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Vascular Communities View

Audience Poll at LINC 2020



Stroke in TEVAR

Ü Incidence
Ü in TEVAR: 4-5%
Ü in arch TEVAR: 5-20%

Ü Mortality 20%

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



Cook Zenith Branched Arch Endograft

Ü n = 27; Hamburg, Tokio, Lille

Ü 4/2013- 11/2014 

Ü Technical success 27/27

Ü 30d Mortality 0/27

Ü 1y mortality 1/27

Ü Stroke/TIA 3/27

Spear et al 2016; Eur J Vasc Endovasc Surg 51: 380-5  



Bolton – Relay Branched Stentgraft

European experience

Ü Multicenter

Ü n = 15, 12 male, Age 76

Ü All elective

Ü Technical success 15/15

Ü Mortality 1/15 (7%)

Ü Stroke 3/15 (20%)

Czerny, M et al. 2018; Eur J Cardio Thorac Surg 53:1007-12



Cerebral damage is frequently overlooked on postop. visit



Stroke Rate Depends on Definition

Lansky et al. 2018; Eur Heart J 39:1687-97Lansky et al. 2017; JACC; 69: 679-91
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Silent Brain Infarcts: Not So Silent!

Ü Postoperative  confusion

Ü Cognitive dysfunction

Ü Future stroke

Ü Impaired mobility

Ü Depression

Ü Dementia

Ü Parkinson disease

Ü Alzheimer disease

Stroke

Ghanem et al. 2017; PLoS ONE 12: e0168852

Gupta et al. 2016; Stroke 47:719-25
Vermeer et al. 2007; Lancet Neurol 6:611-9



Air-Embolism in Branched Arch TEVAR



Stroke by Air-Embolism in TEVAR

Inci et al. 2016 Sage Open Med 4:1-5100𝜇m Air-bubble



40𝜇m Air-bubble in Human Cerebral
Capillary after CPB

Moody et al.1990; Ann Neurol 28:477-86



Animal Model of Endovascular Air Embolism

Ü Small animal model (male Wistar rats)

Ü 85micron air bubble by automated generator

Ü DW-MRI showed corresponding lesions

Schaefer et al. 2022, J Endovasc Ther, epub



Pathophysiology of Air-Embolism

Ü Ischemia by arterial blockage

Ü Shear-stress of passing bubbles

Ü Inflammatory response

Ü Brain metabolism⬇

Ü Nerval function⬇

Ü Blood-brain barrier damage

Ü Cerebral blood flow⬇

Ü Disturbance of blood distribution

Ü Intracranial pressure⬆

Muth et al. 2000; N Engl J Med 342: 476-82vHulst et al. 2003; Clin Physiol Funct Imaging 23: 237-46Furlow et al. 1982; Stroke 13: 847-52



TCD: 90% of HITs during TEVAR are Gaseous

Grover et al. 2018; J Vasc Surg 68:1656-66

Courtesy of Carlos Bechara, Alan Lumsden, Houston Methodist Center



Embolization Pathways in Cryptogenic Stroke

Wehrum et al. 2017; J Cardiovasc Magn Res Imag 19:67  Harloff et al. 2009; Stroke 40:1505-8   

Conclusions: Substantial diastolic retrograde flow
originating from complex plaques in the descending
aorta was detected by multidirectional 3D MRI velocity
mapping and constitutes a stroke mechanism...



Air Embolism in EVAR//TEVAR

5 days after EVAR 2 days after TEVAR
Courtesy of Gustavo Oderich, Mayo-Clinic



CO2 - Flushing

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

Ü 2014-2015: n=36

Ü All complex arch TEVAR:
Ü Branched arch
Ü Fenestrated arch
Ü Ascending TEVAR

Ü All zone 0 -1

Ü Stroke: 1/36 (3%)
Ü minor non-disabling stroke



CO2-Flushing



CO2-Flushing Becoming Standard of Care

Stevens et al. 2020; J Oper Manag 66:112-34



TEVAR with CO2 Flushing

Richard Gibbs, Imperial College, presented at CX Aortic Vienna, October, 7th 2021



Conclusion

Ü Stroke and SBI during TEVAR is relevant and needs to be avoided.

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

Ü The source of stroke and SBI during TEVAR is multifactorial.

Ü Carbondioxide flushing is the best available technique to reduce cerebral air-
embolisation


