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Electrocardiography 

Cholesterol and atherosclerosis 
This truly seminal paper led ultimately to the cholesterol theory of 
atherogenesis, which in turn resulted in successful attempts to lower 
serum cholesterol in order to reverse, prevent, or at least retard the 
development of atherosclerosis and its complications. 

Anitschkow: Zentralblful Allgemeine Pathol Und Pathol Anat 
1913;24:1  

Cardiac catheterization  
First carried  out by Forssmann in 1929, a urologist, won the Nobel Prize  

 

Cardiovascular surgery 

The first cardiovascular 
operation in 1939, ligation of a 
patent ductus arteriosus in a 
seven and a half-year old girl 

Coronary angiography and percutaneous 

coronary angioplasty 

In 1958, while performing an angiogram of the aortic root, the tip of the 
catheter accidentally slipped into the ostium of the right coronary artery. 

Sones et al: Circulation 20:773, 1959 

The coronary care unit 

In 1961, Desmond Julian, a registrar (fellow/resident) in cardiology at 
the Royal Infirmary in Edinburgh, wrote a brief paper describing the 
coronary care unit that was published in Lancet, in which he stated: 

Cardiovascular drugs 

Preventive cardiology 
Kannel et al: The Framingham study Ann Intern Med 55:33, 1961  

Cardiac imaging: Echocardiography 

During World War II, ultrasound was widely used to detect submarines 
and to track torpedoes. The collaboration between two brilliant 
Norwegians, an emeritus Professor of Cardiology, Inge Edler, and an 
engineer, Helmut Hertz, led to the development of echocardiography. 

Edler and Hertz: Kungl Fysiogr Sallsk Lund Forth24, 1954 

Cardiac pacemakers and defibrillation 

Mirowski et al:N Engl J Med 303:322, 2098  



Outline 

• From balloon angioplasty (PCTA) to stent to scaffold, a 

history of trends, technology and techniques 

 

• From luminology to physiology (& advanced invasive imaging) 

 

• New trends, technologies & techniques for the years ahead 

 





Coronary angioplasty 

Zürich 1977 



Coronary angioplasty 





Coronary angioplasty 



Daily interventional practice in the 80’s 

• Toxic contrast medium 

 

• Immediate images unreliable 

• High X-ray doses – ignorance about radiation danger 

 

• PTCA only – restenosis rates around 30% 

• Suboptimal visualisation during intervention 

 

• Issues with vascular access management 

• Pharmacological gap (DAPT, statins, ACE-inhibitors) 



Fighting restenosis 

1991 Carport   (Tx A2-rptr antagonist) Circulation  

1992 Mercator   (Cilazapril)  Circulation 

1993 Park           (Ketanserin) Circulation 

1993 Marcator   (Cilazapril)  Circulation 

1995 Helvetica   (Hirudin) NEJM 

1999 Flare          (Fluvastatin) European Heart J  

2000 Eurocare   (Carvedilol) European Heart J 

2001 Trapist      (Trapidil) European Heart J 

2002 Presto       (Tranilast) Circulation 

2002 Italics        (Antisense) JACC 

2002 LIPS           (Fluvastatin) JAMA 



“Wallsten was a Swedish engineer who, in the early 1960s, 

invented a system to print out both sides of a newspaper page 

simultaneously. As a result of this quite revolutionary invention 

he quickly made a fortune and early in his career decided to 

retreat to the country of retired millionaires: Switzerland. At a 

social party in 1980 he met one of his compatriots, Senning, a 

prominent surgeon working in Zurich (the father of the so-

called “Senning operation” for congenital heart disease). 

Senning was concerned by the high mortality of acute surgery 

in patients suffering acute dissection of the ascending and 

descending aorta. Wallsten proposed an ingenious mechanical 

device which could be introduced percutaneously and would 

scaffold the dissection flap in the aorta.” 

The stent 



The stent 



U. Sigwart (1985): first stent implant in canine artery 

The stent 



The stent 



The first stent 

in a human being 

28.03.1986 

J. Puel 

Toulouse 

The stent 



“In February 1986 I met Jacques Puel in Toulouse during 

one of the numerous cardiology meetings, and at that 

particular meeting he told me about one of his new 

endeavours (“implantation of metallic, self-expanding 

prostheses in the femoral arteries of goats”).  

 At about the same time I found a leaflet on my 

desk announcing an angioplasty course in Lausanne, 

organized by Ulrich Sigwart and the topic of stented 

angioplasty was indicated on the programme.” 

From 1986-1990: infancy and growing pains ”the Wallstent’s time” 





The stent 



The stent 



25.04.1986 – U. Sigwart - Lausanne 

The stent 



The stent story 



The stent 

Late loss : 0.8mm, restenosis rate : 14% 



The stent 

BENESTENT I 
 
STRESS I 
 
NEJM 1994 



Benestent I 

Serruys PW, et al. NEJM 

1994;331:489-495 





The stent 



Trial No pts ASA & 
thienopyridine 

ASA & 
warfarin 

Characteristic 

ISAR* 517 0.8% 5.4% 

FANTASTIC° 473 0.4% 3.5% Subacute 
thrombosis 

STARS** 1096 0.5% 2.7% Angiographic 
thrombosis 

MATTIS°° 350 5.6% 11% Composite 
end point 

stent thrombosis (unless specified otherwise) 

*Schomig et al, NEJM 1996 - ° Bertrand et al, Circulation 
1998 
** Leon et al, NEJM 1998 - °° Urban et al, Circulation 1998 

The stent 



Clopidogrel 
300mg loading 
& ASA 325mg 

Clopidogrel 
75mg loading 
& ASA 325mg 

Ticlopidine 
500mg & ASA 

325mg 

Safety 
end point* 

2.9% 6.3% 9.1% 

Efficacy 
end point** 

1.2% 1.5% 0.9% 

*Major bleeding – neutropenia – thrombocytopenia – early study drug discontinuation 
** Cardiac death – myocardial infarction – target lesion revascularization 

CLASSICS – Bertrand et al, Circulation 2000 

The stent 



The stent 



Clinical case (I) 

• 2001 : just prior to Christmas 

 

• 42-year old man, in instance of divorce 

 

• Never seen a “doctor” 

 

• Routine check-up for atypical chest pain 

 

• Exercise test by his cardiologist 

It was about 3pm on a week day 













The drug-eluting stent 

 

 

 

 

 
STENT STRUT

Rate Limiting Barrier

Drug Loaded Matrix

Primer Layer

SEM 

Rate limiting 

barrier 
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Matrix 
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Layer 

Stent Strut 

July 1999 : the first DES concept 



The drug-eluting stent 

Rotterdam stent course  Euro CVS, den Haag…12 January 2000 



First-In-Man study with the CYPHER stent:  

Sao Paulo, Dec. 2000 

Robert 

Falotico The 

father of the 

sirolimus stent 

5 
40 



RAVEL 
 

A RAndomised, double-blind study with the 

Sirolimus-eluting Bx VElocity™ balloon 

expandable stent in the treatment of 

patients with de novo native coronary 

artery Lesions 

Authors:  

J. Fajadet, M. Perin, E. Ban Hayashi, A. Colombo,  

G. Schuler, P. Barragan, C. Bode, J.E. Sousa,  

M.C. Morice, P.W. Serruys 



RAVEL 

6/6/2019 10:10 AM ©  Cordis Johnson & Johnson Slide 40 

• MLD  (2.42 mm) 

 remains basically unchanged compared to 

• MLD post deployment (2.43 mm)  

• No late loss (-0.01 mm)  

• Restenosis (0%) 

• No evidence of edge effect 

This randomized double-blind trial 

demonstrated complete abolition of neo-

intimal proliferation at 6 months: 

Conclusion 



 

 

 

 

First Four-Year Clinical Follow-Up from a Randomized Trial of a 

Polymer-Based, Paclitaxel-Eluting Stent: TAXUS I 

Background 

TAXUS I is a prospective, randomized, double-blind study to evaluate 

safety and performance of coronary artery stenting with a paclitaxel-eluting 

stent (TAXUS NIRx) for the treatment of de novo and restenotic lesions.   

The first human use study evaluating the TAXUS slow-release stent 

showed continued safety and sustained reduction in target lesion 

revasularization through 3 years post implantation.   

We now present results from the first 4-year follow-up of the TAXUS 

NIRx stent. 

 61 patients, 3 centers 

 1st patient enrolled Oct. 12, 2000 and last patient Mar. 1, 2001 

 No statistically differences in baseline patient characteristics between 

groups. 

 No statistically significant differences in lesion classification 

 Procedural success was 100% for both study & control populations 

  TAXUS slow-release (SR) stent vs. bare metal stent 

 Primary endpoint: 30-day MACE (cardiac death, myocardial infarction 

and TVR) 

To evaluate the 4-year clinical outcomes from the first human trial of a 

polymer-based paclitaxel-eluting stent (TAXUS NIRx™) vs a bare metal 

stent (NIR™) 

Objective 

Patient Population (Methods) 

Summary 

No cases of stent thrombosis, 

death, or MI were reported in the 

TAXUS or Control groups through 4 

years follow-up. 

No TLR for the TAXUS group 

through 4 years follow-up. 

The cumulative 4-year MACE rate 

was 3.57% (1/28) in the TAXUS NIRx  

group versus 13.33% (4/30) for the 

control group.  

The single MACE in TAXUS NIRx 

was a target vessel revascularization 

occurring outside the target lesion 

200 days post-index procedure.  

No new MACE occurred in TAXUS  

between 9 months and 4 years post-

index procedure.  

TAXUS NIRx is stable out to 4 

years 

 

Absence of stent thrombosis through 

4 years and no new MACE after 9 

months post-stent implantation confirm 

the excellent, continued long-term 

safety of this polymer-based, 

paclitaxel-eluting stent.  

Prolonged exposure of the vessel 

wall to a paclitaxel-eluting stent does 

not result in safety concerns.  

The results of this first-in-man study 

indicate that the TAXUS-SR stent 

reduces the need for repeat 

revascularization and its safety profile 

remains durable over long periods of 

time. 

 

Conclusions 

Eberhard Grubea, Sigmund Silberb, Karl E. Hauptmanc, Mary E. Russelld,* for the TAXUS I Investigators 
aHeart Center Siegburg, bCardiology Practice and Hospital, Munich cKrankenhaus der Barmherzigen Bruder, dBoston Scientific Corporation 

*Employee and stockholder of  Boston Scientific Corporation 
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Study Flow 
61 patients 

Control TAXUS-SR 

6 Months 31/31 30/30 

1 Year 31/31 30/30 

2 years 30/31 30/30 

3 Years 27/31 28/30 

4 Years 28/31 30/30 

1 patient died 

(lung cancer) 

2 patients died: 

(liver/colon cancer; 

Multiorgan failure) 

2 patients 

refused f/u 

Results 

 No patients lost to follow-up and no patients have withdrawn 

consent 

 

unblinding of the study 

1 patient f/u  
outside required  

interval 

TAXUS: No patients w/new events from 9 months to 4 years 

Control: 1 patient with events (2) 9 months to 4 years 

TAXUS-SR safety sustained over 4 years 
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All MACE through 4 

years: 
TAXUS 

TVR, PCI 

Control: 

TVR, PCI 

TVR, CABG 

TVR, PCI 

TVR, PCI 

TVR, PCI 

TVR, CABG 
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World Congress of Cardiology 2006  

Safety of DES 

Meta-Analyses 
Relative excess death/Q-Wave MI  

of 1st generation DES vs BMS (%) 
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E. Camenzind, CH, 992 



The DES empire strikes back 



ESC Congress 2008 
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In-Vivo Mechanisms of Late Drug Eluting Stent Thrombosis. 
Optical Coherence Tomography, Intravascular Ultrasound  
and Thrombus Aspirated Findings 

V.Sirbu, IT, 827  



The Synergy between Percutaneous Coronary 
Intervention with TAXUS and Cardiac Surgery: 

The SYNTAX Study 
 
 

Primary Endpoint Results at One Year in the Randomized 
Cohort 

Patrick W. Serruys MD PhD 

Friedrich W. Mohr MD PhD 

On behalf of the SYNTAX investigators 

Conflicts of Interest: None 



ESC 2009 • Two-year Outcomes of the SYNTAX Trial • Kappetein • Slide 47 

Patient 1 

Patient 1 Patient 2 

Patient 2 

SYNTAX SCORE 21 SYNTAX SCORE 52 

LCx  70-90% 

LAD  70-90% 

RCA2  70-90% 

RCA3 70-90% 

LM 99% 

LCx 100% 

LAD 99% 

RCA 100% 

There is ‘3-vessel disease’ and ‘3-vessel disease’ 



SE2926383 REV A Information contained herein intended for healthcare professionals outside the U.S. and Japan only 

The XIENCE V / PROMUS Everolimus-

Eluting Stent: Comprehensive Update 

of the Clinical Trial Program 

Featuring the First Presentation                  

of the SPIRIT III 3-Year Results  

 Gregg W. Stone, MD 
Columbia University Medical Center 

The Cardiovascular Research Foundation 





 

Biolimus-Eluting Stents With  
Biodegradable Polymer  

Versus Bare Metal Stents  
in Acute Myocardial Infarction: 
 the COMFORTABLE AMI Trial 

 
Lorenz Räber, Henning Kelbæ k, Miodrag Ostojic,  

Andreas Baumbach, David Tüller, Clemens v. Birgelen,  
Dik Heg, Marco Roffi, Aris Moschovitis, Ahmed A. Khattab,  

Peter Wenaweser, Robert Bonvini, Giovanni Pedrazzini,  
Ran Kornowski, Klaus Weber, Thomas F. Lüscher,  

Masanori Taniwaki, Bernhard Meier,  
Peter Jüni, Stephan Windecker 

NTC00962416  
  



Progress with metallic drug-eluting stents 



Biovascular scaffolds 



Biovascular scaffolds 

2006 



Six-month angiographic and IVUS results of the 
first-in-man use of  

the Bioabsorbable  Everolimus Eluting Coronary  
Stent System:  

the ABSORB trial 

Patrick W. Serruys, MD, PhD and John A. Ormiston, MD  

On behalf of the ABSORB  Investigators 

Thoraxcenter, Erasmus Medical Center, Rotterdam, the Netherlands 

Auckland City Hospital, Auckland, New Zealand 

11:00-11:15  Helsinki  3rd Sep 2007    

PW Serruys declares no conflict of interest 







Outline 

• From balloon angioplasty (PCTA) to stent to 

scaffold, a history of trends, technology and 

techniques 

 

• From luminology to physiology 

(& advanced invasive imaging) 

 

• New trends, technologies & techniques for 

the years ahead 

 





Flow Velocity across significant Stenosis – Prox vs. Distal 





The FFR principle 





     1 Year Economic Evaluation 
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FFR  
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Bootstrap Simulation 





Routine angiograms 

1 
3D full tree & flow 

analysis 

2 
FFRangio  

color coded map 

3 

Cardiovascular 
Center 
Aalst 



IVUS 

Invasive imaging 





Clinical case (II) 

• October 2015, 54 year old man 

 

• Blanco past medical history 

 

• Ongoing intense chest pain since 1 

hour, ST depression in several leads 

 

• Hemodynamically stable 
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PCI – current status in 2019 ? 

DES technology – heart team approach – pharmacotherapy – physiological assessment 
Adjunctive invasive imaging 



Outline 

• From balloon angioplasty (PCTA) to stent to 

scaffold, a history of trends, technology and 

techniques 

 

• From luminology to physiology (& advanced 

invasive imaging) 

 

• New trends, technologies & techniques 

for the years ahead 

 



Current daily interventional practice 
• Safe contrast medium 

• Digitized immediate image processing – fusion imaging 

• Very low X-ray doses 

• 3th or 4th generation of drug-eluting stents 

• Impressive balloon & wire technology 

• Booming of radial access, vascular closure devices for femoral access 

• Adequate cardiovascular drugs 

• Physiological lesion assessment & booming of invasive coronary 

imaging 

• Mature technology for lesion subsets (bifurcation, left main disease, 

chronic total occlusions) 

• The heart-team approach 

• Interventional STEMI management 

• Social media – robotics – the world : a village… 



Ho Chi Minh City – Cho Ray Hosptital – 
december 2015 





The Economist. Feb 2015 



Traditional 

face to face 

The patient 

Review station 

Internal 

Monitoring 

External 

Managed Care Managed Care 

Digital Impact on Customer Experience 

70% 
Comfortable communicating with doctors via texting, 

email, video instead of seeing them in person 

The UBERization of 
medicine 





Robots Threaten These Jobs 

Matt Egan CNN Money 2015 

Soon you could be competing with a robot for a job 

Economists are sharply divided over the exact timing of the threat from robots and 
other forms of futuristic technology. Some see an imminent threat, others believe it 
won't happen until later this century – If at all 



Unmet needs & uncertainties 

• Living in an interventional bubble 

• Biovascular scaffolds 

• The future of cardiovascular surgery in certain areas & 

the evolution of the heart team 

• The interventional stardom & conflicts of interest 

• Cardiology congresses 

 



There is no limit… 

• Knowlegde, technology will further improve 

• Automatisation will progress 

• Preventive high-tech treatment modalities may appear 

• The mindset & profile of cardiovascular caretakers is 

evolving and will change 

• Suboptimal clinical practice will persist 

• Bringing optimal cardiovascular care to the planet will 

remain a major issue 

 




