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Two randomized trials have shown better outcomes with elective endovascular repair
of abdominal aortic aneurysms than with conventional open repair in the first month
after the procedure. We investigated whether this advantage is sustained beyond the
perioperative period.
methods

We conducted a multicenter, randomized trial comparing open repair with endovascular
repair in 351 patients who had received a diagnosis of abdominal aortic aneurysm of at
least 5 cm in diameter and who were considered suitable candidates for both techniques.
Survival after randomization was calculated with the use of Kaplan–Meier analysis and
compared with the use of the log-rank test on an intention-to-treat-basis.
results

Two years after randomization, the cumulative survival rates were 89.6 percent for
open repair and 89.7 percent for endovascular repair (difference, ¡0.1 percentage point;
95 percent confidence interval, ¡6.8 to 6.7 percentage points). The cumulative rates of
aneurysm-related death were 5.7 percent for open repair and 2.1 percent for endovascular repair (difference, 3.7 percentage points; 95 percent confidence interval, ¡0.5 to 7.9
percentage points). This advantage of endovascular repair over open repair was entirely accounted for by events occurring in the perioperative period, with no significant difference in subsequent aneurysm-related mortality. The rate of survival free of moderate
or severe complications was also similar in the two groups at two years (at 65.9 percent
for open repair and 65.6 percent for endovascular repair; difference, 0.3 percentage
point; 95 percent confidence interval, ¡10.0 to 10.6 percentage points).
conclusions

The perioperative survival advantage with endovascular repair as compared with open
repair is not sustained after the first postoperative year.
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t

wo randomized trials have demonstrated better outcomes with elective
endovascular repair of abdominal aortic
aneurysms than with conventional open repair in
the first month after the procedure.1,2 The reported
in-hospital mortality rates in these two trials were
4.6 percent and 6.0 percent for open repair and 1.6
percent and 1.2 percent for endovascular repair, respectively. Although the relevance of a reduction in
perioperative risk should not be underestimated
from the patient’s perspective, the improvement
in early survival with the use of a less invasive technique is not surprising.3 Consequently, both reports
stressed the need for longer-term data before a decision could be reached about which therapy is better in patients who are suitable candidates for either
procedure.
Findings in uncontrolled long-term studies of
endovascular aneurysm repair have suggested that
the early advantage of endovascular over open repair
may not persist over time.4,5 Endovascular repair
appeared to be associated with higher rates of reintervention and complications as well as a continued risk of aneurysm rupture. The Dutch Randomized Endovascular Aneurysm Management
(DREAM) trial was conducted to assess the rates of
death from any cause and complications in a multicenter, randomized trial comparing elective open
and endovascular aneurysm repair.

methods
study design and patients

The design and methods of the trial have been described in detail elsewhere.2,6 In brief, patients referred to surgery clinics at 26 centers in the Netherlands and 4 centers in Belgium who had received a
diagnosis of an abdominal aortic aneurysm of at
least 5 cm in diameter and who were considered
suitable candidates for both techniques were randomly assigned to undergo open or endovascular
repair after giving written informed consent. Randomization was carried out centrally with the use
of a computer-generated permuted-block sequence
and stratified according to study center in blocks of
four patients.
The study was performed according to the principles of the Declaration of Helsinki. The institutional review boards of all participating hospitals
approved the protocol. The corresponding author
assumed full responsibility for the conduct of the
trial, had full access to all the data, and controlled
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the decision to publish. The study was publicly
funded, and the sponsor had no role in the study
design.
data collection and follow-up

All data were submitted to the trial-coordination
center (Julius Center for Health Sciences and Primary Care, University Medical Center, Utrecht,
the Netherlands). Follow-up visits were scheduled
30 days and 6, 12, 18, and 24 months after the
procedure. Before hospital discharge and at each
follow-up visit, all patients underwent a physical
examination, which included calculation of the
ankle–brachial blood-pressure index; abdominal
helical computed tomographic angiography; and
abdominal color duplex ultrasonography. In addition, patients in the endovascular group underwent
plain abdominal radiography before hospital discharge and 12 and 24 months postoperatively.
Data acquisition was stopped on March 1, 2005,
for this report. For all analyses, data on patients
were censored after their last follow-up visit. For
the crude survival analysis, however, reports on
vital status obtained at any time before the cutoff
date were also incorporated.
end points

The primary end point of the trial was a composite
of operative mortality and moderate or severe complications, as discussed in the initial report on the
results of the trial.2 Mortality and complications at
two years were predetermined secondary end points
in the original trial design. The outcome events that
we analyzed were deaths from all causes, aneurysmrelated deaths, complications, and reinterventions.
The cause and exact date of death were determined by assessment of death certificates and by
contacting the physicians involved (surgeons and
general practitioners) and patients’ relatives if necessary. Aneurysm-related death was defined as death
resulting from aneurysm rupture, graft infection,
or thrombosis; any death occurring within 30 days
after the original procedure or a reintervention; or
any death occurring more than 30 days after the
original procedure or a reintervention but during
the same admission.
Complications were classified and graded according to the reporting standards of the Ad Hoc
Committee for Standardized Reporting Practices
in Vascular Surgery of the Society for Vascular Surgery/International Society for Cardiovascular Surgery.7,8 Three severity grades (mild, moderate, and
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severe) were distinguished. Mild complications
were not considered in this analysis. A reintervention was defined as any surgical or endovascular
procedure performed after the primary aneurysmrepair procedure and related to the aneurysm or
the primary procedure, including incisional hernia repairs but exclusive of procedures involving
superficial wound complications. An outcome

Table 1. Baseline Characteristics of the Patients.*

Characteristic

Open
Repair
(N=178)

Endovascular
Repair
(N=173)

Age — yr

69.6±6.8

70.7±6.6

Male sex — no. (%)

161 (90.4)

161 (93.1)

Mild, moderate, or severe SVS/ISCVS
risk-factor score — %†
Diabetes mellitus

9.6

10.4

Tobacco use

55.1

64.2

Hypertension

54.5

58.4

Hyperlipidemia

52.6

47.0

Carotid artery disease

15.2

14.5

Cardiac disease

46.6

41.0

8.4

7.5

Renal disease
Pulmonary disease
Total SVS/ISCVS risk-factor score†

18.5

27.7

4.5±2.5

4.4±2.5

FEV1 — liters/sec

2.6±0.7

2.5±0.7

Body-mass index

26.6±4.1

26.3±3.4

44 (24.7)

37 (21.4)

110 (61.8)

122 (70.5)

24 (13.5)

14 (8.1)

Beta-blockers

92 (51.7)

76 (43.9)

Statins‡

72 (41.9)

63 (37.3)

Antiplatelet agents

72 (40.4)

70 (40.5)

Angiotensin-converting–enzyme inhibitors

50 (28.1)

58 (33.5)

Calcium-channel blockers

32 (18.0)

30 (17.3)

Anticoagulants

27 (15.2)

20 (11.6)

II (mild systemic disease)
III (severe systemic disease)

* Plus–minus values are means ±SD. There were no significant differences between the groups. FEV1 denotes forced expiratory volume in one second, and
ASA American Society of Anesthesiologists. The body-mass index is the weight
in kilograms divided by the square of the height in meters. Because of rounding, not all percentages total 100.
† The Society for Vascular Surgery/International Society for Cardiovascular Surgery (SVS/ISCVS) risk-factor score is calculated for eight domains, and scores
for each domain can range from 0 (no risk factors) to 3 (severe risk factors).7
Total scores can range from 0 to 24, with higher scores indicating greater risk.
‡ No information on the use of statins was available for six patients in the openrepair group and four patients in the endovascular-repair group.
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adjudication committee, consisting of five vascular surgeons, assessed the type and severity of
each complication and reintervention in a blinded
fashion and independently from each other. Disagreements were resolved in a plenary consensus
meeting.
statistical analysis

All data were analyzed according to the intentionto-treat principle. Kaplan–Meier analysis was used
to analyze survival and other end points, and differences between groups were compared with the use
of the log-rank test. Cox proportional-hazards regression was used to estimate hazard ratios for the
analysis of reintervention rates. Means (±SD) were
used to describe continuous variables. Differences
between groups were compared with the use of the
Mann–Whitney U test for continuous variables and
Fisher’s exact test for proportions. All reported
P values are two-sided and are not adjusted for
multiple testing.

characteristics of the patients
and treatment assignments

Medication use — no. (%)

2400
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results

ASA class — no. (%)
I (healthy status)

of

Between November 2000 and December 2003,
178 patients were randomly assigned to undergo
open repair and 173 to undergo endovascular repair.
Six patients did not undergo aneurysm repair after
randomization: four declined treatment (three assigned to open repair and one to endovascular repair), one died from a ruptured abdominal aortic
aneurysm before undergoing open repair, and one
died from pneumonia before undergoing endovascular repair. There were six crossovers: five patients
who were randomly assigned to undergo open repair underwent endovascular repair, and one patient assigned to endovascular repair underwent
open repair. Overall, the operation was started according to the randomized assignment in 96.6 percent of patients (339 of 351).
The baseline characteristics of the patients are
given in Table 1. Demographic characteristics, the
prevalence of coexisting conditions, cardiovascularrisk profiles, the distribution of American Society
of Anesthesiologists risk classes, and medication
use were similar in the two groups.
The median interval between randomization and
the procedure was 39 days in both the open-repair
group (range, 4 to 260) and the endovascularrepair group (range, 1 to 183; P=0.76); 92.6 percent
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of patients (325 of 351) underwent aneurysm repair within 3 months after randomization. The
mean duration of follow-up was 21 months in the
open-repair group (range, 0 to 39) and 22 months
in the endovascular-repair group (range, 1 to 42).
A total of 6 patients were lost to follow-up during
the first year (follow-up 98.3 percent complete) and
19 during the first two years (follow-up 94.6 percent
complete).

1.00

Probability of Survival

Endovascular repair
0.95
Open repair
0.90

0.85

mortality

Two years after randomization, the cumulative survival rates were 89.6 percent for open repair and
89.7 percent for endovascular repair, for a difference
of ¡0.1 percentage point (95 percent confidence
interval, ¡6.8 to 6.7 percentage points; P=0.86)
(Fig. 1). The small but apparent survival advantage
in the first year after endovascular repair did not
reach statistical significance (P=0.15) and appeared to be based entirely on a decreased rate of
in-hospital (perioperative) mortality.
There was one preoperative death and eight inhospital deaths in the open-repair group and one
preoperative and two in-hospital deaths in the endovascular-repair group (Table 2). Taking into account
the patients who declined treatment (three in the
open-repair group and one in the endovascularrepair group), there were 166 discharges after open
repair and 169 discharges after endovascular repair.
The causes of death are listed in Table 2. After discharge, there were more deaths from cardiovascular causes in the endovascular-repair group than in
the open-repair group (six vs. three), although this
difference was not significant (P=0.50).
There was an unexplained cluster of deaths in
the endovascular-repair group approximately one
year after randomization (Fig. 1). None of these
deaths were considered to be aneurysm-related as
defined in the Methods section; two of the deaths
were due to heart failure, one to acute cardiac arrest, one to stroke, and one to aspiration pneumonia in a patient with metastatic carcinoma of the
bladder.
aneurysm-related mortality

The cumulative rates of aneurysm-related death two
years after randomization were 5.7 percent in the
open-repair group and 2.1 percent in the endovascular-repair group, for a difference of 3.7 percentage points (95 percent confidence interval, ¡0.5 to
7.9 percentage points; P=0.05). The difference in
aneurysm-related mortality at two years was based
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Figure 1. Kaplan–Meier Estimates of Survival among Patients Assigned
to Undergo Open or Endovascular Aneurysm Repair.

entirely on the difference in in-hospital (perioperative) mortality. After discharge, only one additional
aneurysm-related death occurred in each group
(Table 2).
complications

Two years after randomization, the rates of survival
free of severe events were 80.6 percent for open
repair and 83.1 percent for endovascular repair, for
a difference of ¡2.5 percentage points (95 percent
confidence interval, ¡10.9 to 5.9 percentage points;
P=0.39) (Fig. 2). As with the data on aneurysmrelated mortality, the difference in the rate of survival free from severe events at two years was based
entirely on the difference in in-hospital events. The
rates of survival free of moderate or severe events
two years after randomization were 65.9 percent
for open repair and 65.6 percent for endovascular
repair, for a difference of 0.3 percentage point (95
percent confidence interval, ¡10.0 to 10.6 percentage points; P=0.88).
There were no documented postoperative aneurysm ruptures. However, in two patients who died
after endovascular repair, the possibility of aneurysm rupture was considered but not proved (Table 2).
Kaplan–Meier estimates of the likelihood of freedom from reintervention are shown in Figure 3. In
the first nine months after randomization, the rate
of reintervention after endovascular repair was al-
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Table 2. Causes of Death after Open and Endovascular Repair of Abdominal Aortic Aneurysm.
Cause of Death

Before Surgery*

In the Hospital†

After Discharge

Overall

Open Endovascular
Repair
Repair
(N=178)
(N=173)

Open Endovascular
Repair
Repair
(N=174)
(N=171)

Open Endovascular
Repair
Repair
(N=166)
(N=169)

Open Endovascular
Repair
Repair
(N=178)
(N=173)

number of patients
All causes

1

1

8

2

9

17

18

20

Cardiovascular causes

7

0

0

2

1

3

6

5

Myocardial infarction

0

0

1

1

0

1

1

2

Cardiac arrest

0

0

1

0

2

2

3

2

Congestive heart failure

0

0

0

0

0

2

0

2

Stroke

0

0

0

0

1

1

1

1

Aneurysm-related, noncardiovascular causes

1

0

6‡

1§

1¶

1¿

8

2

Cancer

0

0

0

0

2

4

2

4

Other

0

1

0

0

1**

4††

1

5

Unknown

0

0

0

0

2‡‡

2§§

2

2

* Two patients died before undergoing the assigned operation: one patient with preexistent pulmonary fibrosis assigned to undergo endovascular repair died from pneumonia 84 days after randomization, and one patient assigned to undergo open repair died from a ruptured abdominal aortic aneurysm.
† In-hospital data were reported previously.2 All 10 in-hospital deaths were aneurysm-related by definition. None of the nine deaths from cardiovascular causes after discharge were aneurysm-related.
‡ The causes of death were as follows: infection of the prosthesis, anastomotic bleeding, ischemic bowel, intraoperative anaphylactic shock,
multiorgan failure after repair of a burst abdomen, and progressive dementia and refusal to eat or drink leading to respiratory insufficiency
and death.
§ The cause of death was bilateral pneumonia.
¶ The cause of death was peritonitis resulting from an iatrogenic bowel lesion during repeated operation to correct prosthetic malalignment.
¿ The cause of death was an infected endograft.
** The cause of death was pneumonia.
††The causes of death were as follows: peritonitis, pulmonary embolism, respiratory insufficiency, and general deterioration related to old age.
‡‡No data were available on the cause of death.
§§ Both patients died suddenly, 33 and 41 months after the procedure. A ruptured aneurysm was considered a possible cause of death, but in
neither patient was a postmortem examination performed. Both patients had evidence of a shrinking aneurysm sac on their last (24-month)
follow-up computed tomographic scan.

most three times the rate after open repair (hazard
ratio, 2.9; 95 percent confidence interval, 1.1 to
6.2; P=0.03). Thereafter, reintervention rates were
roughly parallel (hazard ratio, 1.1; 95 percent confidence interval, 0.1 to 9.3; P=0.95).

discussion
We found that by the end of the first year after randomization, the previously reported perioperative
survival advantage of endovascular aneurysm repair over open repair was no longer apparent.2 Although a lower rate of aneurysm-related death after
endovascular repair did appear to be maintained
during the first two years, in terms of overall survival, this was cancelled out by excess mortality from
other causes, including cardiovascular causes, in the
first two years after discharge.

2402
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One other randomized trial, the Endovascular
Aneurysm Repair (EVAR-1) trial, has compared the
results of endovascular aneurysm repair with those
of open repair.1 Whereas the early results of the
two trials were similar, the long-term results of
EVAR-1 are not yet available and thus cannot be
compared with our findings.
Our results are similar to those of two recently
reported retrospective, controlled studies comparing endovascular and open repair.9,10 In both studies, the respective one-year survival rates after open
and endovascular repair were approximately 92 and
95 percent, and the respective two-year survival
rates were approximately 88 and 89 percent, all of
which are very close to our findings. The rates of
aneurysm-related death two years after open and
endovascular repair were 4.2 and 0.9 percent, respectively, in the study by Cao et al.,10 as compared
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Figure 2. Kaplan–Meier Estimates of Survival Free of Severe Events
among Patients Assigned to Undergo Open or Endovascular Aneurysm Repair.

1.00

Probability of Freedom
from Reintervention

with 5.7 and 2.1 percent, respectively, in our study.
It is possible that the prospective nature of our
study allowed for more complete detection of
aneurysm-related deaths. The difference in reintervention rates between the groups in our study is also
similar to that reported in both retrospective studies. In one study, the divergence of reintervention
rates did not start until after two years of followup,10 whereas in our study, there was no significant
difference in reintervention rates beyond nine
months after randomization. This variation may
depend on how aggressively certain complications
are addressed.
Although our findings — and those in the other
trials discussed above — suggest that endovascular
aneurysm repair may provide an early survival advantage over conventional surgery, it appears that
this advantage is lost by the end of the first year. It
is unknown whether the durability of the endovascular graft will jeopardize long-term outcomes. Although nonrandomized, follow-up studies of patients who have undergone aneurysm repair have
failed to show a long-term advantage of open over
endovascular repair,9,10 concerns persist, since the
rates of aneurysm-related death and reintervention
after endovascular repair have been reported to continue to increase over time.4,11 The overall survival
curves in our trial appeared to converge in the second year after randomization. Our 2-year data do
not exclude the possibility that these curves will actually cross, resulting in a higher rate of death for
endovascular repair than for open repair after 24
months.
There may be two possible explanations for the
convergence of survival curves in our study. One is
that patients who have survived the stress of open
repair may be somewhat less likely to die in the first
few months after surgery than patients who have
undergone endovascular repair, since the latter
group has not been subjected to a conventional
surgical procedure. In other words, the survival advantage resulting from a less-invasive approach to
aneurysm repair may largely be based on postponing death among higher-risk patients from the perioperative period to the subsequent months. Although patients in our trial had to be eligible to
undergo conventional open aneurysm repair before
they could undergo randomization, the health of
patients with abdominal aortic aneurysms is often
seriously compromised by other types of cardiovascular disease. In our study, 58 percent of the deaths
(22 of 38) were due to either cardiovascular causes

Open repair

0.95

0.90
Endovascular repair
0.85

0.80

P=0.02

0
0

6

12

18

24

128
119

93
88

Months after Randomization
No. at Risk
Open repair
Endovascular repair

178
173

158
155

153
147

Figure 3. Kaplan–Meier Estimates of Freedom from Reintervention
among Patients Assigned to Undergo Open or Endovascular Aneurysm Repair.

or causes related to aneurysm repair. This finding
is in accordance with those of other follow-up
studies of aneurysm repair.12,13
Another possible explanation for the convergence of survival curves is the failure of endovascular repair to prevent rupture of the aneurysm. However, endograft failure is unlikely to occur during
the first two years after implantation, and such fail-
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ure would be reflected by a convergence of the rates
of aneurysm-related death — an effect that was not
found in our analysis. Although a grouping of
deaths was seen in the endovascular-repair group
about one year after randomization, the causes of
death were not related to the aneurysm. Furthermore, the apparent grouping of these deaths was
seen in a Kaplan–Meier survival analysis that measured the time from randomization, rather than
the time from the procedure, indicating that this
grouping of deaths was not related to the course
after intervention. Only one patient in the endovascular-repair group died of an aneurysm-related
cause (an infected endograft) after hospital discharge. Whether the rate of graft failure will increase with further follow-up remains to be seen.
In patients undergoing endovascular repair,
efforts should be made to maintain the survival advantage associated with avoiding conventional surgery. This effort may at least in part be a matter of
strict risk-factor management. Beta-blockers, anti-

of

medicine

platelet agents, and statins were each being used in
less than 50 percent of our patients at baseline.
Clearly, less-than-optimal medication was used in
view of current guidelines on risk management for
patients with manifestations of atherosclerosis.14-16
Of course, better perioperative and postoperative
management of risk factors could also improve the
results of open aneurysm repair.
In conclusion, the two-year results of the
DREAM trial indicate that the perioperative survival advantage with endovascular repair as compared
with open repair is limited to the first postoperative year.
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