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INVENTIONS AND DISRUPTIVE INNOVATIONS 
IN VASCULAR SURGERY

LECTURE-SPECIFIC OBJECTIVES  

1. Distinguish between inventions and innovations, and between
sustaining and disruptive innovations 

2. Describe major milestones in the evolution of vascular and 
endovascular surgery

3. Apply surgical innovations in clinical practice but preserve the 
integrity of ethical patient care

4. List major innovations that define the future of vascular surgery
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INVENTION

• A new idea or creation of a brand-new 
device or process

• Requires scientific skills

• A patent protects intellectual property

INNOVATION

• Application of an invention

• Adds value to a new device or idea

•Meets existing or unarticulated needs

• Requires scientific, technical and marketing skills

15
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“Innovation is the most powerful 
force for change in the world”

Bill Gates

FUNDAMENTAL INNOVATIONS 
THAT CHANGED SURGICAL CARE

William T.G. Morton
1846

Sir Joseph Lister
1867 

ANESTHESIA ASEPSIS - ANTISEPSIS

Ignaz Semmelweis
1847
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TOP 12 INNOVATIONS 
THAT CHANGED VASCULAR SURGERY

1. Vascular Anastomosis 2. Endarterectomy 4. Homograft  repair of AAA

5. Prosthetic grafts 6. Fogarty balloon catheters

9. Balloon angioplasty 10. Stents

8. RFA and Laser ablations

11. Stent grafts 12. Branched and fenestrated stent 
grafts

3. Vein bypass 

7. IVC Filters

SUSTAINING INNOVATIONS

Continuous
Evolutionary

Sustaining 
Innovations

TIME

PERFORMANCE

Source: “Digital Leadership”
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DISRUPTIVE INNOVATION

Continuous
Evolutionary

Sustaining 
Innovations

TIME

PERFORMANCE

Source: “Digital Leadership”

Game-changing
Revolutionary
Breakthrough

Disruptive 
Innovations

New, advanced  technology quickly outperforms 
established methods, disrupts  old market

DISRUPTIVE INNOVATION

Open Surgery

Sustaining 
Innovations

TIME

PERFORMANCE

Source: “Digital Leadership”

Endovascular 
Revolution

Disruptive 
Innovations

New, advanced  technology quickly outperforms 
established methods, disrupts  old market
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ENDOVASCULAR REVOLUTION

November 23, 1992March 24, 1987 September 6, 1990

Nikolay L. Volodos et al.

ENDOVASCULAR REVOLUTION
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ENDOVASCULAR REVOLUTION

Advanced Science, Volume: 6, Issue: 20, First published: 19 August 2019, DOI: (10.1002/advs.201900856) 

DRUG-ELUTING, BIORESORBABLE AND INTEGRATED BIOSENSOR STENTS

ENDOVASCULAR REVOLUTION

PLAIN, CUTTING , SCORING, DRUG ELUTING, SHOCKWAVE ANGIOPLASTY BALLOONS
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ENDOVASCULAR REVOLUTION

Aortic 
Aneurysms

ENDOVASCULAR REVOLUTION

Aortic 
Aneurysms

Dissections

Trauma
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ENDOVASCULAR REVOLUTION

Aortic 
Aneurysms

Aortic 
Ulcers

Dissections

Trauma

Intramural 
Hematoma

75 YEARS OF AORTIC SURGERY
1951-2026

1951 20261987 1990

29

30

15 of 36



MHIF Cardiovascular Grand Rounds
March 9, 2026

EVOLUTION OF FB-EVAR PROGRAM AT MAYO CLINIC

PMEG 
• Description of 

techniques (Fens, 
mini-cuffs and 
branches)

2007

Spinal cord ischemia 
protocol
• Routine CSF drainage
• Neuromonitoring
• Staging

ZFEN trial and others
• Fast IRB process
• Industry engagement

2010

Prospective PS-IDE
• Full access to Cook 

technology (arch, 
ascending, TAAA, iliac)

• High enrollment 
• Expansion to other 

industry sponsored trials

2013

> 700 
implants

2021

Courtesy of Dr. Gustavo Oderich
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• MAYO CLINIC EXPERIENCE WITH FB-EVAR AND OPEN REPAIR OF 
THORACOABDOMINAL AORTIC ANEURYSM (2008 – 2020)

MAYO CLINIC - UTH HOUSTON  EXPERIENCE WITH FB-EVAR

• Prospective, non-randomized study
• 462 FB-EVAR patients

Oderich et al. Ann Surg 2021

Mayo Clinic
Rochester, MN

UT Health
Houston, TX

2013 2014 2015 2016 2017 2018 2019 2020 2021

Enrollment per Year

4

52 55 54
66

77
82

51

21

21

11

30-day mortality
5/462 (1.1%)

Courtesy of Dr. Gustavo Oderich
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Years
1 2 3 4 5

57±5%

PATIENT SURVIVAL

3470131195295430Number at risk

92±1%

78±3%

Mean follow up, 
26±20 months

98±1%

Any cause mortality

Aortic-related mortality

Oderich et al. Ann Surg 2021

Computational Flow 
Modelling to Assess 

Hemodynamic 
Changes Following 

F-BEVAR

Courtesy of Gustavo Oderich, MD and Kenneth Tran, MD
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BRANCH 
HEMODYNAMICS

Wall Shear Stress (TAWSS)

WSS markedly 
increased above 
physiologic range in 
the distal 
stent/native artery 
transition.

Physiologic Range
Courtesy of Gustavo Oderich, MD and Kenneth Tran, MD
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CONCLUSIONS

• Computational flow modelling, based on 
computer estimated metrics and AI, 
detects hemodynamic changes  and 
predict failing stents before symptoms 
develop.

INNOVATIONS IN VASCULAR SURGERY  AND 
ENDOVASCULAR INTERVENTIONS

Endograft Fixation 
Systems Hybrid Grafts Vascular Plugs Venous Stents

Percutaneous 
Fem-Pop bypass

Neuroprotection
Systems Atherectomy         Shockwave Lithotripsy

Mechanical 
Thrombectomy

Systems
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3D-PRINT AORTIC MODEL AND PULSATILE FLUID PUMP

41
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79-year-old male with 9-cm 
pararenal aortic aneurysm
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SIMULATION REALITY

SIMULATION ANGIO REAL CASE ANGIO
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FIRST IN-MAN IMPLANT TEAM
GORE EXCLUDER Thoracoabdominal Branched 

Endoprosthesis (TAMBE)

48 y/o Man with Pseudoaneurysm of the 
Ascending Aorta 
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Recipients of the SVS Medal of Innovation

2013 
Edward Dietrich   

2006 
Juan Parodi

2012 
Roy Greenberg

2010 
Thomas Fogarty

2008 
Timothy A.M. Chuter, 

ESVS Honorary 
Member

2015 Nicolai Volodos

2019
Robert L. Kistner

2025
Enrico Ascher

“When something is important 
enough, you do it even if the 
odds are against you.”

Elon Musk 

53
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MAJOR CHALLENGES OF SURGICAL INNOVATIONS

• Skyrocketing costs
• Long approval process
• FUNDING!
• Complex  regulations

ETHICAL CHALLENGES OF ADOPTERS OF INNOVATIONS
• Limited information on the new device
• Need training and mentor 
• Learning curve
• Early experience only by the inventor 
• Long term results are not available

55

56
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ETHICAL CHALLENGES OF ADOPTERS OF INNOVATIONS
• Limited information on the new device
• Need training and mentor 
• Learning curve
• Early experience only by the inventor 
• Long term results are not available
• Must make a shared decision with the patient
• MUST PROTECT THE INTEREST OF THE PATIENT!

TAKE HOME MESSAGE
• Surgical innovation is essential to advance cost-

effective care

57
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TAKE HOME MESSAGE
• Surgical innovation is essential to advance cost-

effective care
• Shared decision making by an ethical surgeon and 

a well informed patient is the cornerstone of 
ethical patient care

TAKE HOME MESSAGE
• Surgical innovation is essential to advance cost-

effective care
• Shared decision making by an ethical surgeon and 

a well informed patient is the cornerstone of 
ethical patient care
• Continuous re-evaluation and improvement of a 

new procedure, performing comparative studies, 
cost analysis and long-term follow-up care are our 
responsibilities

59
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“Never before in history has 
innovation offered promise of so 
much to so many in so short a time.”

Bill Gates

“Technological innovation, demographic change (aging 
populations with complex vascular disease), and the 
continued shift toward minimally invasive, image-guided 
interventions. The specialty is evolving into a hybrid 
discipline combining surgery, endovascular intervention, 
advanced imaging, and data science. .”

CHAT-GPT

ARTIFICIAL INTELLIGENCE

THE FUTURE OF VASCULAR SURGERY?

61
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THE FUTURE OF VASCULAR SURGERY
1. Percutaneous endovascular therapy first 

2. Complex aortic endovascular repairs with off-the shelf multibranched devices
3. Reduced radiation exposure due to advanced Imaging and navigation

- Intravascular ultrasound (IVUS)-guided interventions
- Fusion imaging combining CT and fluoroscopy
- 3-D navigation systems and electromagnetic catheter tracking.
- Robotics and remote interventions

4. Hybrid operating rooms with high resolution imaging
Seamless transition between open and endovascular techniques

THE FUTURE OF VASCULAR SURGERY
5. Improved long-term results of infrainguinal procedures 

- lithotripsy, drug coated balloon and drug eluting, bioresorbable and 
biosensor stents, tissue-engineered vascular grafts, cell-based therapies

6. Improved venous and lymphatic Interventions
- Dedicated venous stents, Iliocaval, Left Renal vein and SVC  stents
- Endovascular deep vein valve
- Mechanical thrombectomy for deep vein thrombosis and pulmonary 

embolism
- Supermicrosurgical and robotic lymphatic reconstructions for lymphedema 

7. Open aortic and arterial surgery reserved for failed endovascular 
procedures, infections, malignant tumors and  selected by-passes

63
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THE FUTURE OF VASCULAR SURGERY
8. Artificial Intelligence and Digital Planning

- Automated aneurysm measurement and surveillance
- Endograft sizing and procedural planning with

simulation
- Prediction of restenosis, thrombosis, or endoleaks.

9. Personalized and Data-Driven Vascular Care
- Large clinical registries and machine-learning tools will help

personalized  treatment decisions and predict outcomes

THE OPERATING ROOM AT ST MARY’S HOSPITAL, 
ROCHESTER, MINNESOTA IN 1893

.Dr William J. 
Mayo

Dr Charles H. 
Mayo
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OPERATING ROOM 801 
ST MARY’S HOSPITAL, MAYO CLINIC, ROCHESTER, MN

OPERATING ROOM 801 
ST MARY’S HOSPITAL, MAYO CLINIC, ROCHESTER, MN
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Steve Jobs

“Innovation distinguishes 
between a leader and a follower”

MAYO CLINIC 
VASCULAR AND 
ENDOVASCULAR

PROGRAM
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THANK YOU!

71

36 of 36




