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Endovascular Aortic Aneurysm Repair

• Most common complication is endoleak
• 15% to 45% reported incidence
• secondary interventions in 9% of cases (23± 12 months)

• 30% to 40% overall complication rate
• Persistent aneurysm growth
• New aneurysm formation
• Device migration
• Kinking
• Stent graft thrombosis
• Infection
• Access site complications

A comprehensive analysis of 
contemporary Medicare patients 
revealed that the incidence of late 
rupture 8 years after EVAR is >5% 





Updates and new consensus guidelines

• Duplex ultrasound scanning for surveillance after 
endovascular aortic aneurysm repair (EVAR) has 
been addressed in prior Strandness Symposia

• Growing body of data now guides 
recommendations
• Meta-analyses of trial comparing ultrasound to CT 

imaging for follow up

• Role of contrast-enhanced ultrasound (CEUS)



Systematic review of surveillance after EVAR

J Vasc Surg 2018;67:320-31

• Society for Vascular Surgery committee
• Systematic review and meta-analysis

• Preferred Reporting Items for Systematic Reviews and Meta-Analyses 
statement (PRISM)



Review Findings

• 58 studies included
• 10 were comparative studies

• 42 noncomparative studies

• 6 systematic reviews and meta-analyses

• Endoleak detection at 1 month was as high as 24% with combined 
imaging approach

• Risk of endoleak, mortality, limb ischemia, rupture, and renal 
complications was high and persisted for several years after EVAR
• Basis of subsequent SVS recommendations

J Vasc Surg 2018;67:320-31



Review Results

• Doppler US had lower sensitivity than contrast-enhanced CT but a 
higher specificity for the detection of endoleaks

• Doppler US had poor sensitivity for endoleak detection, whereas 
contrast-enhanced US had high sensitivity

• Contrast-enhanced US was likely to be as sensitive as CTA in detecting 
endoleaks and had higher sensitivity for delayed type II endoleaks

• Both Doppler US and contrast-enhanced US were highly specific for 
type I and type III endoleaks

• The quality of this diagnostic evidence was low to moderate because 
it was derived from observational studies

J Vasc Surg 2018;67:320-31



Simple scatter plot: the size of the nodes is proportional to the sample size of each study

All types of endoleaks Type I and Type III endoleaks
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SVS Practice Guidelines for AAA

• Updated recommendations, new strategies to enhance perioperative 
outcomes after elective and emergency AAA repair

• Areas of uncertainty highlighted, including limitations in diagnostic 
tests

J Vasc Surg 2018;67:2-77



Modalities for Aneurysm Imaging

• For asymptomatic patients, ultrasound detects AAA accurately, 
reproducibly, and efficiently
• Sensitivity and specificity approach 100%

• Aorta cannot be visualized because of bowel gas or obesity in 1-3%

• Insufficiently precise for procedural planning or complex morphologic analyses

• CT imaging more reproducible than ultrasound
• >90% of measurements within 2 mm of initial reading

• Techniques not standardized

• Axial CT measurements may be larger in diameter than ultrasound 
measurements
• CT cross-sectional measurements not obtained perpendicular to aortic centerline

J Vasc Surg 2018;67:2-77



Grading of Recommendations Assessment,
Development, and Evaluation (GRADE)

• GRADE categories use 
standardized terminology

• Strength of recommendation
• Should it be done?

• Quality of evidence
• How good are the objective data 

supporting the recommendation?



Post-EVAR Follow-up

Recommendation
Level of 

recommendation                                  
Quality of 
evidence                                             

• Baseline imaging in first month after EVAR with contrast-
enhanced CT and color duplex ultrasound imaging

• In the absence of an endoleak or sac enlargement, imaging 
should be repeated in 12 months using contrast- enhanced 
CT or color duplex ultrasound imaging

1 (Strong) B (Moderate)

• If a type II endoleak is observed 1 month after EVAR, 
postoperative surveillance with contrast-enhanced CT and 
color duplex ultrasound imaging at 6 months

2 (Weak) B (Moderate)
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Post-EVAR Follow-up

Recommendation
Level of 

recommendation                                  
Quality of 
evidence                                             

• Annual surveillance in no endoleak or AAA enlargement 
observed at 1 year

• Color duplex ultrasound when feasible, or CT imaging if 
ultrasound not possible

2 (Weak) C (Low)

• For type II endoleak associated with aneurysm sac that is 
shrinking or stable, use color duplex ultrasound for 
continued surveillance at 6-month intervals for  24  months 
and then annually thereafter

2 (Weak) C (Low)

J Vasc Surg 2018;67:2-77



Post-EVAR Follow-up

Recommendation
Level of 

recommendation                                  
Quality of 
evidence                                             

• If a new endoleak is detected, evaluate for a type I or type 
III endoleak

2 (Weak) C (Low)

• Non-contrast CT imaging of entire aorta at 5-year intervals 
after open repair or EVAR

2 (Weak) C (Low)

J Vasc Surg 2018;67:2-77



SVS Guidelines for Follow up After Arterial 
Procedures

• Comprehensive review of follow-up practices and their supporting data

• Addressed extracranial carotid artery, thoracic and abdominal aorta, 
mesenteric and renal arteries, and lower extremity arterial revascularization

J Vasc Surg 2018;68:256-84



Grading of Recommendations Assessment,
Development, and Evaluation (GRADE)

• Some strong 
recommendations for 
surveillance were made 
despite low-quality evidence
• Costs and risks of surveillance 

considered relatively low

• Early detection of 
complications deemed critical 
from patient’s perspective

J Vasc Surg 2018;68:256-84



“Strong” Recommendations for EVAR Follow-up

• Contrast-enhanced CT scan at 1 month and 12 months after EVAR, consider more frequent 
imaging if endoleak or other concerning abnormality detected at 1 month

• Quality of Evidence: B (Moderate)

• Duplex ultrasound scan (DUS) at 12-month intervals as alternative imaging surveillance if no 
endoleak or sac enlargement detected during first year after EVAR

• Quality of Evidence: B (Moderate) 

• DUS and non-contrast-enhanced CT scanning as alternative imaging surveillance in patients with 
contraindications to iodinated contrast agents

• Quality of Evidence: B (Moderate)

• Total aortic imaging with non-contrast-enhanced CT scanning at 5-year intervals after open 
surgical repair or EVAR to detect aneurysmal degeneration of other aortic segments

• Quality of Evidence: C (Low)

J Vasc Surg 2018;68:256-84



Meta-analysis of Contrast Enhanced US

• 26 studies with a total of 2638 paired scans in 2217 patients

• CEUS has a high sensitivity and specificity in the detection of 
endoleaks after EVAR

• Concluded that CEUS is useful for post-EVAR surveillance 

J Vasc Surg 2019;69:280-295 



Meta-analysis of Contrast Enhanced US

• Pooled sensitivity and specificity of CEUS for all endoleaks were 0.94 
0.93 (95% CI, 0.89-0.96), respectively

• Summary estimate of sensitivity and specificity for type I and type III 
endoleaks was 0.97 (95% CI, 0.8-1.00) and 1.00 (95% CI, 0.99-1.00), 
respectively

• Identified risk of bias of the selected studies related to blinding for 
the index test and the reference standard

J Vasc Surg 2019;69:280-295 



Need for Contrast Enhanced Ultrasound?

• Selectively used

• Contraindications and
precautions

• Need RN or MD
for injection

• Added time and supplies
for continuous infusion

• Still operator dependent

• Added costs that may not be reimbursed
Contrast in patent limbs and 

in sac from endoleak

Imaging quality and color Doppler sensitivity of modern scanners 
identifies most endoleaks without use of contrast agents



Summary: Post-EVAR Surveillance

• Using ultrasound eliminates radiation exposure, reduces cost, and 
avoids use of nephrotoxic contrast agents 

• Color duplex ultrasound and contrast-enhanced color duplex 
ultrasound are accurate for detecting type I and type III endoleaks, as 
well as sac enlargement 

• Surveillance with ultrasound is safe if there is no endoleak and sac 
size is stable, or for patients with a type II endoleak and stable 
aneurysm size 

• A new endoleak, graft migration, or aneurysm sac growth >5 to 10 
mm should prompt further evaluation with a CT scan



Caveats

• Surveillance noncompliance rates approach 60%, with gaps observed 
3 to 4 years after EVAR

• Particularly among patients of advanced age, with Medicaid eligibility, 
or after treatment at a low-volume center

• Although the risks of late device-related complications and aneurysm 
rupture are well documented, population studies have not 
demonstrated that annual EVAR surveillance confers a survival benefit 
or decreases aneurysm-related mortality

• Not all late ruptures preceded by identified endoleak or sac 
enlargement
• Not all late ruptures can be prevented by vigilant surveillance




