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A Brief History of Catheter Intervention

Byrne R.A. | TCTAP 2021 Virtual

DES as Breakthrough Technology and Remaining Unmet Need

New Roads | Leaving Nothing Behind

Advances in Lesion Preparation & Complex PCI

Contemporary Optimal Indication post ISCHEMIA



Byrne, Kastrati | Nat Rev Cardiol 2015

A brief history of catheter intervention



History of coronary angioplasty: first steps

Byrne et al. | Lancet 2017; Meier | EuroIntervention 2017; Original photographs c/o M. Schlumpf



Meier | EuroIntervention 2017; Original photographs c/o M. Schlumpf

The first angioplasty case

Universitätsspital Zürich, Switzerland | September 16, 1977



Pioneering of coronary stenting

Sigwart et al. N Engl J Med 1987 | Puel et al. EuroIntervention 2009 | Serruys et al. N Engl J Med 1994

Systematic stent implantation improved angiographic and clinical outcomes

Sigwart/Puel March/April 1986 BENESTENT 1994



www.escardio.org/guidelines 2017 ESC Focused Update on DAPT in Coronary Artery Disease, developed in collaboration with EACTS (European Heart Journal 2017 - doi:10.1093/eurheartj/ehx419)

History of dual antiplatelet therapy (DAPT) in patients 
with coronary artery disease
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‒ Mixed clinical presentation at the time of
stent implantation 

‒ Acute coronary syndrome at presentation 

-- DAPT initiated in patients with prior
myocardia infarction

‒ DAPT for primary prevention

http://www.escardio.org/guidelines


Summary #1 | Introduction of stents and effective antiplatelet treatment 
were critical to ensure stable and reproducible results
Byrne, R.A. | TCTAP 2021 Virtual



Byrne, Stone, Ormiston, Kastrati | Lancet 2017; ESC Stent Task Force Report 2015

Drug-eluting stents: breakthrough technology

Recommendations Class Level

DES are recommended over BMS for any PCI irrespective of:
• clinical presentation,
• lesion type,
• planned non-cardiac surgery,
• anticipated duration of DAPT,
• concomitant anticoagulant therapy.

I A



Biodegradable polymer vs durable polymer DES

Byrne, Coughlan | JACC Cardiovasc Interv in press; Byrne, Hanratty | Circulation in press

“When choosing a stent from those widely-used and approved for clinical use in 2021 
type of polymer coating is unlikely to represent the decisive factor in its own right”



Giacoppo et al. | JAMA Cardiology 2017

Stenting for left main stem disease

PCI vs CABG randomized trials with long-term follow-up

Composite of death, myocardial infarction or stroke



Diabetes Mellitus and Percutaneous Coronary 
InterventionThe burden of DM continues to  increase and DES performance still suboptimal

The growing problem of diabetes DES performance in DM pts is still unsatisfactory

SPIRIT/ COMPARE pooled patient level analysis 

(Spirit II, Spirit III, Spirit IV, Compare - 6789 pts)

Circulation. 2011;124:893-900



Summary #2 | High-efficacy DES have facilitated expansion of PCI to more 
complex disease patterns…
Byrne, R.A. | TCTAP 2021 Virtual



Summary #3 | …patients with diabetes continue to have unmet need and 
dedicated stents may have a role in the future
Byrne, R.A. | TCTAP 2021 Virtual



Bioresorbable scaffold (I-T) at 10-year FU
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Byrne et al., ESC-EAPCI Task Force on BRS | Eur Heart J & EuroIntervention 2017 online; Cassese et al. | EuroIntervention 2017 online

Bioresorbable scaffolds: work in progress
Target lesion failure

Scaffold thrombosis (def/prob)



Acute MI as BRS Niche? | ISAR-ABSORB MI: 1°Endpoint

0 20 40 60 80

0

20

40

60

80

100

Lesion diameter stenosis at follow-up (%)

C
u

m
u

la
ti

v
e

ra
te

 (
%

)

BRS

EES

BRS: 24.6±12.2%

EES: 27.3±11.7%

mean difference -2.7%
[95% CI -6.0, 0.7] 
Pnoninferiority<0.001

-3 -2 -1 0 1 2 3 4 5

Pnon-inferiority<0.001

Pnon-inferiority<0.001

Difference in percentage diameter stenosis between BRS and EES

pre-specified margin of non-inferiority

one-sided
97.5% limit Primary analysis

one-sided
97.5% limit

Sensitivity
analysis

(with imputation for 

missing data using MICE)

mean difference -2.7%
[Upper bound 0.7]

mean difference -1.9%
[Upper bound 1.2]

Byrne et al. | Eur Heart J 2019



Summary #4 | The concept of bioresorbable scaffold therapy remains 
valid and further iteration and clinical testing is warranted
Byrne, R.A. | TCTAP 2021 Virtual



Byrne R.A. | Lancet 2017

Drug-Coated Balloon Angioplasty

Meticulous attention to angioplasty technique is critical

https://www.google.de/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwixvbyFvOfTAhWMDxoKHdsbC4wQjRwIBw&url=https://www.clker.com/clipart-fragile-9.html&psig=AFQjCNFWrsJWI71eTLRfkwgZMUUrYZQTZA&ust=1494579324377073


After DCB angioplasty accept a result that is not “stent-like“



Distal Proximal

Optical coherence tomography (OCT) imaging (6-8 month FU)

Byrne, Joner et al. | Interventional Cardiology — A Companion to Braunwald's Heart Disease



Dissections After Balloon Angioplasty

Byrne, Joner | JACC Interv 2016; Cortese et al. | JACC Interv 2016

Drug-Coated Balloon Angioplasty for De Novo Stenosis

(A) Intimal tear

Fate of Dissections After DCB 
Angioplasty

(B) Major medial dissection

Hemorrhage

Intimal tear

Branch



BASKET-SMALL 2: MACE (12 Months)
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Summary #5 | Drug-coated balloon therapy shows 
promise in de novo disease but further testing is required
Byrne, R.A. | TCTAP 2021 Virtual



Super high pressure balloon angioplasty

• www.sis-medical.com

OPN Balloon permits lesion dilation up to 55 bar 

Byrne, R.A. | euroPCR 2019



Lesion preparation: scoring balloon catheters

• ~0.005” rectangular 
scoring elements

• 3 nitinol spiral “scoring” 
wires

• Nitinol enhanced active 
deflation

• 3 triangle- shaped non-

slip scoring elements

• Rolled up balloon folding

• Resistant nylon material

AngioSculpt ScoreflexNSE-Alpha

• 0.011” nitinol integral 
wire

• Crossing profile 0.030“
• Guide wire exit port 

11mm from distal tip

Byrne, R.A. | euroPCR 2019



Intravascular lithotripsy for calcified in-stent restenosis

Ali et al. | European Heart Journal 2020



Summary #6 | Improved tools for lesion preparation facilitate safer and 
more effective treatment of complex disease patterns
Byrne, R.A. | TCTAP 2021 Virtual



Results of EAPCI/CVIT Survey on Intravascular Imaging

Koskinas et al. | EuroIntervention 2018 and Circ Journal 2018

Sample cohort:

1,105 respondents 

(92% practising 

interventionists)



PCI Optimization – actionable OCT findings

Wijns et al. | ILUMIEN I | Eur Heart J 2015                                                         Räber et al. | EAPCI consensus paper on intravascular imaging | submitted

ILUMIEN I Study

• Clinically satisfactory

stenting using 

angiographic guidance

• Additional stent 

optimization based on 

OCT in 25% of patients



ILUMIEN IV | OCT Stent Sizing Algorithm
Pre-PCI OCT1

Can the EEL be identified at the distal reference 

segment to allow vessel diameter measurement?3

Stent diameter decided 

by OCT measurement 

of mean EEL to EEL 

diameter rounded down

to nearest stent size4

Yes

EEL

Stent diameter decided 

by OCT measurement 

of mean lumen 

diameter rounded up to 

nearest stent size4

No

Lumen

Stent length determined by OCT 

automation adjusted for Xience DES5

Measure the EEL at both proximal and distal reference segments, if possible.2



Summary #7 | Detailed automated algorithms to guide stent 
implantation may further improve outcomes with PCI
Byrne, R.A. | TCTAP 2021 Virtual



New onset, typical angina pectoris since 07/20

Coronary angiography > severe calcific 3-VD with 
LMS# and preserved LV function

Case history (I)
72-year old male with stable angina (CCS II-III) & hs Troponin <14 pg/ml

ISCHEMIA Trial data suggest risks/benefits of revascularization 
and modality of choice should be assessed offline incl. MDT



Cardiovascular Clinical Research Center
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Adjusted HR (95% CI) = 0.93 (0.80, 1.08)

P-value = 0.34 

Primary Outcome: CV Death, MI, hospitalization for UA,
HF or resuscitated cardiac arrest

4 years:

Δ = -2.2% (-4.4%, 0.0%)

15.5%

13.3%

Maron DJ et al. N Engl J Med. 2020;382:1395-1407

Median 3.2-year follow-up

Restricted mean event-free time difference: 9.5 days (-17.8 to 36.9) for INV vs. CON

6 months:

Δ = 1.9% (0.8%, 3.0%)

3.4%

5.3%

352

vs.

318

events

No signal of differential mortality with either INV or CON approach



Cardiovascular Clinical Research Center

Non-procedural MI 
Types 1, 2, 4b, or 4c MI

Procedural MI 
Types 4a or 5 MI

Myocardial Infarction

Maron DJ et al. N Engl J Med. 2020;382:1395-1407



Cardiovascular Clinical Research Center

Typical Patient in ISCHEMIA

QOL Primary Outcome: Benefit of Invasive Rx on                      
SAQ Summary Score

Favors InvasiveFavors Conservative Favors InvasiveFavors Conservative Favors InvasiveFavors Conservative

Posterior Mean = 
4.1 (3.2, 5.0)* 

*95% Highest Posterior Density Interval

Posterior Mean = 
4.2 (3.3, 5.1) * 

Posterior Mean = 
2.9 (2.2, 3.7)* 

Spertus JA et al. N Engl J Med. 2020;382:1408-1419



Shared Decision Making (II)

Following discussion at MDT and shared decision making 
appraoch a consensus was reached for OMT + PCI

OMT only OMT + Revascularization



ISCHEMIA Trial: It Will Change My Practice

• The primary findings of ISCHEMIA provide a rationale for shared decision 
making between patient and physician with respect to initial 
management strategy based on:

• Symptom burden and quality of life

• Reduction in spontaneous myocardial infarction

• Life expectancy of patient (in view of time dependency of risks)

• Absence of signal of mortality difference between groups

• Ischaemia burden in isolation does not provided a good basis for 
decisions regarding revascularization

Byrne R.A. | TCTAP 2021 Virtual



Summary #8 | Shared decision making for PCI should be on based on 
symptom burden, quality of life & risk of MI



PCI: Contemporary Optimal Indication, Technology, & Outlook | Summary

• The introduction of stents and effective antiplatelet treatment were critical 
to ensure stable and reproducible results after PCI

• High-efficacy DES and better techniques for lesion preparation facilitated 
expansion of PCI to more complex disease patterns though areas of unmet 
clinical need persist e.g. in patient with diabetes mellitus

• The concept of bioresorbable scaffold therapy remains valid and further 
iteration and clinical testing is warranted

• Drug-coated balloon therapy shows promise in de novo disease but further 
clinical investiagtion is required

• Automated intravascular imaging and/or pressure wire algorithms to guide 
stent implantation may further improve outcomes with PCI

• Shared decision making for PCI should be on based on symptom burden, 
quality of life and future risk of spontaneous MI

Byrne R.A. | TCTAP 2021 Virtual



Further reading… Acknowledgements:
Maria Schlumpf

Byrne, Stone, Ormiston, Kastrati | Lancet 2017 Meier | EuroIntervention 2017
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Update on LIMUS DCB Development

Magic Touch folded SCB

Further progress with sirolimus-coated balloon technology

Byrne, R.A. | TCT 2019

SELUTION SLR SCB receives CE mark

Biolimus-A9-coated balloon enters clinical testing SEB receives FDA breakthrough for CAD ISR + BTK



Byrne, Stone, Ormiston, Kastrati | Lancet 2017

A Brief 40-Year History of PCI



Byrne, Stone, Ormiston, Kastrati | Lancet 2017

Drug-eluting stents: breakthrough technology

Selected devices with CE-mark approval and published large-sclae RCT data



Byrne | 40 Years of Angioplasty: Remembering Patients and Pioneers | EuroIntervention 2017

Standing on the shoulders of giants…

Sones | Oct 30, 1958Forssmann  | Feb. 1929 Dotter | Jan. 16, 1964



2. Lesion preparation with cutting/scoring balloons improves efficacy

Diameter Stenosis at Follow-up Angiography

ISAR-DESIRE 4: Intracoronary Stenting and Angiographic Results: Optimizing 

Treatment of Drug Eluting Stent In-Stent Restenosis 4
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Scoring-balloon

Control

P= 0.047

40.4% ± 21.4

35.0% ± 16.8

252 patients with DES-restenosis enrolled 
between June 2012 and December 2014 in 

4 centers in Germany

Angiographic follow-up at 6-8 
months in 80.4% (N=203)*

Standard balloon 
plus paclitaxel-
coated balloon 

(N=127)

Scoring balloon 
plus paclitaxel-
coated balloon

(N=125)

ISAR-DESIRE 

4 Trial



Baseline PCI with DCB 6-month FU after DCB



ILUMIEN IV: OPTIMAL PCI

2556-3568 pts with high-risk clinical or angiographic 
features undergoing PCI at 125 centers in the US, 

Canada, Western Europe, and Asia-Pacific 

Follow-up: Minimum 1 year, maximum 2 years
Primary endpoints:

1) Minimal stent area (MSA) by OCT (powered for superiority)
2) Target vessel failure (event-driven, powered for superiority)

Principal Investigators: Ziad Ali and Ulf Landmesser
Study Chair: Gregg W. Stone

HR clinical:
Diabetes
HR angio:

Troponin+ ACS culprit
Stent length ≥28 mm

2-stent bifurcation
Severe calcification

CTO
Diffuse/MF ISR

*ESRD not excluded

Randomize 1:1

OCT-guided* PCI
(modified ILUMIEN III protocol)

Angiography-guided PCI

Final OCT (blinded in angiography arm)

Sponsor: Abbott



Systematic review of 158 RCTs

Systematic review of 158 RCTs | ESC-EAPCI Stent Task Force | Eur Heart J 2015


