFBaumgartner

Plasmid 
VEGFVale

Recombinant 
adenovirus 
FGF

Grines

Basic FGF via 
microcapsulesLaham

Adenoviral 
VEGFRosengart

Plasmid 
VEGFLosordo

ABI=ankle/brachial index, FGF=fibroblast growth factor, VEGF=vascular endothelial growth factor.

‘Coronary angiogenesis is still in
very primitive stages’



Coronary Sinus Reducer Stent for Chronic 
Refractory Angina: First-in-Man Study 

Banai et al. J Am Coll Cardiol 2007;49:1783

Implantation of the Coronary Sinus Reducer Stent in Human Coronary Sinus

Contrast-filled inflated balloon of 
the Reducer stent

RESULTS: All procedures were completed successfully without complications. Angina score 
improved in 12 of 14 patients (3.07 at baseline and 1.64 at follow-up). Stress-induced ST-
segment depression was reduced in 6 of 9 patients and was eliminated in 2 of these 6. The 

extent and severity of myocardial ischemia by dobutamine echo and by SPECT was reduced.

The Reducer stent on the 
inflated designated balloon

The Reducer stent Coronary sinus angiography after 
implantation of the Reducer
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What are the Complex Lesions?

• Saphenous Vein Graft (SVG) lesions

• Thrombotic lesions; AMI

• Calcified and undilatable/resistant lesions

• Bifurcation lesions

• Side-branch/ostial lesions

• Chronic total occlusion (CTO) lesions

Lesions associated with suboptimal angiographic results or
higher procedural complications with routine techniques



Thrombotic Lesions: Proposed Mechanism and Treatment 
for Slow-flow/No-Reflow

Serotonin Release

Vasoconstriction

Vasoconstrictive

Distal Embolization

Mechanical Plugging

MechanicalThrombotic

Platelet aggregates

Microvascular
occlusion

Ca++  blockers

SNP, Adenosine IIb/IIIa blockers
Distal Protection Devoices



Distal Protection Devices

• AngioGuard (Cordis)

• AccuNet (Guidant)

• FilterWire (EPI-BSC)

• NeuroShield/CardioShield
(MedNova)

• The Trap VFS (MicroVena)

• Interceptor (Medtronic)

• Rubicon



The FIRE Trial
Results: MACE (death, MI, uTVR)

9.2 9.59.4

11

5

10

15

p=ns

%
Incidence

FilterWire Ex (n=304)
GuardWire+ (n=283)

In-hospital          30-day
Stone et al. Circulation 2003

p=ns

•Thrombus grade 
3-4 was present
in 9% of both 
groups.



MGuard Technology
(for SVGs and thrombus-containing lesions)

Fiber width: 17� m
Aperture size: 150X180� m

Fiber material: PET

Evolving Interventions and Stents



Ruptured fibrous cap with luminal and large 
intra-plaque occlusive thrombus

The Pathophysiology of AMI



Atherectomy: Thrombectomy 
AngioJetÒÒÒÒ RheolyticÔÔÔÔ System



Mortality at 30-Days (N=3,470)
18 RCTs

De Luca et al, Am Heart J 2007;153:343

OR (random) 
95% CI

0.96

[0.64, 1.45]

1.32
[0.76, 2.29]

0.65

[0.35, 1.21]

RR

(95% CI)

0.86

0.33

0.18

P value

All (n = 18 
studies)

Thrombectomy 
(n = 12 studies)

Distal 
protection (n = 
6 studies)

Device

44/1748
2.5%

28/1076
2.6%

16/672
2.4%

Treatment
n/N

45/1724
2.6%

21/1065
2.0%

24/659
3.6%

Control
n/N

0.1   0.2   0.5      1         2            5       10
Favors Adjunctive

Devices
Favors Control



Export® XT Aspiration Catheter (Medtronic Inc.)
The Next Generation in Aspiration Performance
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Outcomes at 1-Year by 
Myocardial Blush

Myocardial Blush Grade

3                         2                  0 or 1

Death 
MACE

3.7

6.1
4.7

7.6

P = 0.001
11.0

14.8

Outcomes at 1-Year by 
Myocardial Blush

Stenting with pre-
dilatation
(n = 536)

Death 
Death/MI

7.9

11.6

4.2

6.7

P = 0.04

%
%

P = 0.04

Aspiration before 
stenting
(n = 535)

Thrombus Aspiration during Primary PCI:TAPAS Trial

Svilaas T et al. N Engl J Med 2008;358:557



Novel Devices to Reduce Infarct Size

Hypothermia Super Saturated Aqueous Oxygen

Evolving Interventions and Stents



Atrium ClearWay Infusion Catheter

• ClearWay RX is a drug delivery balloon catheter utilizing a 2.7F
Rapid Exchange (.014”) catheter platform
• Balloon is microporous ePTFE which allows slow, gentle (without 
high-pressure) weeping of fluids directly into the target vessel wall

SEM image of ePTFE
microstructure – nodes and fibrils

Evolving Interventions and Stents



Atherectomy: Rotablator

Differential cutting

PTCA      PRCA

Diamond
microchips

Indications:
• Calcified lesions

• Undilatable lesions



A stainless steel specialty 
catheter that is designed to 
support and/or exchange a 

guide wire in the 
treatment of CTOs

Tornus

Micro-catheter

1.5 mm Balloons



New Devices for CTO Recanalization

FrontrunnerFrontrunner SafeSafe--Steer Steer CrosserCrosser

•Newer stiff guidewires - Crossit, MiracleBro, Confianza
•Hydrophilic guidewires - Confianza-Pro, Shinobi

•Techniques – IVUS guided, Parallel wire, STAR, Retrograde



Retrograde Wire Passage Technique

AortaAorta --PD graftPD graft

TransitTransit ™™

FielderFielder



Innovative Technique For CTO 
Recanalization



Percutaneous In Situ Coronary Artery Bypass

Oesterle et al. Circulation 2001;103:2539

PICVA PICAB



Venture Wire Control Catheter

Tip can be deflected from
straight to 90 degrees

Tip deflection is mechanically activated
by turning knob on proximal handle



Venture Wire Control Catheter



Check Stent Alignment on Ostial Pro Legs on Check Stent Alignment on Ostial Pro Legs on 
Aortic WallAortic Wall
After Stent Aligned, Let Guide After Stent Aligned, Let Guide ““ RelaxRelax”” & & 
Legs (not on cusp) Straighten a Bit to Allow Legs (not on cusp) Straighten a Bit to Allow 
Room for Stent BalloonRoom for Stent Balloon

Ostial ProOstial ProTMTM Legs DeployedLegs Deployed
ExEx--Vivo Simulation.  Shows How Device Vivo Simulation.  Shows How Device 
Legs Lay on Aortic WallLegs Lay on Aortic Wall

Ostial ProOstial ProTMTM : Device for Accurate Stent Placement: Device for Accurate Stent Placement
in Ostiumin Ostium



Various Techniques for Stenting Bifurcation Lesions
Bifurcation Lesion

Main
vessel

Side-
branch

Stent the MV+
Balloon or Debulk SB ..and stent the SB only 

if suboptimal results: 
CP, EKG DDDD, <TIMI III 

flow, >90% stenosis

Provisional/
Conventional 

Stent Technique
Stent+stent

(“T stenting”)
Stent+stent

(“reverse-T”)



Various Techniques for Stenting Bifurcation Lesions

Bifurcation Lesion

Main
vessel

Side-
branch

Stent+PTCA Stent+stent
(“T stenting”)

Stent+stent
(“Y” or “V”)

“V”2

1

1

Stent+stent
(“Culotte”)

1 2

Stent+stent
(“reverse-T”)

Stent+stent
(“Crush”)

2 1

Stent+stent
(“Kissing”)
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Comparison of BMS vs. DES
Recent Registries: Death Rates @ 2-yrs
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P <0.001
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Author:         Tu*                             Hannan                     Mauri                          Malenka
Ontario                           NYS Massachusetts            Medicare pts, NH 

NEJM 2007        Circulation 2008 AHA 2007               JAMA 2008

N=38917N=28086

8.4 8.4

P = 0.98

*3-yrs



Meta-Analysis of 16 Randomized Trials of SES vs PES

Sch� mig et al. J Am Coll Cardiol 2007;50:1373
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First Generation DES
• Randomized trial and registry data

supported superiority of 
SES (Cypher) over PES (Taxus)

in reducing TLR (?¯̄̄̄ ST)
especially in complex lesions



Drug Eluting Stent System: First vs. Second 
Generation New Stent Designs 

154� m148� m97� m88� mTotal Thickness

14� m16� m6� m7� mPolymer 
Thickness

140� m132� m91� m81� mBare Strut 
Thickness

0.0055”0.0052”0.0036”0.0032”Bare Strut 
Thickness

Stainless SteelStainless SteelCobalt 
Chromium

Cobalt 
Chromium

Stent Material

CYPHERTAXUS
EXPRESS

ENDEAVORXIENCE V 
PROMUS



Endothelial Cell Recovery Between Comparator Polymer-
Based Drug-Eluting Stents 

Joner et al. J Am Coll Cardiol 2008;52:333

Scanning Electron Micrographs of 14-Day 
Comparator DES and BMS Controls 

The upper panels show corresponding radiographic images of 
each stent. The lumens are clearly patent and struts are easily 
discerned underneath a thin neointimal surface. Among DES, 
there is less endothelial cell surface coverage in SES and PES 
stents compared with ZES and EES. The panel insets are 
representative images at higher magnification (×200) from 
proximal and distal regions showing bare struts, surface thrombi, 
inflammatory cells, and endothelial cells.

Scanning Electron Micrographs of 28-Day 
Comparator DES and BMS Controls  

The upper panelsshow corresponding radiographic images of each 
stent. The lumens are patent and struts are less discernable under a 
thicker neointima relative to 14-day stents. Overall endothelial 
coverage is near complete in all DES although it remains poor above 
struts in PES and SES compared with ZES and EES. The panel 
insetsare at higher magnification (×200) from the proximal and 
distal regions and show persistent uncovered struts, surface thrombi, 
inflammatory cells, and endothelial cells.



Endothelial Cell Recovery Between Comparator Polymer-
Based Drug-Eluting Stents 

Joner et al. J Am Coll Cardiol 2008;52:333

Measurement of Vascular Endothelial Growth Factor 
(VEGF) Production and mRNA Levels by Q-PCR at 14- and 28-Day Stent Implants
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Zotarolimus Phosphorylcholine Driver

STENTPOLYMERDRUG

Everolimus VDF + HFP copolymer Vision
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Second Generation FDA Approved DES
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ZES

EES



Study Design

SPIRIT IV – One Year Clinical Results

Stone G, TCT 2009

3690 pts enrolled at 66 US sites
RVD ³³³³ 2.5 mm -££££3.75 mm; Lesion length ££££28 mm

Max 3 lesions with a maximum of 2 per epicardial vessel

PrePre--rand: ASA rand: ASA ³³³³ 300 mg, Clopidogrel ³³³³ 300 
mg load unless on chronic Rx

Randomized 2:1 Xience V: Taxus Express
Stratified by diabetes and the presence of complex lesions

Pre-dilatation mandatory

EverolimusEverolimus--elutingeluting

XIENCE VXIENCE V
PaclitaxelPaclitaxel--elutingeluting

TaxusTaxus
Aspirin ³³³³ 80 mg QD for 5 years; clopidogrel 75 mg QD for at least 

12 mo (if not at risk for bleeding)

Clinical FU only: 1, 6, 9 months and yearly for 1Clinical FU only: 1, 6, 9 months and yearly for 1--5 years5 years



SPIRIT IV – One Year Clinical Results

Stone G, TCT 2009
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P = 1.00

P = 0.001
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%



Stent Thrombosis (Protocol Definition)*

SPIRIT IV – One Year Clinical Results

Stone G, TCT 2009

* ACS + angiographic thrombus, or unexplained death or STEMI/Q-wave MI in TL distribution 
within 30 days

No at risk
XIENCE V

TAXUS
2458 2427    2413   2389 2377
1229           1198  1187    1177 1169

Months
0                      3     6         9 12

2

1

0

%



EXCEL Trial (E valuation of Xience Prime vs. CABG for 
Examination of LM Disease)

LM disease (LM disease (±±1, 2 or 3 vessel disease) and a 1, 2 or 3 vessel disease) and a 
SYNTAX score of SYNTAX score of �� 3232

Randomize 2500 pts

ABBOTT Vascular 
XIENCE Prime stent CABG

•• The The primary endpointprimary endpoint is the composite incidence of death, MI or stroke at a median Fis the composite incidence of death, MI or stroke at a median FU U 

duration of 3 years, powered for sequential nonduration of 3 years, powered for sequential non--inferiority and superiority testing. inferiority and superiority testing. 

•• The The major secondary endpointmajor secondary endpointis the composite incidence of death, MI, stroke or is the composite incidence of death, MI, stroke or 

unplanned repeat revascularization. All patients will be followeunplanned repeat revascularization. All patients will be followed for 5 years total.d for 5 years total.



The DES Technology Explosion
Evolving Stent Technology



XTENT Procedure
Ability To Treat Multiple Lesions with Single Device

Multi lesion case Cross 1 st target and 
expose desired stent

Separate 

Inflation of exposed stent 
only 

Retract balloon -
high pressure post-
dilatation capabilities

Access 2nd target 
with same device



XTENT Procedure
Ability To Treat Multiple Lesions with Single Device



The Cardiomind Small Vessel Stent: A Guidewire-Based Stenting 
System

• Dimensions of a 0.014” guidewire
• Inserted through conventional

balloon catheters

• Thin nitinol struts, self-expanding
deployment, and open cell design

• Minimal expansion force and

reduced vessel wall trauma
• Ideal for small vessels, tortuous

anatomy, distal locations, or

problem situations (e.g. branch
vessel stenting thru a stent)

• Expands from 1.75mm – 2.75mm

Evolving Interventions and Stents
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Stent Thrombosis:  A rare serious adverse event Stent Thrombosis:  A rare serious adverse event 
That Can Occur Any Time PostThat Can Occur Any Time Post--Stent ImplantationStent Implantation

Very 
Late ST

>1 year to ?3 yrs

Late ST 1  to 12 months

SAT 24 H to 30 days

24 HoursAcute ST



ProcedureProcedureProcedure

Stent thrombosis: Early
Procedure, product, patientProcedure, product, patient

Stent
thrombosis

Stent apposition
Dissection

Stent appositionStent apposition
DissectionDissection

PatientPatientPatient
Higher risk

AP compliance
Higher riskHigher risk

AP complianceAP compliance

ProductProductProduct

Polymer
Drug

PolymerPolymer
DrugDrug



DEStent Thrombosis: Late

Discontinuation of Discontinuation of 
antiplatelet therapyantiplatelet therapy

DelayedDelayed
endothelializationendothelialization

Late incompleteLate incomplete
appositionapposition

Polymer hypersensitivity/Polymer hypersensitivity/
inflammationinflammation

Late StentLate Stent
ThrombosisThrombosis



Pooled data used for analysis: E I 5 year, E II 5 year, E II CA 4 year, E III 4 year, E IV 2 year.

Endeavor DES: Very Low Stent Thrombosis
Rates upto 5 Years in Pooled Analysis

Days 30 360 720 1080 1440 1800

Endeavor 2132 2131 2037 1656 1222 1089
% CI 0.05 0.62 0.71 0.71 0.80 0.80
Driver 596 595 570 559 543 538
% CI 0.17 1.35 1.35 1.52 1.52 1.71

ARC Definite/Probable Cumulative ST to 5 Years
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SPIRIT IV – One Year Clinical Results

Stone G, TCT 2009

* ACS + angiographic thrombus, or unexplained death or STEMI/Q-wave MI in TL distribution 
within 30 days

Stent Thrombosis (Protocol Definition)*

0              0.2  0.4 0.6  0.8  1 1.2 
Stent thrombosis (%)

XIENCE V
N= 2458

TAXUS
N= 1229

0.12 0.04

0.41 0.16 0.34 0.85%

0.17%

P = 0.004

Acute (0-24 hrs) Subacute (>24 hrs 
– 30 days)

Late (>30 days – 1 
year)



Surfaces to Encourage Cell Growth
Bioactive surfaces to accelerate functional endothel ialization

Orbus – EPC Capture Nanotextured Surfaces

Example of IrOx Cell specific peptide linkers (Affinergy)

Evolving Intervention and Stents



Genous Bio-engineered  R Stent
HEALINGHEALING --1 Trial1 Trial

5000 pts with OrbusNeich’s Genous Bio-engineered R stent

are being enrolled in real-life US Registry



Bioresorbable: The Future of Stenting?

Past… Present… …Future

Bare Metal StentBare Metal Stent
More efficacious than POBAMore efficacious than POBA

Metal DESMetal DES
More efficacious than BMSMore efficacious than BMS

Biotronik

BVS

REVA

BTI

Cordis

Evolving Interventions and Stents 



Complete Bio-absorption Histopathology and OCT

6 months 3 years

Porcine Coronary Artery Model: BVS Stent
Biodegradable Everolimus Eluting Stent



Abbott Bioabsorbable Stent (BVS) – ABSORB Trial

At 2 yrs FU: 
• progressive polymer degradation
• normal histopathologic healing
• restored vasoreactivity
• late positive remodeling

Bioabsorbable Stent Technology

Serruys et al. Lancet 2009



First In Man Clinical Trial

• First implant March 8, 2006

• PI:  Dr. John Ormiston, New 

Zealand

• Co-PI: Prof. Patrick Serruys, The 

Netherlands

• Enrollment: First 30 patients

• 6 OUS sites total

Cohort  A
Completed

Cohort  B
In Progress

• First implant March, 2009

• PI: Prof. Patrick Serruys, The 

Netherlands.  

• Co-PI:  Dr. John Ormiston, New 

Zealand 

• Enrollment: 80 patients

• 10 OUS sites total

ABSORB Trial



Drug-eluting Balloons (DEB)
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Evolving Interventions and Stents



Nano-Particle Drug Delivery Platform

Nano- or submicron- particles

• Target size range: ~200 nm Drug loading: ~40%

• Linking moiety / PLGA (degradable)

• NP in vessel wall degrade and release drug over time

Evolving Interventions and Stents



Drug Eluting Stents Comparison 
(Scale of 1+Bad to 4+Best)
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Therefore Clopidogrel duration may safely be reduced to 1 yr with 2nd generation DES



THE FUTURE DES TECHNOLOGY

DES BMS 
6-9 months

Evolution at 6-9 months:
Stent only (BMS)

Polymer is also gone!  

Metal stent

PolymerDrug

DES Deployment:
Stent+Drug+Polymer

Metal stent

Polymer

Evolution at 2-3 months:
Stent+Polymer 

Drug Gone!

Metal stent



Evolution at 12-36 mo:
Stent GONE

Drug/Polymer also gone! 

Bioabsorbable stent

THE FUTURE DES TECHNOLOGY

DES BMS 
6-9 months

Evolution at 6-9 mo:
Stent only (BMS)

Polymer is also gone!  

Metal stent

DES Deployment:
Stent+Drug+Polymer

PolymerDrug

Metal stent
Evolution at 2-3 months:

Stent+Polymer 
Drug Gone!

Polymer

Metal stent

BVS



Schematic representation of various 
functional hemodynamic 

measurements



Primary and Secondary Points at 1-Year

FAME Trial: Fractional Flow Reserve (FFR) versus 
Angiography for Guiding Multi-vessel PCI

Tonino PA et al. N Engl J Med 2009;360:213
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Functional revascularization using FFR in the cath lab of  
significant angiographic lesions can appropriately select 
lesions who will benefit from PCI without compromising 
patient’s safety and will result in less MI, MACE, stent use 
and reduced procedural cost  
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Over 5yrs…with 0.25% mortality in all comers 
…..<0.4% major complications

and <0.05 urgent transfer to cardiac OR
has really established PCI 

as a safe and effective therapy



Data on Top 10 Volume Centers in NY State

3.680.9133863. Columbia Presbyterians H

2.130.7019168. LIJ Medical Center

2.470.7633273. Saint Francis Hospital

2.040.6647861. Mount Sinai Hospital
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30-day Mortality 
All cases (0.94%)
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Emergency cases (4.25%)
# casesPCI Statistics for 2006

NYS-DOH Report of PCI 2006



PCI in the Future: What Lies Ahead?

Newer Interventions and Stents in 2009+

• Identify the “hot” new areas of interventional therapy 

development with focus on safety & simplicity

• Emphasize the scope, breadth, and multidisciplinary 

nature of transcatheter cardiovascular therapies

• Initially meant to be strictly data-driven and may not 

be supported by evidence-based medicine

• Should be ‘’visionary’’ – where are we going? …in 10+ 

yrs!



Interventional Cardiology 2009

Andreas Greuntzig
1939 - 1985

His dream was the catheter-
based  percutaneous treatment 

in most (>98%) coronary 
lesions with very high (>95%) 
success in alert awake patients 

with low (<1%) ischemic 
complications

We can now say that 
Andreas Greuntzig’s 
dream has become a 

reality



Study Enrollment and Randomization

1005 pts underwent 
randomization

900 pts were not eligible

496 pts angiography-guided PCI

FAME Trial: Fractional Flow Reserve (FFR) vs. 
Angiography for Guiding Multi-vessel PCI

509 pts FFR-guided PCI

1905 pts assessed for 
eligibility

11 pts lost to follow-up 8 pts lost to follow-up

496 pts included in intention-to-
treat analysis

509 pts included in intention-to-
treat analysis

Tonino PA et al. N Engl J Med 2009;360:213


