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Endovascular!Aneurysm!Repair!—!Is!It!Durable?
K. Craig Kent, M.D.

Abdominal aortic aneurysm is a lethal condition 
associated with an 85% risk of death after rup-
ture. Optimal treatment relies on early detection 
followed by prophylactic surgical intervention. 
Although aneurysms are traditionally treated with 
open surgery, the use of endovascular repair has 
increased dramatically and is the most frequent 
form of therapy in the United States.1 As is often 
the case with new surgical techniques, there may 
be trade-offs, including reduced invasiveness, 
durability, and cost. To weigh these trade-offs, 
two randomized trials comparing endovascular 
repair with open surgery have been conducted, 
the United Kingdom Endovascular Aneurysm Re-
pair 1 (EVAR-1) trial2 and the Dutch Randomized 
Endovascular Aneurysm Repair (DREAM) trial,3 
with their long-term results reported in this issue 
of the Journal.

The findings of both studies are remarkably 
similar. Thirty-day mortality is markedly im-
proved in patients treated with endovascular ver-
sus open repair. However, over time this benefit 
disappears, with patients having equivalent long-
term survival with both interventions. Among 
patients undergoing endovascular repair, the ear-
ly advantage in mortality is short-lived, with the 
curves merging within 2 years. In a third re-
cently published trial, the Open Versus Endovas-
cular Repair (OVER) trial, the early advantage of 
endovascular repair also disappeared by year 2.4 
The merging of the mortality curves is related 
to late deaths in the endovascular-repair cohort, 
and at least in the EVAR-1 trial these late deaths 
appeared to be aneurysm-related.

After the initial reports of these trials, there 
was concern that continued aneurysm-related 
deaths beyond 2 years in the endovascular-repair 
groups might result in increased long-term mor-

tality for endovascular repair, as compared with 
open surgery. Thus, the important finding of 
these new analyses is that long-term rates of 
death for both interventions remain equivalent. 
A simplistic conclusion might be that endovas-
cular repair provides early advantage and late 
equivalence and thus is the better option.

However, there is more to consider. Patients 
undergoing endovascular repair require long-term 
monitoring, and for some patients there is a 
need to reintervene. In the DREAM and EVAR-1 
trials, at 6 and 8 years, the cumulative rate of 
reintervention for patients undergoing endovas-
cular repair was approximately 30%. Alterna-
tively, there is also a frequent need for reinter-
vention after open aneurysm repair, including 
reoperation for incisional hernia, wound infec-
tion, pseudoaneurysm, and bowel obstruction. In 
the DREAM trial, in which some of these late 
complications were measured, the cumulative 
6-year rate of reintervention for open surgery 
was approximately 20% (laparotomy-related com-
plications were not measured in the EVAR-1 trial). 
Moreover, in a recently published analysis of the 
U.S. Medicare database, rates of reintervention 
after endovascular repair and open surgery were 
equivalent.5

Another major issue that remains unresolved 
is cost. In the EVAR-1 trial, the long-term expense 
of endovascular repair versus open surgery was 
estimated as an additional £3,019 ($4,568) per 
patient. However, many important expenses were 
not included in this analysis. Open surgery is 
associated with an increased incidence of peri-
operative morbidity, such as renal failure and 
stroke, which can lead to long-term expense.6 
Also not evaluated were expenses associated with 
monitoring patients after endovascular repair 
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and with reinterventions after open surgery. Al-
though ultimately endovascular repair may be 
more expensive than open repair, the extent of 
this difference and how the two will fare in a 
true cost-effective analysis are not clear. In an 
era of comparative effectiveness, further evalua-
tion will be essential.

Trials that are designed to evaluate new inter-
ventions are frequently confounded by continued 
evolution of the technology. The DREAM and 
EVAR-1 trials were initiated 10 and 11 years ago, 
respectively, and over time, endovascular-graft 
design has evolved substantially. Moreover, pa-
tient selection, surgeon experience, and treat-
ments for graft complications have also improved 
over time. It is not unreasonable to assume that 
current outcomes for endovascular repair are 
substantially better than those reported in these 
trials. It is also important to note that many pa-
tients with treatable aneurysms fall outside the 
inclusion criteria for these studies. In the EVAR-1 
trial, nearly 5000 patients were screened to iden-
tify the 1252 who underwent randomization. 
Thus, clinicians should be cautious not to gen-
eralize these findings to all patients needing 
aneurysm repair.

Also included in this issue of the Journal are 
the results of the United Kingdom Endovascular 
Aneurysm Repair 2 (EVAR-2) trial,7 a randomized 
study comparing endovascular repair with no 
treatment for patients with abdominal aortic an-
eurysm who were considered to be at high risk 
for death and complications with open surgery. 
The authors conclude that patients who are at 
high risk if they undergo open aneurysm repair 
will not benefit from endovascular repair. The re-
sults of this trial provide an important message. 
Prophylactic repair of abdominal aortic aneu-
rysm is designed to prolong life, and patients 
with a poor life expectancy because of coexist-
ing illnesses or those who cannot safely tolerate 
a minimally invasive procedure should not be 
treated. What is not clear from the EVAR-2 trial 
is how to determine which patients are at high 
risk. In an analysis of the U.S. Medicare data-
base, only 3.4% of 67,000 patients who under-
went endovascular repair had an operative risk 
of more than 5%.8 Thus, the high-risk cohort is 
small, and the majority of patients with large 
aneurysms are indeed candidates for interven-
tion.8

The finding of an early mortality advantage 

followed by long-term equivalence will probably 
lead most patients to select endovascular repair. 
Currently in the United States, more than 60% 
of infrarenal aneurysms are repaired by endo-
vascular techniques (unpublished data), and it is 
unlikely that this number will diminish as a 
consequence of these new findings. However, 
decisions need to be individualized. The need 
for reintervention after endovascular repair per-
sists even at 8 years. Thus, patients with a favor-
able life expectancy should consider open repair, 
and careful follow-up of patients undergoing 
endovascular repair is essential, since some late 
deaths are potentially preventable with close mon-
itoring and appropriate reintervention. All pa-
tients should be informed of the advantages and 
disadvantages of endovascular repair; some will 
be willing to assume the up-front risk of open 
surgery to avoid the late consequences of endo-
vascular repair, and others will not.

The authors of the DREAM and EVAR-1 and 2 
trials are to be commended for recognizing the 
need for long-term and comparative evaluation 
of new surgical techniques. Although many ques-
tions remain unanswered, the results of these 
studies provide additional insight into how we 
should treat patients with aneurysmal disease.

Disclosure forms provided by the author are available with the 
full text of this article at NEJM.org.
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Background
Few data are available on the long-term outcome of endovascular repair of abdominal 
aortic aneurysm as compared with open repair.

Methods
From 1999 through 2004 at 37 hospitals in the United Kingdom, we randomly as-
signed 1252 patients with large abdominal aortic aneurysms (!5.5 cm in diameter) 
to undergo either endovascular or open repair; 626 patients were assigned to each 
group. Patients were followed for rates of death, graft-related complications, re-
interventions, and resource use until the end of 2009. Logistic regression and Cox 
regression were used to compare outcomes in the two groups.

Results
The 30-day operative mortality was 1.8% in the endovascular-repair group and 4.3% 
in the open-repair group (adjusted odds ratio for endovascular repair as compared 
with open repair, 0.39; 95% confidence interval [CI], 0.18 to 0.87; P = 0.02). The en-
dovascular-repair group had an early benefit with respect to aneurysm-related mor-
tality, but the benefit was lost by the end of the study, at least partially because of 
fatal endo graft ruptures (adjusted hazard ratio, 0.92; 95% CI, 0.57 to 1.49; P = 0.73). 
By the end of follow-up, there was no significant difference between the two groups 
in the rate of death from any cause (adjusted hazard ratio, 1.03; 95% CI, 0.86 to 
1.23; P = 0.72). The rates of graft-related complications and reinterventions were 
higher with endovascular repair, and new complications occurred up to 8 years 
after randomization, contributing to higher overall costs.

Conclusions
In this large, randomized trial, endovascular repair of abdominal aortic aneurysm 
was associated with a significantly lower operative mortality than open surgical 
repair. However, no differences were seen in total mortality or aneurysm-related 
mortality in the long term. Endovascular repair was associated with increased rates 
of graft-related complications and reinterventions and was more costly. (Current 
Controlled Trials number, ISRCTN55703451.)
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A bdominal aortic aneurysm is a com-
mon condition of increasing prevalence, 
particularly among older men. As the size 

of the aneurysm increases, so does the risk of 
rupture. Therefore, prophylactic repair with inser-
tion of a prosthetic graft is offered. Since 1951, 
open surgical repair has been practiced.1 Mini-
mally invasive endovascular aneurysm repair was 
first reported in 1986.2 The three principal ran-
domized trials comparing endovascular and open 
repair of abdominal aortic aneurysm have all 
shown a marked benefit of endovascular repair 
with respect to 30-day operative mortality,3-5 and 
these results have been supported by data from 
large registries.6 Therefore, endovascular repair 
has become a common treatment option.

There is strong evidence that open repair is 
durable,7,8 but there has been little careful long-
term follow-up of endovascular repair. The Euro-
pean Collaborators on Stent/Graft Techniques for 
Aortic Aneurysm Repair (EUROSTAR) Registry, 
which is the largest registry of patients undergo-
ing endovascular repair, provides data for a mean 
follow-up of only 3 years on patients who received 
first-generation endografts, which had relatively 
poor performance as compared with endografts 
that are currently in use.9 In the three major 
randomized trials, the follow-up period was also 
fairly short (mean, 2 to 3 years).5,10,11 Good-quality 
data regarding the longer-term durability, costs, 
and effects of endovascular repair are limited. In 
the current trial, called the United Kingdom En-
dovascular Aneurysm Repair 1 (EVAR 1) trial, we 
compared the long-term results of endovascular 
versus open repair of large aneurysms.

Me thods

Trial Design
The methods that we use in this trial have been 
described previously3,11,12 and are discussed in 
detail in the Supplementary Appendix (available 
with the full text of this article at NEJM.org). In 
summary, EVAR 1 was a randomized trial de-
signed by the principal investigator in consulta-
tion with the grant applicants, the members of the 
trial-management and steering committees, and 
the trial manager. The trial was sponsored by the 
Health Technology Assessment Programme of 
the National Institute for Health Research in the 
United Kingdom. No support was provided by 
pharmaceutical or medical-device companies. Full 
approval of the trial was granted by the United 

Kingdom’s North West Multicentre Research Eth-
ics Committee. 

The trial was conducted at 37 hospitals that 
met the criteria for participation in the trial (for 
details, see the Supplementary Appendix). Trained 
local coordinators were responsible for recruit-
ment of patients, data collection, and follow-up.

Trial Procedures
Patients of both sexes who were at least 60 years 
of age with an abdominal aortic aneurysm mea-
suring at least 5.5 cm in diameter on computed 
tomography (CT) were evaluated for trial partici-
pation. Patients who were considered to be ana-
tomically and clinically suitable candidates for 
either open surgical repair or endovascular repair 
were offered enrollment in the EVAR 1 trial (see 
the Supplementary Appendix for details regard-
ing candidate evaluation). Patients who were not 
considered to be candidates for open surgical re-
pair but who were considered to be candidates for 
endovascular repair were offered enrollment in the 
Endovascular Aneurysm Repair 2 (EVAR 2) trial, 
reported elsewhere in this issue of the Journal.13 
All patients provided written informed consent.

The patients in EVAR 1 were randomly assigned 
to undergo either open repair or endovascular re-
pair. Patients were encouraged to undergo repair 
within 1 month after randomization, although 
such scheduling was not always possible for logis-
tic or other reasons. CT was performed at 1 and 
3 months in patients undergoing endovascular re-
pair and annually in all patients in the two study 
groups. The primary outcome was death from 
any cause, but aneurysm-related death was also 
assessed, as were graft-related complications and 
graft-related reinterventions. (Full definitions of 
the trial end points are available in the Supple-
mentary Appendix.) For patients who died, we 
obtained death certificates from the Office for 
National Statistics and classified the deaths using 
codes from the International Classification of Diseases, 
10th Revision. An independent end-points commit-
tee whose members were unaware of study-group 
assignments reviewed all deaths. The methods 
that we used to assess the completeness of data 
for all outcomes and to account for loss to fol-
low-up are described in the Supplementary Ap-
pendix.

Statistical Analysis
All analyses were performed according to a pre-
defined statistical-analysis plan and were based 
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on the intention-to-treat principle, with outcomes 
assessed from the time of randomization. Logis-
tic regression was used to compare operative and 
in-hospital mortality among patients who had 
undergone aneurysm repair, and Cox regression 
was used to compare total mortality, aneurysm-
related mortality, and rates of graft-related com-
plications and reinterventions. Kaplan–Meier es-
timates were used to present results for 8 years, 
when just over 200 patients remained in follow-
up. Crude regression estimates are presented, as 
well as estimates adjusted for baseline covariates 
(see the Supplementary Appendix).

Hazard ratios were calculated for total follow-
up and for three predefined periods: randomiza-

tion to 6 months, more than 6 months to 4 years, 
and after 4 years. A per-protocol analysis was per-
formed on data from patients who had undergone 
their randomly assigned treatment. This analysis 
excluded patients who did not undergo aneurysm 
repair, those who underwent emergency repair, 
those in whom the repair was abandoned during 
surgery (i.e., the aorta was left unrepaired), and 
those who did not undergo the randomly assigned 
procedure. All reported P values are two-sided. All 
analyses were performed with the use of Stata 
statistical software, version 10. (Additional infor-
mation on the statistical methods that were used, 
including detailed methods for assessment of  
costs, is provided in the Supplementary Appendix.)

Table!1.!Baseline!Characteristics!of!the!Patients.*

Characteristic
Endovascular!Repair

(N!=!626)
Open!Repair

(N!=!626)

Age — yr 74.1±6.1 74.0±6.1

Male sex — no. (%) 565 (90.3) 570 (91.1)

Diameter of abdominal aortic aneurysm (626 and 625  
patients) — cm

6.4±0.9 6.5±1.0

Body-mass index (625 and 620 patients)† 26.5±4.6 26.5±4.3

Diabetes (624 and 620 patients) — no. (%) 61 (9.8) 68 (11.0)
Smoking status (625 and 625 patients) — no. (%)

Current smoker 134 (21.4) 136 (21.8)

Former smoker 419 (67.0) 444 (71.0)

Never smoked 72 (11.5) 45 (7.2)
History of cardiac disease — no. (%)‡ 269 (43.0) 261 (41.8)

Blood pressure — mm Hg

Systolic (621 and 624 patients) 148±22 147±21

Diastolic (619 and 623 patients) 82±12 82±13

Ankle–brachial pressure index (613 and 599 patients)§ 1.01±0.18 1.03±0.18

Forced expiratory volume in 1 second (618 and 622 patients) — liters 2.1±0.7 2.2±0.7

Serum creatinine (625 and 622 patients) — µmol/liter

Median 102 102

Interquartile range 91–118 90–120

Serum cholesterol (608 and 601 patients) — µmol/liter 5.1±1.2 5.1±1.1

Statin use (619 and 623 patients) — no. (%) 216 (34.9) 224 (36.0)

Aspirin use — no. (%) 338 (54.0) 325 (51.9)

* Data were available for all patients except for characteristics where numbers in the endovascular-repair group and the 
open-repair group, respectively, are shown. Plus–minus values are means ±SD. To convert the values for creatinine to 
milligrams per deciliter, divide by 88.4. To convert the values for cholesterol to milligrams per deciliter, divide by 
0.02586.

† The body-mass index is the weight in kilograms divided by the square of the height in meters.
‡ Cardiac disease was defined as any of the following: myocardial infarction, angina, cardiac revascularization, cardiac-

valve disease, clinically significant arrhythmia, and uncontrolled congestive heart failure.
§ The ankle–brachial pressure index is the ratio of the blood pressure in the lower legs to the blood pressure in the arms; the 

mean for both legs is shown. 
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R esult s

Patients
From September 1, 1999, through August 31, 
2004, we recruited 1252 patients to participate in 
EVAR 1, with patients equally and randomly di-
vided into the two surgical groups. This overall 
group consisted of the 1082 patients included in 
a planned midterm analysis that was reported in 
200511 and an additional 170 patients who were 
enrolled between January 2004 and August 2004, 
who were not included in the midterm analysis 
(Fig. 1 in the Supplementary Appendix). There were 
no significant differences between the two treat-
ment groups with respect to baseline characteris-
tics (Table 1). The mean (±SD) age was 74.1±6.1 
years, and 1135 of the patients (90.7%) were men. 
The mean aneurysm diameter was 6.4±0.9 cm.

Patients were followed until September 1, 2009 
(minimum, 5 years; maximum, 10 years). The me-
dian follow-up until death or the end of the study 
was 6.0 years (interquartile range, 3.9 to 7.3), and 
only 1% of patients were lost to follow-up in 
terms of mortality. During the study period, 1216 
aneurysm-repair procedures were actually per-
formed, including 8 emergency procedures (Fig. 1 

in the Supplementary Appendix). For patients 
undergoing aneurysm repair, the median time 
from randomization to surgery was 44 days (in-
terquartile range, 29 to 70) in the endovascular-
repair group and 35 days (interquartile range, 20 
to 57) in the open-repair group.

Of the 12 patients in the endovascular-repair 
group who did not undergo aneurysm repair,  
7 died within 6 months after randomization (3 as 
a result of rupture), 3 became physically ineligible, 
1 declined surgery, and 1 became anatomically 
unsuitable because of a change in the shape of 
the aorta. Of the 24 patients in the open-repair 
group who did not undergo aneurysm repair,  
7 died within 6 months after randomization (3 as 
a result of rupture), 7 became physically ineligible, 
8 declined surgery (of whom 3 died), and 2 had 
an unknown reason (of whom 2 died).

Operative Mortality
At 30 days after surgery, the numbers of patients 
who had died were 11 of 614 patients (1.8%) in 
the endovascular-repair group (including 1 pa-
tient who underwent emergency repair) and 26 of 
602 patients (4.3%) in the open-repair group (in-
cluding 1 patient who underwent emergency re-

Table!2.!Deaths!from!Any!Cause!and!from!Aneurysm-Related!Causes,!According!to!Time!since!Randomization.

Outcome
Endovascular!Repair

(N!=!626)
Open!Repair

(N!=!626) Hazard!Ratio!(95%!CI) P!Value†

Unadjusted Adjusted*

no./total no. (rate/100 person-yr)

Any!death

All patients 260/626 (7.5) 264/626 (7.7) 0.98 (0.82–1.16) 1.03 (0.86–1.23) 0.72

Time since randomization

0–6 mo 26/626 (8.5) 45/626 (15.0) 0.57 (0.35–0.92) 0.61 (0.37–1.02) 0.06

>6 mo–4 yr 125/599 (6.7) 116/581 (6.3) 1.06 (0.82–1.37) 1.12 (0.86–1.45) 0.39

>4 yr 109/472 (8.4) 103/461 (7.9) 1.04 (0.80–1.37) 1.09 (0.82–1.44) 0.57

Aneurysm-related!death

All patients 36/626 (1.0) 40/626 (1.2) 0.89 (0.57–1.39) 0.92 (0.57–1.49) 0.73

Time since randomization

0–6 mo 14/626 (4.6) 30/626 (10.0) 0.46 (0.24–0.87) 0.47 (0.23–0.93) 0.03

>6 mo–4 yr 12/599 (0.6) 8/581 (0.4) 1.48 (0.60–3.61) 1.46 (0.56–3.82) 0.44

>4 yr 10/472 (0.8) 2/461 (0.2) 4.96 (1.09–22.65) 4.85 (1.04–22.72) 0.05

* Hazard ratios have been adjusted for baseline age, sex, diameter of abdominal aortic aneurysm, forced expiratory volume in 1 second, se-
rum creatinine level (log transformed), use or nonuse of statins, body-mass index, smoking status, systolic blood pressure, and serum cho-
lesterol level. A total of 77 patients were excluded from the follow-up analysis because of missing data.

† P values have been adjusted for baseline covariates.
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pair) (adjusted odds ratio in the endovascular-
repair group, 0.39; 95% confidence interval [CI], 
0.18 to 0.87; P = 0.02). The total numbers of pa-
tients who died during hospitalization for aneu-
rysm repair were 14 of 614 patients (2.3%) in the 
endovascular-repair group (including 2 patients 
who underwent emergency repair) and 36 of 602 
patients (6.0%) in the open-repair group (includ-
ing 3 patients who underwent emergency repair) 
(adjusted odds ratio, 0.39; 95% CI, 0.20 to 0.76; 
P = 0.006).

Total and Aneurysm-Related Mortality
During 6904 person-years of follow-up, 524 deaths 
occurred, 76 of which were aneurysm-related. Ta-
ble 2 presents total mortality and aneurysm-relat-
ed mortality on the basis of Cox regression analy-
sis. The overall total mortality was 7.5 deaths per 
100 person-years in the endovascular-repair group 
and 7.7 deaths per 100 person-years in the open-
repair group (adjusted hazard ratio in the endo-
vascular-repair group, 1.03; 95% CI, 0.86 to 1.23; 
P = 0.72). The overall aneurysm-related mortality 
was 1.0 deaths per 100 person-years in the endo-
vascular-repair group and 1.2 deaths per 100 per-
son-years in the open-repair group (adjusted haz-
ard ratio, 0.92; 95% CI, 0.57 to 1.49; P = 0.73).

There was evidence of deviation from the pro-
portional-hazards assumption for aneurysm-relat-
ed mortality (P = 0.004), with an early benefit of 
endovascular repair during the first 6 months 
(adjusted hazard ratio, 0.47; 95% CI, 0.23 to 0.93; 
P = 0.03) being counteracted by an increase in 
aneurysm-related mortality after 4 years (adjusted 
hazard ratio, 4.85; 95% CI, 1.04 to 22.72; P = 0.05). 
There was no significant evidence of deviation 
from the proportional-hazards assumption for 
total mortality (P = 0.11). Kaplan–Meier curves 
for total mortality and aneurysm-related mortal-
ity are shown in Figure 1, with rates of death 
from any cause in the two groups converging at 
2 years and rates of aneurysm-related death con-
verging at 6 years.

Causes of death are listed in Table 2 in the 
Supplementary Appendix, stratified according to 
the time of death in relation to the time of an-
eurysm repair. Sensitivity analyses that included 
patients with missing baseline adjustment covari-
ates produced results that were almost identical 
to the results of analyses that included only pa-
tients with complete data. There was no evidence 
of significant interactions between the random-
ly assigned treatment and age, sex, or aneurysm 

diameter for either total mortality or aneurysm-
related mortality (P>0.10 for all comparisons). Per-
protocol analysis was performed for the 1165 pa-
tients who had undergone their randomly assigned 
treatment (Fig. 1 in the Supplementary Appendix). 
A total of 469 deaths occurred (56 of which were 
aneurysm-related) in the per-protocol group. The 
overall total mortality was 7.2 deaths per 100 per-
son-years in the endovascular-repair group and 7.1 
deaths per 100 person-years in the open-repair 
group (adjusted hazard ratio in the endovascular-
repair group, 1.05; 95% CI, 0.87 to 1.27; P = 0.61). 
The overall aneurysm-related mortality was 0.9 
deaths per 100 person-years in the endovascular-
repair group and 0.8 deaths per 100 person-years 
in the open-repair group (adjusted hazard ratio, 
1.06; 95% CI, 0.60 to 1.88; P = 0.85).

Graft-Related Complications  
and Reinterventions

During 5309 person-years of follow-up, 567 graft 
complications were reported in 360 patients, with 

 

Figure!1.!Kaplan–Meier!Estimates!for!Total!Survival!and!Aneurysm-Related!
Survival!during!8!Years!of!Follow-up.

Among patients randomly assigned to either endovascular repair or open 
 repair of an abdominal aortic aneurysm, an early benefit with respect to 
 aneurysm-related mortality in the endovascular-repair group was lost by 
the end of the study, at least partially because of fatal endograft ruptures 
(adjusted hazard ratio with endovascular repair, 0.92; 95% CI, 0.57 to 1.49; 
P = 0.73). By the end of 8 years of follow-up, there was no significant differ-
ence between the two groups in the risk of death from any cause (adjusted 
hazard ratio, 1.03; 95% CI, 0.86 to 1.23; P = 0.72).
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1 complication in 238 patients, 2 complications in 
67 patients, 3 complications in 33 patients, 4 com-
plications in 17 patients, 5 complications in 2 pa-
tients, and 6 complications in 3 patients (Table 3 
in the Supplementary Appendix). Graft rupture 
occurred in 25 patients after the placement of the 
endograft, with conversion to open repair attempt-
ed in 7 patients, 5 of whom survived. Conversion 
to open repair occurred for other reasons in an 
additional 18 patients, 15 of whom survived. Mor-
tality was high after graft rupture, with 17 of 25 
patients (68.0%) dying within 30 days and 1 pa-
tient dying after 30 days (Table 2 in the Supple-
mentary Appendix). A total of 257 graft-related re-
interventions were performed in 200 patients, with 
1 reintervention in 161 patients, 2 reinterventions 
in 26 patients, and 3 to 5 reinterventions in 13 
patients.

The overall rates of graft-related complications 
and reinterventions were higher by a factor of 
three to four in the endovascular-repair group than 
in the open-repair group (Table 3 and Fig. 2). 
There was evidence of deviation from the pro-
portional-hazards assumption for both compli-
cations (P = 0.01) and reinterventions (P = 0.001), 

with most of the deviation attributable to a high 
relative increase in graft-related events in the en-
dovascular-repair group from 6 months to 4 years 
after surgery.

Costs
Detailed costs are provided in Table 4 in the Sup-
plementary Appendix. The mean cost of the pri-
mary aneurysm repair was £13,019 (U.S. $19,698) 
in the endovascular-repair group and £11,842 
($17,917) in the open-repair group (mean differ-
ence, £1,177 [$1,781]; 95% CI, "374 to 2,728 ["566 
to 4,127]). The mean cost of aneurysm-related re-
admissions was £2,283 ($3,454) in the endovas-
cular-repair group and £442 ($669) in the open-
repair group (mean difference, £1,841 [$2,785]; 
95% CI, 913 to 2,770 [1,381 to 4,191]). During  
8 years of follow-up, the total average cost of 
aneurysm-related procedures in the endovascular-
repair group was £3,019 ($4,568) more than in the 
open-repair group (mean costs, £15,303 [$23,153] 
and £12,284 [$18,586], respectively). The primary 
admission and the later admissions for graft-
related reinterventions contributed almost equal-
ly to the cost difference.

Table!3.!First!Graft-Related!Complication!or!Reintervention,!According!to!Time!since!Randomization.

Outcome
Endovascular!Repair

(N!=!626)
Open!Repair

(N!=!626) Hazard!Ratio!(95%!CI) P!Value†

Unadjusted Adjusted*

no./total no. (rate/100 person-yr)

Complication

All patients 282/626 (12.6) 78/626 (2.5) 4.38 (3.41–5.63) 4.39 (3.38–5.70) <0.001

Time since randomization

0–6 mo 132/626 (48.7) 45/626 (15.6) 3.08 (2.20–4.33) 3.18 (2.23–4.52) <0.001

>6 mo–4 yr 114/473 (9.0) 18/550 (1.1) 8.37 (5.09–13.76) 7.92 (4.80–13.09) <0.001

>4 yr 36/280 (5.1) 15/413 (1.4) 3.65 (2.00–6.67) 3.33 (1.76–6.29) <0.001

Reintervention

All patients 145/626 (5.1) 55/626 (1.7) 2.78 (2.04–3.80) 2.86 (2.08–3.94) <0.001

Time since randomization

0–6 mo 66/626 (22.9) 40/626 (13.8) 1.65 (1.12–2.44) 1.75 (1.16–2.63) 0.007

>6 mo–4 yr 55/537 (3.4) 6/555 (0.3) 9.97 (4.29–23.15) 9.12 (3.90–21.3) <0.001

>4 yr 24/377 (2.4) 9/428 (0.8) 3.12 (1.47–6.80) 3.24 (1.48–7.11) 0.003

* Hazard ratios have been adjusted for baseline age, sex, diameter of abdominal aortic aneurysm, forced expiratory volume in 1 second, se-
rum creatinine level (log transformed), use or nonuse of statins, body-mass index, smoking status, systolic blood pressure, serum choles-
terol level, top neck diameter (aortic diameter at the lowest renal artery), neck length (distance from the lowest renal artery to the start of 
the aneurysm expansion), and common iliac diameter (log maximum for both legs). A total of 91 patients were excluded from the follow-up 
analysis because of missing data.

† P values have been adjusted for baseline covariates.

Copyright © 2010 Massachusetts Medical Society. All rights reserved. 
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Discussion

The results over a median follow-up period of  
6 years confirm our previously published midterm 
findings that operative mortality associated with 
endovascular repair of abdominal aortic aneu-
rysm was only a third of that associated with the 
open-repair procedure and that aneurysm-related 
mortality was reduced during the early years af-
ter endovascular repair.11 However, the early ben-
efit was completely lost in the longer term, with 
substantially higher aneurysm-related mortality 
after 4 years in the endovascular-repair group 
than in the open-repair group. We found no sig-
nificant difference in total mortality between the 
two study groups. The rate of graft-related com-
plications after endovascular repair remained 
substantial after 4 years, as did the need for rein-
terventions. Secondary rupture after aneurysm re-
pair was reported only after endovascular repair 
and appeared to explain the long-term increase 
in aneurysm-related mortality. In contrast, open 
repair was very durable but was associated with 
higher operative mortality. These findings have 
implications for the selection of patients for en-
dovascular repair, the choices for patients, sur-
veillance after repair, and cost-effectiveness. The 
results also confirm that careful long-term follow-
up of surgical innovations is essential, as high-
lighted in recent research recommendations.14

After the postoperative period, just under half 
of all deaths were attributed to cardiovascular dis-
ease (including aneurysm), a slightly lower propor-
tion than that reported for the 4-year results,11 
which may reflect improvements in medical thera-
py.15 Just over one quarter of deaths were attrib-
uted to cancer. A total of 20 patients in the en-
dovascular-repair group and 6 patients in the 
open-repair group died from aneurysm-related 
causes after the postoperative period; 2 of the late 
deaths in the open-repair group were from graft 
ruptures in patients who had been assigned to 
open repair but had undergone endovascular re-
pair. In total, 25 secondary aneurysm ruptures 
were reported, and of those 18 (72.0%) were fa-
tal. Therefore, the loss of the aneurysm-related 
survival benefit in the endovascular-repair group 
would appear to be attributable principally to en-
dograft rupture. Many of the patients in whom 
such an event occurred had graft-related compli-
cations that were detected before rupture.

Very few of the patients in our study either did 

not undergo the assigned treatment or were lost 
to follow-up, and there were few missing data. 
Per-protocol analysis yielded results that were very 
similar to those of the intention-to-treat analysis. 
However, this study had some limitations that 
could affect the interpretation of our findings. 
First, although the trial used principally second- 
and third-generation endografts, subsequent itera-
tions of the grafts would now be the more com-
mon choices of device. The long-term durability 
of these later iterations of endografts has not 

Figure!2.!Kaplan–Meier!Estimates!for!the!Time!to!the!First!Graft-Related!
Complication!or!Reintervention!during!8!Years!of!Follow-up.

The rates of graft-related complications (Panel A) and reinterventions (Panel 
B) were higher among patients in the endovascular-repair group than among 
those in the open-repair group. New complications occurred throughout 
the 8-year follow-up period, contributing to the higher overall costs of the 
endovascular procedure.
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been evaluated, but it is hoped that they would be 
associated with lower complication rates. Second, 
the trial started 3 years before the standardized 
reporting of graft-related complications.16 Thus, 
the reporting of complications reflected the as-
sessments made by radiologists in the participat-
ing centers, and these reports were not evaluated 
in a core laboratory. Third, we did not record out-
patient procedures, which would have included 
minor procedures, such as diagnostic angiogra-
phy, that are often performed after endovascular 
repair to obtain more detailed information on 
any potential complications. A corresponding un-
derestimation of reintervention rates and costs 
may also have occurred for the open-repair group, 
since readmission data were not collected for ab-
dominal hernias or other complications related to 
open repair.

New graft-related complications and reinter-
ventions continued to be reported for as long as 
8 years after endovascular procedures were per-
formed. Future work should determine whether 
specific complications, or combinations of com-
plications, of endovascular repair may signal an 
increased risk of endograft rupture or death. The 
continuing occurrence of graft-related complica-
tions and reinterventions underscores the need for 
continued surveillance, and these clinical episodes 
contribute to the increase in the lifetime cost of 
aneurysm-related events after endovascular repair 
as compared with open repair. A streamlined post-
repair surveillance algorithm designed to mini-
mize the exposure of patients to radiation with-
out limiting the future detection and management 
of potentially dangerous complications of graft 
failure is likely to enhance cost-effectiveness. More 

detailed modeling is under way to assess wheth-
er endovascular repair is cost-effective for all pa-
tients or only for selected subgroups. Currently, 
patients strongly prefer endovascular repair to 
open repair.17,18 However, these preferences were 
declared on the basis of early and midterm evi-
dence alone. Although there is still an early mor-
tality reduction with endovascular repair, which 
is less invasive than open repair, it is difficult to 
predict what effect these late results will have on 
patients’ preferences or on the implications for 
cost-effectiveness, factors that will influence 
future clinical-management decisions and policy 
recommendations.

In conclusion, among patients who were con-
sidered to be suitable candidates for either endo-
vascular repair or open repair of abdominal aortic 
aneurysm, the endovascular procedure was as-
sociated with a significantly lower operative mor-
tality. However, no significant differences were 
seen in total mortality or aneurysm-related mor-
tality in the long term. Endovascular repair was 
associated with increased rates of complications 
and reinterventions and was more costly.
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Brown (trial manager). Statistical and Costs Analyses: L.C. Brown, D. Epstein, M.J. Sculpher, S.G. Thompson. Trial Management Committee: 
R.M. Greenhalgh (chair), J.D. Beard, M.J. Buxton, P.L. Harris, J.T. Powell, J.D.G. Rose, I.T. Russell, M.J. Sculpher, S.G. Thompson. 
Trial Steering Committee: R.J. Lilford (chair), P.R.F. Bell, R.M. Greenhalgh, S.C. Whitaker. Data Monitoring and Ethics Committee: P.A. Poole-
Wilson (chair), C.V. Ruckley, W.B. Campbell, M.R.E. Dean, M.S.T. Ruttley, E.C. Coles. End-Points Committee: J.T. Powell (chair), A. Hal-
liday, S. Gibbs. Data Audit: H.D. Dorricott. 

Regional Trial Investigators Committee (represented by one surgeon, radiologist, and coordinator per center; numbers in parentheses indi-
cate the number of patients entered into both the EVAR 1 and EVAR 2 trials): K. Varty, C. Cousins, Addenbrookes Hospital, Cambridge 
(10); R.J. Hannon, L. Johnston, Belfast City Hospital, Belfast (53); A.W. Bradbury, M.J. Henderson, Birmingham Heartlands Hospital, 
Birmingham (8); S.D. Parvin, D.F.C. Shepherd, Bournemouth General Hospital, Bournemouth (68); R.M. Greenhalgh, A.W. Mitchell, 
Charing Cross Hospital, London (27); P.R. Edwards, G.T. Abbott, Countess of Chester Hospital, Chester (15); D.J. Higman, A. Vohra, 
Coventry and Walsgrave Hospital, Coventry (8); S. Ashley, C. Robottom, Derriford Hospital, Plymouth (2); M.G. Wyatt, J.D.G. Rose, 
Freeman Hospital, Newcastle (121); D. Byrne, R. Edwards, Gartnavel General Hospital, Glasgow (12); D.P. Leiberman, D.H. McCarter, 
Glasgow Royal Infirmary, Glasgow (19); P.R. Taylor, J.F. Reidy, Guy’s and St. Thomas’ Hospital, London (124); A.R. Wilkinson, D.F. 
Ettles, Hull Royal Infirmary, Hull (29); A.E. Clason, G.L.S. Leen, James Cook University Hospital, Middlesborough (19); N.V. Wilson, 
M. Downes, Kent and Canterbury Hospital, Canterbury (1); S.R. Walker, J.M. Lavelle, Lancaster General Infirmary, Lancaster (12); M.J. 
Gough, S. McPherson, Leeds General Infirmary, Leeds (38); D.J.A. Scott, D.O. Kessell, Leeds St. James’s Hospital, Leeds (11); R. Naylor, 
R. Sayers, N.G. Fishwick, Leicester Royal Infirmary, Leicester (148); P.L. Harris, D.A. Gould, Liverpool Royal Hospital, Liverpool (143); 
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M.G. Walker, N.C. Chalmers, Manchester Royal Infirmary, Manchester (96); A. Garnham, M.A. Collins, New Cross Hospital, Wolver-
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(1); M. Sobeh, M. Matson, Royal London Hospital, London (7); A.D. Fox, R. Orme, Royal Shrewsbury Hospital, Shrewsbury (7); W. 
Yusef, T. Doyle, Royal Sussex County Hospital, Brighton (6); M. Horrocks, J. Hardman, Royal United Hospital, Bath (34); P.H.B. Blair, 
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(54); M. Adiseshiah, J.A.S. Brookes, University College Hospital, London (69); C.N. McCollum, R. Ashleigh, University Hospital of 
South Manchester, Manchester (127); Trial Coordinators: M. Aukett, S. Baker, E. Barbe, N. Batson, J. Bell, J. Blundell, D. Boardley, S. 
Boyes, O. Brown, J. Bryce, M. Carmichael, T. Chance, J. Coleman, C. Cosgrove, G. Curran, T. Dennison, C. Devine, N. Dewhirst, B. 
Errington, H. Farrell, C. Fisher, P. Fulford, M. Gough, C. Graham, R. Hooper, G. Horne, L. Horrocks, B. Hughes, T. Hutchings, M. 
Ireland, C. Judge, L. Kelly, J. Kemp, A. Kite, M. Kivela, M. Lapworth, C. Lee, L. Linekar, A. Mahmood, L. March, J. Martin, N. Matharu, 
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A bs tr ac t

Background
Endovascular repair of abdominal aortic aneurysm was originally developed for 
patients who were considered to be physically ineligible for open surgical repair. 
Data are lacking on the question of whether endovascular repair reduces the rate of 
death among these patients.

Methods
From 1999 through 2004 at 33 hospitals in the United Kingdom, we randomly as-
signed 404 patients with large abdominal aortic aneurysms (!5.5 cm in diameter) 
who were considered to be physically ineligible for open repair to undergo either 
endovascular repair or no repair; 197 patients were assigned to undergo endovascular 
repair, and 207 were assigned to have no intervention. Patients were followed for rates 
of death, graft-related complications and reinterventions, and costs until the end of 
2009. Cox regression was used to compare outcomes in the two groups.

Results
The 30-day operative mortality was 7.3% in the endovascular-repair group. The overall 
rate of aneurysm rupture in the no-intervention group was 12.4 (95% confidence in-
terval [CI], 9.6 to 16.2) per 100 person-years. Aneurysm-related mortality was lower 
in the endovascular-repair group (adjusted hazard ratio, 0.53; 95% CI, 0.32 to 0.89; 
P = 0.02). This advantage did not result in any benefit in terms of total mortality (ad-
justed hazard ratio, 0.99; 95% CI, 0.78 to 1.27; P = 0.97). A total of 48% of patients who 
survived endovascular repair had graft-related complications, and 27% required rein-
tervention within the first 6 years. During 8 years of follow-up, endovascular repair 
was considerably more expensive than no repair (cost difference, £9,826 [U.S. $14,867]; 
95% CI, 7,638 to 12,013 [11,556 to 18,176]).

Conclusions
In this randomized trial involving patients who were physically ineligible for open 
repair, endovascular repair of abdominal aortic aneurysm was associated with a 
significantly lower rate of aneurysm-related mortality than no repair. However, 
endovascular repair was not associated with a reduction in the rate of death from 
any cause. The rates of graft-related complications and reinterventions were high-
er with endovascular repair, and it was more costly. (Current Controlled Trials 
number, ISRCTN55703451.)
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Endovascular repair of abdominal 
aortic aneurysm was originally developed 
for patients who were considered to be 

physically ineligible for open surgical repair,1 
since it was thought that life expectancy would 
be prolonged by eliminating the risk of fatal rup-
ture of an aneurysm. We designed the United 
Kingdom Endovascular Aneurysm Repair 2 (EVAR 
2) trial to test this hypothesis.2 The midterm re-
sults of the trial, reported in 2005, showed no 
benefit of endovascular repair on total or aneu-
rysm-related mortality in up to 4 years of follow-
up.3 One factor underlying this unexpected result 
was an operative mortality rate that was higher 
than anticipated (9%). Other studies have also 
shown a high operative mortality rate for endo-
vascular repair among patients considered to be 
physically ineligible for open repair.4,5 In addi-
tion, our midterm analysis showed high total 
mortality (68% at 4 years).

Another contributing factor in the unexpected 
outcome of EVAR 2 was a rate of rupture of large, 
untreated aneurysms that was lower than antici-
pated (9 ruptures per 100 person-years). Subse-
quent analysis has suggested that the rate of aneu-
rysm rupture appears to be lower among patients 
with an aortic anatomy that is suitable for endovas-
cular repair (in particular, a long aneurysm neck) 
and that the use of statins may have further at-
tenuated the rate of aneurysm rupture.6 Neverthe-
less, since progressive enlargement is the natural 
history of large aneurysms, the benefits of endo-
vascular repair may take longer than 4 years to 
become apparent. We now report the long-term 
follow-up of patients enrolled in the EVAR 2 trial.

Me thods

Trial Design
The methods that we used in this trial have been 
published previously2,3 and are described in detail 
in the Supplementary Appendix (available with the 
full text of this article at NEJM.org). In summary, 
EVAR 2 was a randomized trial designed by the 
principal investigator in consultation with the grant 
applicants, the members of the trial-management 
and steering committees, and the trial manager. 
The trial was sponsored by the Health Technology 
Assessment Programme of the National Institute 
for Health Research in the United Kingdom. No 
support was provided by pharmaceutical or med-
ical-device companies. Full approval of the trial 

was granted by the United Kingdom’s North West 
Multicentre Research Ethics Committee.

The trial was conducted at 33 hospitals that 
met the criteria for participation in the trial (for 
details, see the Supplementary Appendix). Trained 
local coordinators were responsible for recruit-
ment of patients, data collection, and follow-up.

Trial Procedures
Patients of both sexes who were at least 60 years 
of age with an abdominal aortic aneurysm mea-
suring at least 5.5 cm in diameter on computed 
tomography (CT) were evaluated for trial partici-
pation. Patients who were considered to be phys-
ically ineligible for open repair but who were 
candidates for endovascular repair were offered 
enrollment in the EVAR 2 trial (see the Supple-
mentary Appendix for details regarding the eval-
uation of candidates). Patients who were consid-
ered to be suitable candidates for either procedure 
were offered enrollment in the Endovascular An-
eurysm Repair 1 (EVAR 1) trial, reported else-
where in this issue of the Journal.7 All patients 
provided written informed consent.

The patients in EVAR 2 were randomly as-
signed to undergo endovascular aneurysm repair 
or to have no intervention. Patients in the endo-
vascular-repair group were encouraged to under-
go repair within 1 month after randomization, 
though this scheduling was not always possible 
for logistic or other reasons. CT was performed 
at 1 and 3 months in patients undergoing endo-
vascular repair and annually in all patients in 
the two study groups. The primary outcome was 
death from any cause, but aneurysm-related death 
was also assessed, as were graft-related compli-
cations and graft-related reinterventions. (Full 
definitions of the trial end points are available 
in the Supplementary Appendix.) An independent 
end-points committee whose members were un-
aware of study-group assignments reviewed all 
mortality outcome events. The methods that we 
used to assess the completeness of data for all 
outcomes and to account for loss to follow-up are 
described in the Supplementary Appendix.

Statistical Analysis
All analyses were performed according to a pre-
defined statistical-analysis plan with the use of 
Stata statistical software, version 10. All analyses 
were based on the intention-to-treat principle, 
with outcomes assessed from the time of ran-
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domization. Cox-regression analysis was used to 
compare total mortality and aneurysm-related 
mortality (with data censored for deaths due to 
causes other than aneurysm) between the study 
groups in the EVAR 2 trial and to compare the 
rates of graft-related complications and reinter-
ventions (in both cases with data censored for 
deaths) between the endovascular-repair groups 
in EVAR 2 and EVAR 1.7 Unadjusted hazard ratios 
were calculated as well as hazard ratios adjusted 
for baseline covariates (see the Supplementary Ap-
pendix). Hazard ratios were calculated for total 
follow-up and for three predefined time periods: 
randomization to 6 months, more than 6 months 
to 4 years, and after 4 years.

Kaplan–Meier estimates were used to present 
results for 8 years of follow-up, but 6-year esti-
mates are reported because of the high attrition 
after this time. An overall rate of aneurysm rup-
ture was estimated in the no-intervention group 
after the censoring of data for patients who died 
from a cause other than aneurysm rupture or who 
underwent elective aneurysm repair. A per-proto-
col analysis excluded patients at the time of pro-
tocol deviation. (Additional information on the 
statistical methods that we used, including de-
tails of the per-protocol classification, assessment 
of the proportional-hazards assumption, interac-
tion testing, and assessment of costs, is provided 
in the Supplementary Appendix.)

R esult s

Patients
Between September 1, 1999, and August 31, 2004, 
we recruited 404 patients to participate in EVAR 2. 
This overall group consisted of the 338 patients 
included in the planned midterm analysis that was 
reported in 20053 and an additional 66 patients 
who were enrolled between January 2004 and Au-
gust 2004, who were not included in the midterm 
analysis (Fig. 1 in the Supplementary Appendix). A 
total of 197 patients were randomly assigned to 
the endovascular-repair group, and 207 were as-
signed to the no-intervention group. There were 
no significant differences between the two study 
groups with respect to baseline characteristics 
(Table 1). The mean (±SD) age was 76.8±6.5 years, 
and 347 of the patients (86%) were men. The mean 
aneurysm diameter was 6.7±1.0 cm.

Patients were followed until September 1, 2009 
(minimum, 5 years; maximum, 10 years). The 

median follow-up until death or the end of the 
study was 3.1 years (interquartile range, 1.3 to 
5.4), and less than 1% of patients were lost to 
follow-up in terms of mortality. During the study 
period, 249 aneurysm-repair procedures were ac-
tually performed, including 10 emergency proce-
dures (Fig. 1 in the Supplementary Appendix). For 
the 179 patients in the endovascular-repair group 
who underwent aneurysm repair, the median time 
from randomization to surgery was 55 days (inter-
quartile range, 38 to 77), and for the 70 patients 
in the no-intervention group who underwent re-
pair, the median time from randomization to sur-
gery was 244 days (interquartile range, 83 to 643).

Of the 18 patients in the endovascular-repair 
group who did not undergo aneurysm repair, 7 
died within 6 months after randomization (2 as a 
result of rupture), 8 became physically ineligible or 
anatomically unsuitable for endovascular re-
pair, 1 declined aneurysm repair, and 2 had an 
unknown reason. Of the 70 patients in the no-
intervention group who underwent repair, 64 
underwent elective procedures for the following 
reasons: 14 had aneurysms that became tender 
on examination, 8 had aneurysms that grew 
quickly, 1 had symptoms, 1 was incorrectly en-
rolled in trial 2 rather than trial 1, 24 declined 
surveillance, and 16 had an unknown reason. By 
September 2009, a total of 99 patients remained 
alive; 14 of these patients had not undergone 
aneurysm repair.

operative mortality
Among the 179 patients in the endovascular-repair 
group who underwent aneurysm repair, 13 patients 
(7.3%) died within 30 days after the procedure, and 
15 patients died in the hospital (8.4%); among the 
175 patients who underwent elective repair, 10 
(5.7%) died within 30 days after the procedure, and 
11 (6.3%) died in the hospital. In the no-interven-
tion group, among the 70 patients who underwent 
aneurysm repair, 2 patients (3%) died within 30 
days after the procedure, and 3 patients died in the 
hospital (4.3%); among the 64 patients who under-
went elective repair, 1 patient (2%) died within 30 
days after the procedure, and 2 patients (3%) died 
in the hospital.

Total and Aneurysm-Related Mortality
During 1413 person-years of follow-up, 305 deaths 
occurred, 78 of which were aneurysm-related (Ta-
ble 2). The overall total mortality was 21.0 deaths 
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per 100 person-years in the endovascular-repair 
group and 22.1 deaths per 100 person-years in the 
no-intervention group (adjusted hazard ratio 
with endovascular repair, 0.99; 95% confidence 
interval [CI], 0.78 to 1.27; P = 0.97). The overall 
aneurysm-related mortality was 3.6 deaths per 
100 person-years in the endovascular-repair group 
and 7.3 deaths per 100 person-years in the no-
intervention group (adjusted hazard ratio, 0.53; 
95% CI, 0.32 to 0.89; P = 0.02).

There was evidence of deviation from the 
proportional-hazards assumption for aneurysm-
related mortality (P<0.001), with a nonsignificant 
increase in aneurysm-related deaths in the endo-

vascular-repair group during the first 6 months 
(adjusted hazard ratio, 1.78), reflecting operative 
deaths. This increase was counterbalanced by a 
decrease in aneurysm-related deaths in the same 
group after 6 months (adjusted hazard ratio for 
the period from randomization to 4 years, 0.26) 
(Table 2). There was no significant evidence of 
deviation from the proportional-hazards assump-
tion for total mortality (P = 0.07). Kaplan–Meier 
curves for total and aneurysm-related mortality 
are shown in Figure 1.

Causes of death, stratified according to the 
time of death relative to the time of randomiza-
tion, are listed in Table 2 in the Supplementary 

Table!1.!Baseline!Characteristics!of!the!Patients.*

Characteristic
Endovascular!Repair

(N!=!197)
No!Repair
(N!=!207)

Age — yr 77.2±6.3 76.4±6.7

Male sex — no. (%) 168 (85.3) 179 (86.5)

Diameter of abdominal aortic aneurysm — cm 6.8±1.0 6.7±1.0

Body-mass index (196 and 206 patients)† 26.4±5.0 26.5±4.4

Diabetes (195 and 205 patients) — no. (%) 30 (15.4) 29 (14.1)

Smoking status — no. (%)

Current smoker 33 (16.8) 37 (17.9)

Former smoker 152 (77.2) 156 (75.4)

Never smoked 12 (6.1) 14 (6.8)

History of cardiac disease — no. (%)‡ 132 (67.0) 153 (73.9)

Blood pressure — mm Hg

Systolic 140±20 139±23

Diastolic (197 and 204 patients) 79±12 79±12

Ankle–brachial pressure index (187 and 199 patients)§ 0.99±0.20 0.98±0.19

Forced expiratory volume in 1 second (190 and 203 patients) — liters 1.6±0.6 1.7±0.7

Serum creatinine (197 and 205 patients) — µmol/liter

Median 107 112

Interquartile range 90–134 94–140

Serum cholesterol (184 and 200 patients) — mmol/liter 4.8±1.2 4.8±1.1

Statin use (196 and 207 patients) — no. (%)  82 (41.8)  86 (41.5)

Aspirin use (196 and 207 patients) — no. (%) 114 (58.2) 114 (55.1)

* Data were available for all patients except for characteristics where numbers in the endovascular-repair group and the 
no-repair group, respectively, are shown. Plus–minus values are means ±SD. To convert the values for creatinine to 
milligrams per deciliter, divide by 88.4. To convert the values for cholesterol to milligrams per deciliter, divide by 
0.02586.

† The body-mass index is the weight in kilograms divided by the square of the height in meters.
‡ Cardiac disease was defined as any of the following: myocardial infarction, angina, cardiac revascularization, cardiac-

valve disease, clinically significant arrhythmia, and uncontrolled congestive heart failure.
§ The ankle–brachial pressure index is the ratio of the blood pressure in the lower legs to the blood pressure in the arms; 

the mean for both legs is shown.
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Appendix. A total of 68 ruptures, 63 of which 
were fatal, occurred in both study groups. A to-
tal of 55 ruptures occurred in the no-interven-
tion group, for an unadjusted rupture rate of 
12.4 ruptures (95% CI, 9.6 to 16.2) per 100 per-
son-years.

Sensitivity analyses that included patients with 
missing baseline adjustment covariates produced 
results that were almost identical to the results 
of analyses that included only patients with com-
plete data. There was no evidence of significant 
interactions between the study group and age, 
sex, or aneurysm diameter for either aneurysm-
related mortality or total mortality (P>0.10 for 
all comparisons). In the per-protocol analyses 
(Fig. 2), overall rates of death from any cause 
were 21.1 deaths per 100 person-years in the 
endovascular-repair group and 27.6 deaths per 
100 person-years in the no-intervention group 
(adjusted hazard ratio, 0.82; 95% CI, 0.63 to 1.07; 
P = 0.14). The overall aneurysm-related mortality 
was 3.7 deaths per 100 person-years in the endo-
vascular-repair group and 10.9 deaths per 100 
person-years in the no-intervention group (ad-
justed hazard ratio, 0.41; 95% CI, 0.24 to 0.69; 
P = 0.001).

Graft-Related Complications  
and Reinterventions

During 1084 person-years of follow-up, 158 graft 
complications were reported in 97 patients, with 
1 complication in 52 patients, 2 complications in 
33 patients, 3 complications in 8 patients, and  
4 complications in 4 patients (Table 3 in the Sup-
plementary Appendix). Graft rupture occurred in 
two patients after the placement of an endograft 
(one patient underwent insertion of a stent on an 
emergency basis and survived, and the other un-
derwent attempted conversion to open repair but 
died). Conversions to open repair occurred for 
other reasons in an additional two patients, and 
both survived. A total of 66 graft-related reinter-
ventions were performed in 55 patients, with 1 re-
intervention in 48 patients, 2 reinterventions in 
3 patients, and 3 reinterventions in 4 patients.

The rates of graft-related events did not differ 
significantly between the endovascular-repair 
groups in EVAR 1 and EVAR 2, despite the consid-
erable disparity in fitness between the two trial 
cohorts (Fig. 3A). The unadjusted hazard ratio for 
complications (with endovascular repair in trial 2 
as compared with endovascular repair in trial 1) 
was 1.02 (95% CI, 0.79 to 1.32; P = 0.87). The unad-

Table!2.!Deaths!from!Any!Cause!and!from!Aneurysm-Related!Causes,!According!to!Time!since!Randomization.

Outcome
Endovascular!Repair

(N!=!197)
No!Repair
(N!=!207) Hazard!Ratio!(95%!CI) P!Value†

Unadjusted Adjusted*
no./total no. (rate/100 person-yr)

Death!from!any!cause

All patients 145/197 (21.0) 160/207 (22.1) 0.95 (0.76–1.19) 0.99 (0.78–1.27) 0.97

Time since randomization

 0–6 mo 24/197 (26.0) 19/207 (19.0) 1.38 (0.76–2.52) 1.32 (0.68–2.54) 0.41

>6 mo–4 yr 92/173 (21.4) 108/188 (23.6) 0.90 (0.69–1.20) 1.02 (0.75–1.37) 0.92

>4 yr 29/81 (17.3) 33/80 (20.0) 0.86 (0.52–1.42) 0.72 (0.42–1.24) 0.24

Aneurysm-related!death

All patients 25/197 (3.6) 53/207 (7.3) 0.50 (0.31–0.81) 0.53 (0.32–0.89) 0.02

Time since randomization

0–6 mo 15/197 (16.3) 9/207 (9.0) 1.82 (0.80–4.16) 1.78 (0.75–4.21) 0.19

>6 mo–4 yr 10/173 (2.3) 35/188 (7.6) 0.31 (0.15–0.62) 0.34 (0.16–0.72) 0.005

>4 yr 0/81 9/80 (5.5) 0 NC NC

* Hazard ratios have been adjusted for baseline age, sex, diameter of abdominal aortic aneurysm, forced expiratory volume in 1 second, serum 
creatinine level (log transformed), use or nonuse of statins, body-mass index, smoking status, systolic blood pressure, and serum cholesterol level. 
A total of 34 patients were excluded from the follow-up analysis because of missing baseline data. NC denotes data that could not be calculated.

† P values have been adjusted for baseline covariates.

Copyright © 2010 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org by JOHN VOGEL MD on May 19, 2010 . 



Endovascular Repair of Aortic Aneurysm

n engl j med 362;20 nejm.org may 20, 2010 1877

justed hazard ratio for reinterventions was 1.20 
(95% CI, 0.85 to 1.70; P = 0.31).

Costs
Detailed costs for aneurysm-related procedures 
are provided in Table 4 in the Supplementary Ap-
pendix. The mean cost of the primary aneurysm 
repair was £13,301 (U.S. $20,124) in the endovas-
cular-repair group. In the no-intervention group, 
fewer patients actually underwent repair; the mean 
cost in this group was thus lower, at £4,467 
($6,759) (mean difference, £8,834 [$13,366]; 95% 
CI, 7,068 to 10,599 [10,802 to 16,127]). The mean 
cost of aneurysm-related readmissions was £1,694 
($2,563) in the endovascular-repair group and 
£702 ($1,062) in the no-intervention group. Dur-
ing 8 years of follow-up, the total average cost 
of aneurysm-related procedures was £14,995 
($22,687) in the endovascular-repair group and 
£5,169 ($7,821) in the no-intervention group (cost 
difference, £9,826 [$14,867]; 95% CI, 7,638 to 
12,013 [11,556 to 18,176]). Most of the cost dif-
ference was attributed to the primary aneurysm-
repair procedure itself.

Discussion

In 2005, when the midterm results of the EVAR 2 
trial were reported, they offered little support for 
endovascular repair of abdominal aortic aneu-
rysms in patients considered to be physically in-
eligible for open surgical repair. With longer 
follow-up, we found a benefit of endovascular re-
pair in terms of aneurysm-related mortality. 
However, these patients had a limited life expec-
tancy, regardless of whether the aneurysm was 
repaired or no intervention was performed, with 
few surviving after 8 years.

The operative mortality after endovascular 
repair in EVAR 2 (7.3%) was considerably higher 
than that reported among the patients in EVAR 1 
(1.8%).7 The midterm results of EVAR 23 showed 
a slightly higher operative mortality, at 8.7%, 
which appears to have been attenuated with the 
recruitment of an additional 66 patients. The rate 
of statin use increased during the course of the 
EVAR 2 trial (from 39.5% before December 2003 
to 53.0% afterward); this may have reduced the 
operative rate of death.8,9 Other improvements 
in clinical practice and efforts to optimize fit-
ness may have been implemented.10 Another 
analysis of EVAR 2 data suggested that the rate 

 

Figure!1.!Kaplan–Meier!Estimates!for!Total!and!Aneurysm-Related!Survival!
at!8!Years,!According!to!Study!Group.

Survival curves are shown for patients with abdominal aortic aneurysm who 
were randomly assigned to the endovascular-repair group and for those as-
signed to the no-intervention group. Kaplan–Meier estimates were used to 
present results for 8 years of follow-up, but estimates for 6 years are shown 
because of the high attrition after this time.

 

Figure!2.!Kaplan–Meier!Estimates!for!Per-Protocol!Analysis!of!Total!!
and!Aneurysm-Related!Survival,!According!to!Study!Group.

Survival curves are shown for patients with abdominal aortic aneurysm 
who were treated according to trial protocol in the endovascular-repair group 
and the no-intervention group.
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of cardiovascular events (myocardial infarctions 
and strokes) was higher in the endovascular-
repair group than in the no-intervention group, 
although this difference was not statistically sig-
nificant.11 Thus, the previous recommendation3 
that optimization of fitness for intervention 
should be given priority over placement of an 
endovascular graft remains valid.

In this longer-term study, placement of an en-
dovascular graft led to a significant reduction in 
aneurysm-related mortality, primarily through 

prevention of late aneurysm rupture. The rupture 
rate of 12.4 per 100 person-years in the no-inter-
vention group is somewhat lower than the rates 
in other cohorts of patients with large aneurysms 
who were considered to be physically ineligible 
for open surgical repair,12,13 but it remains high, 
and the danger of large aneurysms should not be 
downplayed. Previous studies have suggested that 
anatomical suitability may impart some protec-
tion against rupture.4 Also, the aneurysm repairs 
that were performed against protocol may have 
led to a reduced number of ruptures; thus, the 
rupture rate in our study may not reflect the true 
natural history of large aneurysms if they are left 
untreated in the long term.

Although endovascular repair reduced the rate 
of aneurysm rupture, it did not lead to an improve-
ment in overall survival. The factors leading to 
the judgment that these patients were physically 
ineligible for open repair (primarily because of 
cardiovascular disease, as noted in Table 1 in the 
Supplementary Appendix) seem likely to have 
contributed to a high subsequent rate of death 
from any cause; this rate was not influenced by 
assignment to endovascular repair. Thus, on the 
basis of these data, a decision to perform endo-
vascular repair when open surgical repair is 
deemed inadvisable should presumably balance 
the risk of the intervention itself against the risk 
of aneurysm rupture, with the expectation that 
survival would probably be unaffected.

During the course of the trial, a substantial 
minority of patients in the no-intervention group 
and their physicians opted in favor of repair, 
resulting in a loss of equipoise. A post hoc 
analysis comparing baseline fitness in the pa-
tients who crossed over to endovascular repair 
with patients assigned to endovascular repair 
who underwent repair showed that the patients 
who crossed over were significantly more fit 
(details are available in the Supplementary Ap-
pendix). Per-protocol analyses showed a greater 
benefit of endovascular repair in terms of aneu-
rysm-related mortality. A nonsignificant benefit 
with respect to total mortality was also shown. 
However, the interpretation of these data is 
problematic, since the analyses were not per-
formed according to study group and therefore 
were potentially biased. Regardless of these con-
siderations, the rate of crossover in the trial 
suggests that it may prove difficult to withhold 
endovascular repair in the future.

Figure!3.!Kaplan–Meier!Estimates!for!the!Time!to!the!First!Graft-Related!
Complication!or!Reintervention.

The time to the first graft-related complication (Panel A) and the time to 
the first reintervention (Panel B) are shown for the 626 patients assigned  
to undergo endovascular repair in the EVAR 1 trial and the 197 patients as-
signed to undergo endovascular repair in the EVAR 2 trial. Kaplan–Meier 
estimates were used to present results for 8 years of follow-up, but esti-
mates for 6 years of follow-up are shown because of the high attrition after 
this time.
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Graft-related complications and reinterven-
tions were common after endovascular repair, 
but they were not associated with increased mor-
tality. Very few procedure-related deaths oc-
curred 6 or more months after the primary 
procedure. Despite gross differences in the fit-
ness of patients and overall mortality between 
the EVAR 1 and EVAR 2 cohorts, the rates of 
complications and reinterventions were remark-
ably similar; suitability for open repair, as deter-
mined by an anesthesiologist, appears to be of 
little relevance in the development of subsequent 
graft-related events. Other studies investigating 
baseline factors that might be associated with 
serious graft-related complications and reinter-
ventions after endovascular aneurysm repair 
have shown that older age and a larger aneurysm 
diameter appear to be strongly influential.14 
However, differences in these factors between 
EVAR 1 and EVAR 2 did not lead to different 
rates of graft-related events. This finding may be 

explained in part by the attrition due to high 
mortality in EVAR 2, leaving less time for graft-
related complications to develop. This attrition 
may also explain why only two endovascular-
graft ruptures occurred in EVAR 2, as compared 
with 25 ruptures in EVAR 1.

In conclusion, the EVAR 2 trial showed that 
in patients with abdominal aortic aneurysm who 
were considered to be physically ineligible for open 
surgical repair, endovascular repair, as compared 
with no intervention, was associated with a sig-
nificantly lower rate of aneurysm-related mor-
tality in the long term, but with no reduction in 
total mortality. Endovascular repair was consid-
erably more expensive than no intervention.
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