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Program details

12:30 - 12:33
Welcome and introduction
Prof. Lee Bouwman

12:33 – 12:50
Significance of sac regression and drivers of EVAR outcomes
ENGAGE 8 year data
Prof. Lee Bouwman

12:50 – 13:10
Addressing the unmet needs of challenging neck anatomy patients
3 year data ESAR Wide necks
Mr. Colin Bicknell

13:10 – 13:30
On-label ChEVAR: Why optimal device combination
and standardized procedure yields durable results
Prof. Konstantinos Donas
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Long-term aortic success for EVAR
is mostly dependent on:

No/low incidence of endoleaks
No endoleaks is a marker of success

Positive AAA sac dynamics
If AAA sac isn’t growing

 →  good  clinical scenario

Key determinants of EVAR therapy success
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91.6%

81.8%
76.6%

p< 0.001

• Pts with no shrinkage had significantly  more secondary interventions 
than  those with moderate and major  shrinkage

Goncalves et al: Sac Dynamic and Post-operative Course
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VQI evidence links sac regression to better
 long-term survival

O’Donnell TFX, Deery SE, Boitano LT, et al. Aneurysm sac failure to regress after endovascular aneurysm repair is associated with lower long-term survival. J Vasc Surg. 
2019;69(2):414-422.

14,817
 total subjects in VQI 

(Vascular Quality Initiative) 
subjected to EVAR 

between 2003-2017

Survival at 10 Yrs:
Regression 78%
Stable: 69%†

Expansion: 61%†

Metaanalysis – regress/nonregress (stable is not patient)
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Deery et al. J Vasc Surg. 2018;67:157-64.

• Patients with sac expansion vs. sac stable/regression
• Sac expansion independently predicted late mortality 
• Sac regression predicted decrease in late mortality

Deery et al: Sac Expansion Associated with Worse Survival

83%

68%
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Sac regression is associated with lower all-cause 
mortality after contemporary endovascular 
aneurysm repair – a new paradigm for success

5yr ENGAGE Analysis: Sac Dynamics Associated with Survival

ENGAGE Registry – 1263 real world subjects enrolled 2009-2011

Presented at ESVS 2020 (Bockler et al.)

Under submission with EJVES (Li et al.)

SVS definitions for sac change
Decrease sac decrease ≥ 5 mm (n=441, 46.5%)

Stable sac changes < 5 mm (n=462, 48.7%) 

Increase sac increase ≥ 5 mm (n=46, 4.8%)
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5yr ENGAGE Analysis: Freedom from All Cause Mortality
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Time from Implant (Days)

No. at risk
441             438                   395                    362                    328                     191
462             457                   399                    356                    308                     178
46              45                    37                      33                       28                       17

0            366                 732         1097               1462                1827

Decrease 80.0%

Stable 71.9% (p=0.007)

Increase 62.6% (p=0.010)

p-values are for comparisons to the sac decrease group

Under submission with EJVES (Li et al.)



11

5yr ENGAGE Analysis: Multiple Cox Regression for ACM through 5 Years

Under submission with EJVES (Li et al.)
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5yr ENGAGE Analysis: Freedom from Major Adverse Events
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Time from Implant (Days)

No. at risk
441             423                   380                    347                    314                     190
462             438                   379                    335                    289                     171
46              43                    34                      29                       25                       17

0            366                 732         1097               1462                1827

Decrease 75.7%

Stable 67.0% (p=0.007)

Increase 55.6% (p=0.004)

p-values are for comparisons to the sac decrease group
Under submission with EJVES (Li et al.)
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5yr ENGAGE Analysis: Freedom from Secondary Endovascular Procedures
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Time from Implant (Days)

No. at risk
441             418                   379                    342                    303                   185
462             431                   363                    314                    265                   154
46              37                    29                      23                      19                      13

0            366                 732         1097               1462                1827

Decrease 89.8%

Stable 82.5% (p=0.008)

Increase 63.1% (p<0.0001)

p-values are for comparisons to the sac decrease group
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5yr ENGAGE Analysis: Freedom from Type IA Endoleaks

100%
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Time from Implant (Days)
0            366                 732         1097               1462                1827

Decrease 98.3%
Stable 92.4% (p=0.0006)
Increase 91.7% (p=0.007)

p-values are for comparisons to the sac decrease group

No. at risk
441             416                  369                    309                    263                   134
462             427                  368                    302                    246                   104
46             40                   30                      27                      22                       9



15

5 Year Sac Dynamics based on First Year Sac Status

Under submission with EJVES (Li et al.)

DecreaseIncrease
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ENGAGE at 8 years methodology

Teijink et al., Eur J Vasc Endovasc Surg. 2019;58(2):175-181

ENGAGE ITT: 
79 sites

1263 subjects

Agree to Extension: 
50 sites

1016 subjects
610 subjects available

89 exited study within 
5yrs

317 had died in first 
5yrs

390 subjects with informed 
consent 

77 died after 5yrs 
*included in freedom from ACM

143 refused patient informed consent

ENGAGE Cohort
1263 real world subjects 
Enrollment from 2009-2011

ENGAGE Extended Cohort 
390 subjects
8 year follow up compliance:

94% clinical FU, 83% imaging FU
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Methodology – ENGAGE 8yr sac dynamics

Sac increase Diameter increase ≥ 5 mm (n=46, 4.8%)

Sac stable Diameter change < 5 mm (n=462, 48.7%)

Sac decrease Diameter decrease ≥ 5 mm (n=441, 46.5%)

ENGAGE Extended Cohort (n=390)

ENGAGE 8y sac analysis
• SVS definitions for sac change at 1 year
• 1mo post op imaging used as baseline for determination of 1yr sac status

• Extended Cohort: 352 had 1mo and 1y imaging
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ENGAGE Cohort ENGAGE Extended Cohort

Sac Status Evolution over 8 Years
Stable patients fall into decrease or increase groups over time
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No. at risk

441 438 395 362 331 272 191 172 155

462 457 401 358 316 254 174 161 142

46 45 37 33 28 21 15 13 11

Freedom from All Cause Mortality
Sac Decrease significantly better than others

Engage Extended CohortEngage Cohort100%
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30%
0                1                 2                3                4                 5                6                7                8

FF ACM through 8 years
Decrease 61.9±3.1% reference
Stable 56.4±3.1% p=.035
Increase 40.7±9.4% p=.005
p-values are comparisons to sac decrease group

1mo post op imaging used as baseline for determination of 1yr sac status group.  Of the 1263 enrolled in ENGAGE, 949 had 1mo and 1yr 
imaging.  Of the 390 patients who reconsented to the extended FU, 352 had 1mo and 1yr imaging
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No. at risk

441 438 395 362 329 260 175 171 155

462 457 401 358 315 245 162 158 142

46 45 37 33 27 21 14 13 11

Freedom from Aneurysm Related Mortality
Sac Increase had worst outcomes

Engage Extended CohortEngage Cohort
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FF ARM through 8 years
Decrease 99.0±0.8% reference
Stable 98.5±1.0% p=.68
Increase 93.2±4.7% p=.009
p-values are comparisons to sac decrease group

Increase
Stable
Decrease

1mo post op imaging used as baseline for determination of 1yr sac status group.  Of the 1263 enrolled in ENGAGE, 949 had 1mo and 1yr 
imaging.  Of the 390 patients who reconsented to the extended FU, 352 had 1mo and 1yr imaging
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No. at risk

441 438 395 362 329 260 175 171 155

462 457 401 358 315 245 162 158 142

46 45 37 33 27 21 14 13 11

Freedom from Conversion to Open Repair
Sac Increase had worst outcomes

Engage Extended CohortEngage Cohort
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FF Conversion through 8 years
Decrease 98.5±1.0% reference
Stable 97.8±1.2% p=.47
Increase 90.3±5.2% p=<.0001
p-values are comparisons to sac decrease group

1mo post op imaging used as baseline for determination of 1yr sac status group.  Of the 1263 enrolled in ENGAGE, 949 had 1mo and 1yr 
imaging.  Of the 390 patients who reconsented to the extended FU, 352 had 1mo and 1yr imaging
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No. at risk

441 416 377 340 303 236 155 149 127

462 431 365 316 270 200 130 121 102

46 37 29 23 19 14 9 8 5

Freedom from Any Secondary Procedures
Sac Decrease significantly better than others 

Engage Extended CohortEngage Cohort100%
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FF Secondary Procedures through 8 years
Decrease 80.7±3.1% reference
Stable 69.6±3.8% p=.002
Increase 40.2±12.7% p<.0001
p-values are comparisons to sac decrease group

Aneurysm 
Expansion

Graft 
Occlusion

Type II EL

Type I EL

11,5%

14,5%

29,0%

29,5%

Reasons* for secondary 
endovascular procedures through 8 
years

*A subject may have multiple reasons 
for the same secondary endovascular 
procedure

Increase
Stable
Decrease

1mo post op imaging used as baseline for determination of 1yr sac status group.  Of the 1263 enrolled in ENGAGE, 949 had 1mo and 1yr 
imaging.  Of the 390 patients who reconsented to the extended FU, 352 had 1mo and 1yr imaging
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No. at risk

441 365 319 255 218 134 129 115 96

462 333 278 215 175 104 98 89 74

46 29 22 18 16 11 9 6 4

Freedom from Any Endoleak
Sac Decrease significantly better than others

Engage Extended CohortEngage Cohort100%
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FF Any Endoleak through 8 years
Decrease 68.4±2.3% reference
Stable 52.9±2.4% p<.0001
Increase 35.4±7.1%, p<.0001
p-values are comparisons to sac decrease group

Increase
Stable
Decrease

1mo post op imaging used as baseline for determination of 1yr sac status group.  Of the 1263 enrolled in ENGAGE, 949 had 1mo and 1yr 
imaging.  Of the 390 patients who reconsented to the extended FU, 352 had 1mo and 1yr imaging
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8 Year Sac Dynamics based on First Year Sac Status

1 Year Sac Status

100%
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46.5% (441/949)

48.7% (462/949)

4.8% (46/949)

Sac Decrease Sac Stable Sac Increase

Stable sacs are 
not benign

Sac regression 
was persistent at 
8yrs

24%
(27/114)

28%
(32/114)

48%
(55/114)

5%
(6/123)

11%
(14/123)

84%
(103/123)

8 Year Sac Status
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0 1 2 3

Age
Aneurysm diameter at 1M

Sac Increase at 1yr*
Sac Stable at 1yr*

Infrarenal neck angle (º)
Proximal neck diameter >=30mm

Proximal neck length <10mm
Type I or III EL at index procedure

*as compared to sac decrease at 1yr as the reference group.  HR > 1 indicates increased risk for ACM. Univariate Cox proportional hazards regression was performed on ~40 variables that had 
missing values imputed. Variables with univariate p-value < 0.1 and 8 pre-selected variables were entered into a multivariable backward selection Cox model with stay criteria 0.1. The 
pre-selected variables were forced into the final model and are shown above. The following variables (HR) are not plotted but are in the final model with a p-value < 0.05 unless otherwise 
noted: Alcoholism (1.86), Arrhythmia (1.37), Cancer (1.59), Diabetes (1.37), Pulmonary disease (1.52), Peripheral vascular disease (1.29, p = 0.07). 

HR P-value

1.07 <0.0001

1.01 0.0041

1.69 0.022

1.19 0.13

1.24 0.33

1.21 0.35

1.13 0.76

1.03 0.87

Risk Factors for All Cause Mortality through 8 Years
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Limitations

• Differences in KM survival analyses is potentially influenced by events occurring prior to 1 year

• Reconsent group has some indications of being healthier than non-reconsent group 
although there were no differences in anatomical criteria

• Imaging modality is not the same for all patients

• Limited number of patients may impact results although measured outcomes look very 
similar to the larger VQI study

• Post hoc analysis
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Conclusions

ENGAGE Registry:

All cause mortality

Sac regression at one year have significantly fewer events through eight years compared to those with 
sac increase or sac stable

Secondary Procedures 
Endoleaks

Sac regression at one year is likely to persist through eight years

Sac regression is a new paradigm for success 

Sac regression at one year is associated with higher survival through eight years
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