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a B s T r a C T
BaCKground: The outcomes from the randomized controlled trials (rCTs) comparing endovascular aortic aneurysm repair (evar) to open 
surgical repair (OSR) may no longer be reflective of currently technology. Here the EVAR-1 trial and the ENGAGE registry are examined to 
assess potential improvements in outcomes with modern stent graft systems.
MeThods: evar-1 was a multicenter, prospective, randomized controlled trial in the uK and patients were enrolled between 1999 and 2004 
and treated with first- and second-generation devices. ENGAGE is an observational, nonrandomized, prospective registry that completed enroll-
ment between 2009 and 2011. all engage patients were treated with the endurant aaa stent graft system. a descriptive comparison of the 
published four-year outcomes of all-cause mortality (aCM), aneurysm-related mortality (arM), rupture after elective evar, and reinterven-
tions are reported.
resulTs: Through the four-year timepoint, freedom from aCM was 74.4% in the evar-1 Trial and 74.6% in the engage registry. arM 
in the evar-1 trial was 4.2% and in the engage registry was 1.9%. death due to rupture through four years was 1.6% (10/626) and 0.5% 
(6/1263) in the evar-1 and engage patients, respectively. in the evar-1 trial, the proportion of patients requiring at least one reinterven-
tion through the four-year timepoint was 19.3% (121/626) whereas in the engage registry, reinterventions occurred in 10.9% (138/1263) of 
patients.
ConClusions: evar patient outcomes have improved since the time of the original evar vs. osr trials and data from real-world registries 
should be considered a primary resource for developing new guidelines for patient selection and management.
(Cite this article as: Böckler d, Power ah, Bouwman lh, van sterkenburg s, Bosiers M, Peeters P, et al.; engage investigators. improvements in 
patient outcomes with next generation endovascular aortic repair devices in the engage global registry and the evar-1 clinical trial. J Cardiovasc 
surg 2020;61:604-9. doi: 10.23736/s0021-9509.19.11021-X)
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The minimally invasive and perioperative benefits 
of endovascular abdominal aortic aneurysm repair 

(evar) have made it the preferred option in the treatment 
of patients with abdominal aortic aneurysms (aaa). The 
evar-1, aCe, oPen, and dreaM studies were large 
randomized controlled trials (rCTs) that documented 

patient outcomes with evar compared to open surgical 
repair (osr) for the treatment of aaa.1-4 in these land-
mark trials, the short and intermediate-term outcomes with 
evar were as good as osr but there were also higher 
rates of long-term complications for the evar patients. 
While these rCTs were instrumental in the acceptance of 



neXT generaTion endovasCular aorTiC rePair deviCes BÖCKler

vol. 61 - no. 5 The Journal of CardiovasCular surgery 605

BÖCKler
neXT generaTion endovasCular aorTiC rePair deviCes

Materials and methods

The trial design and methodology of the evar-1 trial has 
been previously reported17 and the four-year results were 
released in 2005.1 Briefly, EVAR-1 was a multicenter, 
prospective, randomized controlled trial rCT of 1,252 
patients in the united Kingdom conducted between sep-
tember 1, 1999 and august 31, 2004 with 41 participating 
centers. Written informed consent was obtained from all 
patients and the study was approved by the north-West 
Multicentre research ethics Committee. a total of 626 
patients were assigned to evar and 626 were assigned to 
open repair (OR). EVAR-1 was the first RCT to compare 
evar with osr for endpoints of mortality, quality of life, 
durability, and cost-effectiveness.1, 5, 18, 19 Types of stent 
grafts used in evar-1 are shown in figure 1 with the ma-
jority of devices implanted being the Cook Zenith (54%) 
and Medtronic Talent (32%).

details of the engage registry and methodology 
of data collection have been published previously as 
well.11, 20 engage is an observational, nonrandomized, 
prospective real-world “all comer” registry that began en-
rollment in March 2009. inclusion and exclusion criteria 
were minimal compared to the extensive requirements of 
ide trials. all patients signed consent for their data release 
and the trial was approved by the local institutional review 
boards. To date, the registry has enrolled 1263 patients at 
79 centers in 30 countries. all patients were treated with 
the endurant stent graft for elective repair of their aaas. 

evar, the enrollment periods were the early 2000s and 
only included older first and second generation devices; 
thus, the outcomes may no longer be reflective of currently 
available technology.

There have been many device improvements since 
the time of those landmark rCTs. for example, Type i 
endoleaks and graft migration were concerns for earlier 
generation endografts.5-7 Changes to the devices have 
been made to enhance fixation and accuracy of deploy-
ment8, 9 and modern grafts now have decreased rates of 
reintervention and late conversion.10 as the patient popu-
lation receiving evar has expanded, currently available 
devices are also more conformable to improve outcomes 
in patients with more complex anatomies.9 The endurant 
stent graft system (Medtronic, santa rosa, Ca, usa) 
is one of these new generation stent grafts with a low-
er-profile delivery, greater radial strength, and a small 
amplitude M-shaped proximal stent for better sealing of 
the proximal neck. recent literature suggests the newer-
generation evar devices, like the endurant stent graft, 
have better performance with fewer complications and 
reinterventions.10-13

With the clear evolution of evar devices, donas et al. 
called for research designed to draw more robust conclu-
sions about the performance of current technology12 but a 
new rCT evaluating old versus new evar devices would 
be unethical. To our knowledge, there have been few pre-
vious studies on temporal changes in outcomes due to de-
vice improvements. one study examined the full evolu-
tion of evar devices from early physician made grafts 
through the current generation endurant stent graft sys-
tems and found significant improvement in all-cause and 
aneurysm related mortality, perioperative complications, 
and reinterventions.14 Matsumoto et al. used results from 
two similarly designed thoracic endograft clinical stud-
ies, valor and valor ii, to show that the second generation 
graft studied in the Valor II trial had significantly higher 
freedom from secondary procedures which they attributed 
to device design, operator familiarity, and surrounding 
equipment improvements.15

This analysis compares outcomes from the largest rCT, 
the Comparison of endovascular aneurysm repair with 
open repair in Patients with abdominal aortic aneurysm 
(evar-1), with the the largest real-world registry for any 
single evar stent graft, endurant stent graft natural 
selection global Postmarket registry (engage).16 The 
objective is to report differences in patient outcomes that 
may be due to improvements in technology and patient 
management in the modern era of stent grafts. figure 1.—stent grafts used in the evar-1 Trial.
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in the engage registry, arM through four years was 
1.9% (24/1263) with 25.0% (6/24) deaths due to rupture 
(figure 2B).

in the evar-1 Trial, the proportion of patients requiring 
at least one reintervention through the four-year timepoint 
was 19.3% (121/626). The proportion of patients having 
at least one reintervention through the four-year timepoint 
in engage was 10.9% (138/1263) with the main causes 
being type i endoleaks (21.7%), stent graft occlusions 
(21.2%), and type ii endoleaks (20.1%). The freedom 

Both the evar-1 trial and engage registry were con-
ducted following good clinical practice and the principles 
outlined in the declaration of helsinki.

Major elements of research design, patient enrollment, 
and devices in evar-1 and the engage registry are 
summarized in Table i.11, 17 differences in the published 
four-year outcomes from the evar arm (626 patients) of 
the evar-1 trial and the four-year data of the engage 
registry are reported descriptively. The patient baseline 
characteristics and death due to rupture are presented as 
a mean±standard deviation for continuous variables or a 
percentage of patients for categorical variables. all-cause 
mortality, aneurysm related mortality, and reinterventions 
are reported.

Results
of the baseline characteristics that were reported in both 
studies, 19.0% of engage and 9.0% of evar-1 patients 
had diabetes. The prevalence of cardiac disease in en-
gage and evar-1 was 53.7% and 43.1%, respectively. 
in addition, asa class iv patients comprised 10.6% of the 
engage cohort whereas this sicker class of patient was 
excluded from participating in the evar-1 Trial (Table 
ii).11, 17

Through the four-year timepoint, freedom from all-
cause mortality (aCM) was 74.4% (466/626) and 74.6% 
(942/1263) in the evar arm of the evar-1 Trial and the 
engage registry, respectively (figure 2a). Through four 
years, aneurysm-related mortality (arM) in the evar-1 
trial it was 4.2% (26/626) and 38.5% (10/26) of the deaths 
were attributed to graft rupture after evar deployment. 

Table I.—� Study design, patients, and devices in both EVAR-1 and the ENGAGE global post market registry.
evar-117 engage11

design Prospective rCT (investigational) real world “all comer” registry; intent-to-treat 
(observational)

Centers 41 79
Countries 1 (uK) 30 countries across 6 continents
Key inclusion/exclusion criteria inclusion criteria:

• ≥60 years of age
• Must be fit for OR as determined by the surgeon
• aaa>5.5 cm

exclusion criteria:
• aaa 5.5 cm by CT scan
• otherwise unsuitable for evar

inclusion criteria:
• 18 years of age
• indication for elective aaa repair

exclusion criteria:
• Probability of nonadherence to follow-up 

requirements and
• Concurrent participation in another trial that might 

confound results
years of enrollment september 1999 to august 2004 March 2009 to april 2011
Planned follow-up 5 to 10 years (median 6 years) 30-day and annual visits up to 10 years
number of patients enrolled 1252 patients (626 patients randomized in each arm) 1263 patients consecutively enrolled
devices studied Multiple first-generation AAA devices a single third-generation aaa device (endurant)

Table II.—� Select baseline and anatomic characteristics from both 
randomized groups in the EVAR-1 trial and ENGAGE.

evar-117

n.=543
engage11

n.=1263

age (years±sd) 74.2±6.0 73.1±8.1
n. of males 90.9% (494) 89.5% (1130/1263)
aaa diameter (cm± sd) 6.5±0.9 6.0±1.2
diabetes 9.0% (49) 19.0% (237/1245)
Cardiac diseasea 43.1% (234) 53.7% (678/1262)
Tobacco use a - 49.3% (608/1233)
Current smokersb 21.2% (115) n/a
Past smokersb 67.6% (367) n/a
never smokedb 11.2% (61) n/a
asac,d Classification (%)

Class i - 6.0% (76/1262)
Class ii - 41.8% (528/1262)
Class iii - 41.5% (524/1262)
Class iv excluded from evar-1 10.6% (134/1262)

aCardiac disease classified in EVAR-1 as history of any of the following: 
myocardial infarction (Mi), cardiac revascularization, angina, cardiac valve 
disease, significant arrhythmia, and uncontrolled congestive cardiac failure; in 
ENGAGE, cardiac disease classified as MI, arrhythmia, coronary artery disease, 
and cardiac revascularization; bbaseline variable not reported in engage; 
cbaseline variable not reported in the evar-1 Trial; damerican society of 
anesthesiologists.
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ment occurred between the rCTs and the engage reg-
istry (2000-2010).21 The freedom from aCM, arM, and 
reinterventions in this California registry fell in between 
the rates reported in evar-1 and the engage registry. 
further supporting the idea of improved evar outcomes 
over time, the swedish vascular registry also reports a 
linear improvement in evar outcomes over time for the 
four time periods in their analysis.22

The role of other temporal improvements must also be 
acknowledged as nearly a decade has elapsed from the be-
ginning of enrollment of evar-1 (september 1999) to the 
start of the engage registry (March 2009). Physicians 
have become more proficient in EVAR and studies have 
concluded that patient outcomes are improved with more 
experienced operators.23, 24 The increasing use of imaging 
methods such as intravascular ultrasound during evar 
is also reported to improve patient outcomes through re-
duced contrast load and fluoroscopy time.25, 26 finally, oth-
er paired technologies, such as endoanchors for which the 
pivotal clinical trial began in 2007, have been reported to 
have an effect in reducing endoleaks and migration com-
plications.27, 28 Temporal changes in device design, opera-
tor familiarity, and surrounding equipment improvement 
were noted to have contributed to the improvements in 
outcomes in a similar field of thoracic endografts in their 
valor and valor ii clinical studies.15

While the overall proportion of patients requiring a 

from reinterventions through four years in evar-1 and 
engage are in figure 2C.

overall, death attributable to rupture through four years 
was 1.6% (10/626) and 0.5% (6/1263) in the evar-1 and 
engage patients, respectively (figure 3). There were a 
total of 25 graft rupture complications in the evar-1 trial 
and there were 11 ruptures through four years in the en-
gage registry.

Discussion

in this descriptive comparison of the evar-1 rCT and 
engage data registry, there were notable differences 
showing modern endograft devices have improved out-
comes compared to the older generation stent grafts. Pa-
tients treated with the endurant stent graft had a low rates 
of aneurysm related mortality, complications, and need for 
reintervention which is aligned with findings from previ-
ous literature.10-14 There is a large multicenter registry of 
1763 patients from northern California in which enroll-

figure 2.—freedom from all-cause mortality (a), aneurysm related 
mortality (B), and reinterventions (C) through four years in the evar-1 
Trial and the engage registry.

figure 3.—aneurysm related mortality and deaths due to rupture 
through four years in the evar-1 Trial and the engage registry.
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day evar systems. limitations of this analysis include 
the population in the engage registry was a diverse re-
al-world patient population while the evar-1 Trial had 
a relatively limited sample of patients in the uK which 
likely suggests baseline demographics were different. in 
addition, follow up compliance is inherently not as strictly 
adhered to in a registry as compared to a rCT and as a 
result, events missed in follow up could be higher in a reg-
istry than a rCT. however, the reliability of registry data 
was previously reported by leurs et al. where they found 
similar outcomes from the dreaM trial and eurosTar 
registry despite the difference in experimental design.31 
engage has robust monitoring as previously reported.20 
finally, while the evar-1 trial was used as the compara-
tor with the engage global registry in this analysis, 
other rCTs, such as the dreaM, aCe, and over trials 
could have also qualified as a landmark dataset.

Conclusions

Patients in the engage global registry are having low 
reintervention rates and few graft related adverse events 
through four years postindex procedure. With significant 
changes in stent graft technology and patient management 
practices since the period of landmark rCTs like evar-1, 
the outcomes of the ENGAGE registry are more reflec-
tive of current technology. Moving forward, the data from 
large contemporary evar registries like engage will 
be vital to the continued improvement of evar technol-
ogy, patient selection, patient management, and cost ef-
fectiveness. While longer-term data is still necessary to 
evaluate the durability of modern evar devices, current 
real-world evar registries like engage should replace 
the rCTs as the new benchmark for evar device perfor-
mance.
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