
Tilo Kölbel, MD, PhD

German Aortic Center

Dpt. of Vascular Medicine

University Heart Center Hamburg

The Issue of Stroke during TEVAR in the Arch: 

How Frequent, What Sources and How to Prevent?



Disclosures

 Research-grants, travelling, proctoring speaking-

fees, IP, royalties with Cook.

 Consultant with Philips

 Research, consulting, royalties with Vascutek.

 Shareholder Mokita Medical



Stroke in TEVAR

 Incidence

 in TEVAR: 3-11%

 in complex TEVAR: >10%

 Anterior/posterior circulation

 Mechanism of stroke unclear

 Mortality 20%

 Silent brain infarctions (SBI) up to 87% 

Kahlert et al. 2014; Ann Thorac Surg 98:53-8 

Perera et al. 2015; Br J Surg 102: s2: 5

Feezor et al. 2007; J Endovasc Ther 14:568-73

Böckler et al. 2016; Eur J Vasc Endovasc Surg 51:791-800

Ullery et al. 2012; J Vasc Surg 56:1510-7

Alsafi et al. 2014; J Vasc Surg 60:1499-506



Stroke Definition

Lansky et al. 2017; Eur Heart J; Epub

Lansky et al. 2017; JACC; 69: 679-91



What is Cerebral Injury ?
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Stroke Definition

Clinical Symptoms
Silent Brain 

Infarction (SBI)

Neurologic Academic Research Consortium: NeuroARC

Lansky et al. 2017; Eur Heart J; Epub

Lansky et al. 2017; JACC; 69: 679-91



Clinical Impact of SBI

 Postoperative  confusion

 Cognitive dysfunction

 Impaired mobility

 Depression

 Dementia

 Parkinson disease

 Alzheimer disease

Stroke



SBI-Impact on Mental 

Performance
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Stroke in TEVAR

 Particle embolism during wire

manipulation and graft release

 Air embolisation from stent-graft

 Hemodynamic stroke



Courtesy of Andrea Lansky, Yale



SBI in TAVI

Haussig et al. 2016; JAMA 316:592-601



Solid Embolism in TEVAR

Courtesy of Dr. Janosi, Essen



Protection Strategies

 Patient selection

 Minimize catheter/wire manipulation

 Heparinization: ACT 250-350 sec.

 Temporary occlusion of carotid arteries

 Vessel-loop

 Balloon

 Clamp

 CEP-devices

 Filter devices, e.g. Sentinel by Claret Med.

 Deflectors, e.g. Triguard by Keystone Heart

 Other....

 Carbondioxide flushing



Inci et al. 2016 Sage Open Med 4:1-5
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Elephant in the Room

Air



Air Embolism in EVAR

5 days after Standard EVAR



Air-Embolism in TEVAR



HITs during TEVAR: 90% Gas

Courtesy Richard Gibbs, London



Number and surface area of new 

MRI lesions vs solid HITS



MR-lesions associated with

gaseous HITs

Courtesy Richard Gibbs, London



Air and SBI

Bendszus et al. 2004; Circulation 110:2110-5



Pathophysiology

 Ischemia by arterial blockage

 Shear-stress of passing bubbles

 Inflammatory response

 Brain metabolism ⬇

 Nerval function ⬇

 Blood-brain barrier damage

 Cerebral blood flow ⬇

 Disturbance of blood distribution

 Intracranial pressure ⬆

Muth et al. 2000; N Engl J Med 342: 476-82

vHulst et al. 2003; Clin Physiol Funct Imaging 23: 237-46

Furlow et al. 1982; Stroke 13: 847-52



CO2 - Flushing

Kölbel et al 2016; J Endovasc Surg 23: 393-5 

 2014-2015: n=36

 All complex arch and

ascending TEVAR:

 Branched arch

 Fenestrated arch

 Ascending TEVAR

 All zone 0 -1

 Stroke: 1/36 (3%)

 minor non-disabling stroke



Conclusion

 Stroke during TEVAR is relevant and needs to be
avoided.

 The source of stroke and SBI during TEVAR appears
multifactorial.

 Silent brain infarctions (SBI) during TEVAR are a 
frequent finding (80%) and associated with
neurologic symptoms and cognitive dysfunction.

 Air-embolism may play a significant role in stroke
and SBI during TEVAR.
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