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Neurological Complications

Patterson et al JVS 2014
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13% Stroke Rate 
68% SCI Rate

81% Cerebral 
Infarction



Procedural Stroke:

1. Overt CNS Injury
2. Covert CNS Injury
3. Neurological dysfunction without CNS injury

Neurologic Academic Research Consortium 2017

‘Universal and unambiguous definitions of stroke 
and neurovascular events become of paramount 

importance to understanding the etiology of 
stroke in TEVAR procedures’



Circulation. 2009 May 5; 119(17): 2376–2382. 



Stroke. 2016;47:2813-2819. DOI: 10.1161/ 
STROKEAHA.116.015002



Stent graft deployment

Wire/catheter exchange

Pre-operative

TCD HITS



TCD HITS Relate To Aortic Atheroma Severity

Atheroma grade 4-5 > grade 1-3

p=0.042

100 207



TCD HITS Relate To Landing Zone

Zones 0/1 > Zones 3/4 

450 207             72 

p=0.001



TCD HITS Relate To Cerebral Outcomes



TCD HITS Relate To Procedural Phases Of TEVAR



Can we reduce particulate embolisation during 
TEVAR?

CCerebral Embolic Protection During TAVR: A Clinical Event Meta-Analysis
JACC 69 (4) 463-70



Reducing cerebral injury during TEVAR





Procedure
Median
(IQR)

CEPD
Median
(IQR)

Addition 

Time (mins) 149 (125.5-
191.5)

6.59 (4.6-16) 6.59 mins

Contrast 
(mls)

93 (76.3-
108.8)

22.5 (20-
32.5)

23mls

Radiation 
DAP
(mGy.cm2)

58600 
(41667-
183303) 

1824
(1235-3392)

2.2%

Fluoroscopy 
time (mins)

12.4 (10.4-
14.9)

3.3 (2.4-3.9) 3.3mins

• 90% success rate
• No device associated complications or stroke 

Sentinel Deployment



Protected

7/9 (78%) 23 new lesions

Total SA=379mm2

Median SA= 6mm2 (3-16)

Unprotected

9/12 (75%) 55 new lesions

Total SA=1534mm2

Median SA=16mm2 (3-103)

DW MRI Post-TEVAR Infarction



10 Proximal, 9 distal filters: 95% contained debris

Median no particles: 937 (146-1687)

Median SA=2.66mm2

acute thrombus (95%)

arterial wall (63%)

foreign material (32%). 

What Was Retrieved From The Filters?





Maximum NUMBER of TOTAL HITS – CEPD 95% gas 5% solid

Maximum proportion of SOLID HITS – Wire& pigtail 13% solid, Stent deployment 11%

Procedural Embolization: Gas vs Solid



Gaseous Emboli

Number of new MRI lesions vs gaseous HITS



Spinal cord blood supply

Intrinsic blood supply

Single anterior spinal artery

Paired posterior spinal arteries

Extrinsic blood supply

Vertebral arteries

Intercostals

Adamkiewicz

Lumbars

Internal Iliac





Logistic Regression Modelling

Mean Aortic

Coverage
75 54 1.05 0.007

Subclavian Occluded

No

Yes

12

5

88

95

Ref

0.49

Ref

0.31

TEVAR

FEVAR

Arch Hybrid

Visceral Hybrid

2

14

10

19

98

86

90

81

Ref

4.94

5.71

2.19

Ref

0.36

0.13

0.46

Factor SCI

(%)

No 

SCI

(%)

Adjuste

d 

Odds 

Ratio

P value
Adjusted 

for

Age

Sex

Urgency

Indication

Duration

Procedure

Percentage 

Covered

Subclavian 

Occlusion



Factors increasing risk of spinal cord injury 
during TEVAR

• Extent of aortic coverage

• Coverage of Adamkiewicz artery origin T8-12

• Shaggy aorta

• Compromise of collateral network

• LSA Coverage

• Infrarenal aortic AAA or repair

• Internal iliac occlusion



Risk factors for SCI

Patient Factors

• Aortic pathology

• Extent of disease

• Presentation of disease

• Previous infrarenal graft

• Renal failure

Procedural Factors

• Length aortic coverage

• Left SCA coverage

• Concomitant abdominal surgery

• Occlusion – T10

• Use adjuncts
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LSA Coverage

SCI No LSA Coverage 2.3%

SCI  LSA Coverage      2.8%

p=.005

There is an increased risk 

of SCI with LSA coverage 

Cooper et al JVS 2009



LSA coverage and revascularization

EUROSTAR (n=606)

• Covered no revascularization:4 %

• Covered revascularization: 0%

• p=.027

MOTHER/SGVI (n=1002)

• Covered no revascularization: 4.1%

• Covered revascularization: 1.5%

• Uncovered : 5%



Spinal Protection

SCPP =   MAP  - CSFP

Loss of autoregulation

Hypotension
Spinal drainage

Embolisation

½ of neurological deficits are delayed

12h-21 days



Adjuncts to prevent SCI

• Avoid peri/post-operative hypotension 

• CSF drainage 

• Revascularize the covered  left subclavian

• Choice of landing zones

• Staged procedures

• Sac perfusion branch

• Collateral Preconditioning -minimally invasive segmental artery coil 
embolisation (MISACE)



Conclusions

• Stroke & paraplegia are very poor outcomes 
with associated poor survival

• Robust preventative and rescue protocols 
must be in place 

• Ongoing research needed


