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Elective Endovascular versus
Open Surgical Repair of
Abdominal Aortic Aneurysms:
Systematic Review of
Short-term Results1

PURPOSE: To summarize and compare published short-term results of elective
endovascular and open surgical repair of abdominal aortic aneurysms.

MATERIALS AND METHODS: A MEDLINE search of the English literature was
performed. Studies with at least 10 patients in each treatment group were included
if they reported patient characteristics, complications, and mortality. Two reviewers
independently extracted the data. A random-effects model was used to pool the
data and calculate pooled odds ratios (endovascular vs open surgical repair).

RESULTS: Nine studies were included, reporting results of 1,318 procedures (687
endovascular repair and 631 open surgical repair). Mean blood loss was 456 mL for
endovascular repair and 1,202 mL for open surgical repair (P � .003). On average,
patients undergoing endovascular repair spent 0.5 days in the intensive care unit
and 3.9 days in the hospital, and patients undergoing open surgical repair spent 2.2
days (P � .04) in the intensive care unit and 10.3 days (P � .02) in the hospital. The
pooled 30-day-mortality was 0.03 for endovascular repair (95% CI: 0.02, 0.04) and
0.04 for open surgical repair (95% CI: 0.00, 0.07) (P � .03), and the odds ratio was
0.55 (95% CI: 0.33, 0.92). The pooled local and/or vascular complication rate was
0.16 for endovascular repair (95% CI: 0.06, 0.25) and 0.12 for open surgical repair
(95% CI: 0.06, 0.18) (P � .46), and the odds ratio was 0.97 (95% CI: 0.62, 1.54).
The pooled systemic and/or remote complication rate was 0.17 for endovascular
repair (95% CI: 0.09, 0.25) and 0.44 for open surgical repair (95% CI: 0.21, 0.66)
(P � .001), and the odds ratio was 0.22 (95% CI: 0.11, 0.45).

CONCLUSION: On the basis of this systematic review, endovascular repair results in
less blood loss, shorter intensive care unit and hospital stays, lower 30-day mortality,
and lower systemic and/or remote complication rates than those of open surgical
repair.
© RSNA, 2002

Asymptomatic abdominal aortic aneurysms can be life threatening, since they may rup-
ture with no prior warning (1). Currently, almost half of the patients with a ruptured
abdominal aortic aneurysm who reach the hospital die (2). The risk of rupture is related to
aneurysm size. Therefore, elective repair of abdominal aortic aneurysms is generally
recommended for patients whose aneurysms are larger than 5.0 cm in diameter to avoid
morbidity and mortality associated with rupture and emergency repair (3). The goal of
elective repair of abdominal aortic aneurysms is to exclude the aneurysm from the
circulation to avert rupture and death.

Open surgical repair was the first method used to treat abdominal aortic aneurysms
electively. Since 1991, an alternative method—endovascular repair—has become available
(4). Endovascular repair is less invasive and does not require abdominal laparotomy and
long periods of aortic clamping. It has the potential to reduce procedure-related morbidity
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and mortality rates from those associated
with open surgical repair and shorten the
postprocedural recovery period.

Investigators in several reports have
described short-term results for endovas-
cular repair of abdominal aortic aneu-
rysms. These reports provide a wide range
of estimates for short-term morbidity and
mortality. For example, estimates for the
systemic and/or remote complication
rate for endovascular repair varied be-
tween 0% and 39% (5,6), and estimates
for the 30-day mortality rate for endovas-
cular repair varied between 0% and 6.1%
(7,8). To better understand the appro-
priate use of this new technology, it is
important to evaluate these short-term
results. Moreover, a published cost-effec-
tiveness analysis comparing elective endo-
vascular and open surgical repair of ab-
dominal aortic aneurysms showed that
the cost-effectiveness of endovascular re-
pair is critically dependent on its poten-
tial to reduce morbidity and mortality
rates from those associated with open
surgical repair (9). That same analysis
showed that varying the costs or inci-
dence of repeat interventions for either
endovascular repair (for graft thrombosis
or endoleak) or open surgical repair (for
graft thrombosis or hemorrhage) had no
influence on the cost-effectiveness of en-
dovascular repair (9). Furthermore, it was
suggested that investigators should place
primary focus on morbidity and mortal-
ity rates when considering the effective-
ness of endovascular repair (9). So far, to
our knowledge, no randomized con-
trolled trial comparing elective endovas-
cular and open surgical repair has been
published. The purpose of this study was
to summarize and compare published
short-term results of elective endovascu-
lar and open surgical repair of abdominal
aortic aneurysms.

MATERIALS AND METHODS

Data Sources

A MEDLINE search of the literature in
the English language was performed for
articles on elective endovascular and
open surgical repair of infrarenal abdom-
inal aortic aneurysm. We used key words
describing infrarenal abdominal aortic
aneurysm, elective endovascular repair,
and outcome (eg, “complication,” “mor-
bidity,” “mortality,” and “success rate”).
We limited our search to reports on hu-
man subjects published in the English
language, and we excluded case reports
and reviews. We searched MEDLINE for
articles published from 1991 onward,

since Parodi et al (4) published their arti-
cle on the first clinical application of
elective endovascular repair for abdomi-
nal aortic aneurysm in 1991. In addition,
bibliographies of identified articles were
checked to obtain additional references.
Prospective and retrospective studies
were included if they met all of the fol-
lowing criteria: (a) Patients undergoing
elective endovascular repair were com-
pared with patients undergoing elective
open surgical repair, (b) each treatment
group included at least 10 patients, and
(c) patient characteristics, complications,
and mortality were reported for both
groups. In the event of multiple reports
from a single institution, we included
only the most recently published report
to avoid double counting.

Nine studies (5–8,10–14) met our in-
clusion criteria, in which the results of
1,318 procedures were reported. The to-
tal number of patients undergoing en-
dovascular repair (n � 687) was higher
than the total number of patients un-
dergoing open surgical repair (n � 631).
In Table 1, the characteristics of the
included studies are given. The publica-
tion dates of the studies varied from
June 1998 to February 2001. Patients
were enrolled in these studies from
1992 to 1999. All studies were observa-
tional. Various strategies were used to
enroll patients in the endovascular and
open surgical groups (Appendix). In
most studies, one or two institutions
were involved, with the exception of
the study by Zarins et al (14), in which
12 institutions were involved. In six of
the nine studies, the first endovascular
procedures performed at the institution
were included in the endovascular re-
pair group (5,8,10,11,13,14). May et al
(12) performed their first endovascular
procedure in 1992, but their study pe-
riod started in May 1995. It is unclear if
the other investigators (6,7) had per-
formed any endovascular procedures
before the start of their study periods.

Data Extraction

Two authors (M.E.A.P.M.A., J.L.B.) in-
dependently extracted data on study de-
sign, patient characteristics, lesion char-
acteristics, procedural techniques, and
short-term results by using standardized
forms. Discrepancies were resolved by
means of consensus. If a discrepancy ex-
isted in the numbers in the text or be-
tween text and tables, we chose the most
frequently reported number.

Short-term results were defined as all
measurable results within 30 days of the

procedure, including duration of the pro-
cedure, blood loss during the procedure,
number of days in the intensive care
unit, number of days in the hospital, and
30-day mortality and complication rates.
Complications were extracted as they
were described in the studies. We made a
distinction between complications and
outcomes related to the aneurysm or to
the graft. Complications included, for
example, wound infection, postopera-
tive hemorrhage, myocardial infarction,
pneumonia, and sepsis. The existence of
an endoleak, graft thrombosis, or graft
occlusion; increasing aneurysm size over
time; aneurysm rupture; and conversion
to open surgical repair were considered
treatment outcomes—that is to say, they
were considered to be potential aneu-
rysm- and graft-related failures rather
than complications.

Data Synthesis

To assess the possibility of publication
bias (ie, bias resulting from more studies
with a desirable result being published
than those with an undesirable result),
we constructed a funnel plot (15). In a
funnel plot, an estimate of the precision
of the effect size for each study (in our
study, the reciprocal of the standard error
of the 30-day mortality odds ratio) is
plotted as a function of the correspond-
ing effect-size estimate (in our study, the
natural logarithm of the odds ratio). In
the absence of publication bias, the data
points from all studies (one point for
each study) should take the shape of a
symmetrical inverted funnel-shaped dis-
tribution (inverted V shape); the effect-
size estimates from larger, more precise
studies will converge; and the effect-size
estimates from smaller, less precise stud-
ies will be scattered symmetrically at the
bottom of the funnel plot. If publication
bias is present, the data points will be
distributed in an asymmetrical fashion.
For example, one side of the funnel shape
can be missing. We used 30-day mortal-
ity as effect size, since it was the most
robust, most standardized outcome pre-
sented in the studies.

In our meta-analysis, we assumed that
the individual studies were a random
sample of a hypothetical population of
studies comparing elective endovascular
and open surgical repair of abdominal
aortic aneurysms (16). Therefore, we used
a random-effects model, which takes into
account the between-study variance (de-
rived from the sampling of studies) and
the within-study variance (derived from
the limited sample size of each study), to
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pool discrete variables throughout our
study (16).

From the data provided in the individ-
ual studies, we calculated weighted
means for patient age and abdominal
aortic diameter. The estimates were
weighted for sample size. For patient sex
and preoperative risk factors, we calcu-
lated pooled estimates and their 95% CIs
by using the random-effects model de-
scribed by Laird and Mosteller (16).

To summarize the short-term results of
both treatment groups, we calculated
weighted means for duration of the pro-
cedure, blood loss during the procedure,
days in the intensive care unit after the
procedure, and total length of stay in the
hospital. For the overall 30-day mortality
and complication rates, we calculated
pooled estimates and their 95% CIs by
using the random-effects model de-
scribed by Laird and Mosteller (16). In
addition to reporting the total complica-
tion rate of endovascular and open surgi-
cal repair, we divided the total complica-
tion rate into a local and/or vascular
complication rate and a systemic and/or
remote complication rate, as has been
suggested by several investigators in arti-
cles about reporting standards (17–21).
We also reported complications accord-
ing to type (ie, arterial injury, emboliza-
tion and/or occlusion, limb ischemia,
wound, bleeding, renal sepsis, and car-
diac, neurologic, pulmonary, gastrointes-
tinal, and other complications). The
word occlusion was used to refer to cover-

age of renal arteries and unintentional
branch occlusion.

All pooled estimates were compared
between treatment groups by using the
Student t test and the �2 test as appropri-
ate. Two-sided P values of .05 or less were
considered to indicate a statistically sig-
nificant difference.

To compare 30-day mortality, total
complication rates, local and/or vascular
complication rates, and systemic and/or
remote complication rates between the
two treatment groups, we also calculated
pooled odds ratios (endovascular vs open
surgical repair). Pooled odds ratios and
their 95% CIs were calculated by using
the random-effects model described by
DerSimonian and Laird (22,23).

To test for heterogeneity in patient
characteristics and short-term results
across the studies, we used the �2 test,
and to test for heterogeneity in the odds
ratios across the studies, we used the
Cochran-Mantel-Haenszel test.

Most analyses were performed with
Microsoft Excel software (Redmond,
Wash). Only the Cochran-Mantel-Haens-
zel test was performed with SAS version 7
software (Statistical Analysis Systems,
Cary, NC).

RESULTS

Publication bias may have affected our
results. The Figure shows that the funnel
plot did not have a symmetrical appear-
ance. In the lower left-hand corner, stud-

ies appear to be missing. This suggests
that small studies with a low mortality
rate for endovascular repair compared
with that for open surgical repair were
underrepresented.

Table 2 presents the demographic and
clinical characteristics of the patients in-
cluded in this systematic review by study
and by treatment group. Most of the
characteristics were not significantly dif-
ferent between the endovascular and
open surgical repair groups. A significant
difference was present in the proportion
of male patients (P � .002), the propor-
tion of patients with cardiac morbidity
(P � .001), and the proportion of patients
who did not smoke (P � .04); all of these
proportions were higher in the endovas-
cular repair group than in the open sur-
gical repair group.

The endovascular procedures were per-
formed in operating rooms in two studies
(8,12) and in angiographic suites in two
studies (5,11), and the site of perfor-
mance was not reported in five studies
(6,7,10,13,14). General anesthesia was
used during endovascular repair in four
studies (5,6,8,11), either general or epi-
dural anesthesia was used in one study
(14), and the type of anesthesia was not
reported in four studies (7,10,12,13). A
variety of endografts were implanted, in-
cluding AneuRx (Medtronic AVE, Santa
Rosa, Calif), Bard (Haverhill, Mass), Bax-
ter (Irvine, Calif), EVT (Endo Vascular
Technologies, Menlo Park, Calif), Gore
(Flagstaff, Ariz), Stentor (Mintec, Free-

TABLE 1
Characteristics of Studies Comparing Endovascular and Open Surgical Repair for Abdominal Aortic Aneurysm

Study
Year of

Publication
Study

Location
No. of

Institutions
Study
Period

Initial
Experience
Included*

Patients
Matched†

EVR Data
Collection

OSR Data
Collection

Becquemin et al (10) 2000 France 1 1995–1999 Yes Yes‡ Pros§ Pros§

Birch et al (11) 2000 Australia 1 1996–1999 Yes No Retro Retro
Brewster et al (8)� 1998 USA 1 1994–1997 Yes Yes# NR NR
Cohnert et al (5) 2000 Germany 2 1996–1998 Yes Yes** Retro Retro
May et al (12) 1998 Australia 1 1995–1998 No†† No Pros NR
Moore et al (13) 1999 USA 1 1992–1998 Yes Yes‡‡ Pros NR
Scharrer-Palmer et al (6) 1999 Germany 1 1996–1997 NR No Pros Pros
Treharne et al (7) 1999 UK 1 1994–1997 NR No Pros Pros
Zarins et al (14) 1999 USA 12 1996–1997 Yes Yes‡ Pros Pros

Note.—EVR � elective endovascular repair, OSR � elective open surgical repair, Pros � prospective data collection, Retro � retrospective data collection,
NR � not reported.

* First endovascular procedure performed at institution was included in the study.
† EVR patients and OSR patients matched by study design.
‡ Patients were not matched, but same entry criteria were used for EVR and OSR patients. All included patients were potential candidates for EVR.
§ Prospective except that missing data were entered retrospectively.
� Not analyzed by intention to treat. EVR patients converted to OSR during the initial procedure were excluded from the analysis.
# Matched for age, risk factor status, abdominal aortic aneurysm size, and aneurysm extent and morphologic features.
** Matched for age, sex, and body mass index.
†† First EVR performed in 1992.
‡‡ Matched for age, risk factors, and anatomic considerations.
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port, Bahamas), Stenway (Stenford, Paris,
France), Talent (Medtronic AVE), Van-
guard (Boston Scientific, Natick, Mass),
Zenith (Cook Australia, Brisbane, Austra-
lia), and custom-made and in-house de-
signs. The configurations of the endo-
grafts used, listed according to decreasing
frequency of use, were bifurcated (408 of
539; 76%), aortouniiliac combined with
contralateral iliac occlusion and femoro-
femoral bypass (79 of 539; 15%), and tu-
bular (52 of 539; 9%) (Table 3).

Open surgical repair was performed ac-
cording to common surgical practice. Tu-
bular and bifurcated grafts were used in
51% and 49% of cases, respectively (Ta-
ble 3).

Conversion to open surgical repair dur-
ing the initial procedure or within 30
days after endovascular repair was seen in
0%–10% of patients treated with endo-
vascular repair, with a pooled estimate of

0.03 (95% CI: 0.00, 0.05). In four addi-
tional patients in whom iliac arterial ac-
cess was impossible, the endovascular
procedure was abandoned, and no open
surgical repair was performed (14). Early
endoleak was seen in 7%–29% of patients
in the individual studies. The pooled es-
timate of early endoleak after endovascu-
lar repair was 0.20 (95% CI: 0.15, 0.24).

The duration of an endovascular pro-
cedure (mean, 192 minutes) was not sig-
nificantly different from the duration of
an open surgical procedure (mean, 200
minutes) (P � .79) (Table 3). Blood loss
during the procedure was significantly
less for endovascular repair (mean, 456
mL) than for open surgical repair (mean,
1,202 mL) (P � .003) (Table 3). The num-
ber of days spent in the intensive care
unit after the procedure and the number
of days spent in the hospital were both
significantly less for endovascular repair

(mean, 0.5 and 3.9 days, respectively)
than for open surgical repair (mean, 2.2
and 10.3 days, respectively) (P � .04 and
P � .02, respectively) (Table 3).

The 30-day mortality ranged from 0.00
to 0.06 for endovascular repair and from
0.00 to 0.16 for open surgical repair. The
pooled estimate of 30-day mortality for
endovascular repair (0.03; 95% CI: 0.02,
0.04) was significantly lower than that
for open surgical repair (0.04; 95% CI:
0.00, 0.07) (P � .03) (Table 3). The likeli-
hood of dying within 30 days after elec-
tive repair of an abdominal aortic aneu-
rysm was reduced by undergoing an
endovascular procedure (pooled odds ra-
tio, 0.55; 95% CI: 0.18, 0.71).

The pooled estimate of total complica-
tion rate for endovascular repair (0.30;
95% CI: 0.20, 0.40) was significantly
lower than that for open surgical repair
(0.53; 95% CI: 0.30, 0.75) (P � .001) (Ta-

TABLE 2
Characteristics of Patients Undergoing Endovascular or Open Surgical Repair for Abdominal Aortic Aneurysm

Study
No. of

Patients Male (%)

Mean
Age
(y)

Mean
Aneurysm
Diameter

(cm)

Preoperative Risk Factors

Cardiac
(%)*

Cerebral
(%)†

DM
(%) HL (%) HT (%)

Pulm
(%)‡

PAD
(%)

Renal
(%)§

Smoking
(%)�

Endovascular repair
Becquemin et al (10) 73 90 70 5.0 56 NR 11 30 53 25 NR 11 34
Birch et al (11) 31 87 73 5.7 68 6 3 29 48 42 23 6 NR
Brewster et al (8) 28 86 76 5.5 61 18 11 32 57 43 18 14 11
Cohnert et al (5) 37 97 68 5.7 68 5 5 11 70 NR NR 5 NR
May et al (12) 148 93 72 NA 56 NR 7 NR 35 7# NR 8 18
Moore et al (13) 100 94 75 5.6** 70 24 7 NR 56 28 NR 4 80
Scharrer-Palmer et al (6) 31 94 66 5.2 NR NR NR NR NR NR NR NR NR
Treharne et al (7) 49 86 68** 5.7** 16 4 2 NR 31 NR 18 NR 37
Zarins et al (14) 190 90 73 5.6 84 19 7 NR 69 23 18 4 85
Mean†† 687‡‡ 91 72�� 5.5�� 60 14 7 26 52 30 19 7 44

(89, 93)§§ (46, 74)§§ (7, 20) (5, 9) (16, 35) (43, 62) (22, 38) (17, 20) (4, 9) (19, 70)§§

Open surgical repair
Becquemin et al (10) 107 93 69 5.1 43 NR 10 21 51 22 NR 13 36
Birch et al (11) 31 81 71 6.2 55 23 10 35 55 42 19 6 NR
Brewster et al (8) 28 71 74 5.5 54 14 7 29 46 29 21 11 18
Cohnert et al (5) 37 97 68 6.0 62 8 3 19 59 NR NR 5 NR
May et al (12) 135 83 69 NA 51 NR 8 NR 33 0# NR 4 23
Moore et al (13) 100 86 73 5.9** 59 23 10 NR 66 18 NR 10 79
Scharrer-Palmer et al (6) 29 83 70 6.5 NR NR NR NR NR NR NR NR NR
Treharne et al (7) 104 83 72** 5.9** 23 5 3 NR 42 NR 9 NR 47
Zarins et al (14) 60 85 69 5.6 87 15 10 NR 60 33 25 5 83
Mean†† 631‡‡ 85 70�� 5.7�� 54 14 8 24 51 27 17 8 48

(81, 90)§§ (41, 66)§§ (9, 20) (6, 10) (17, 31) (44, 58) (19, 35) (11, 23) (6, 10) (26, 70)§§

Note.—DM � diabetes mellitus, HL � hyperlipemia, HT � hypertension, Pulm � pulmonary, PAD � peripheral arterial disease, NR � not reported, NA �
not available or the numbers in the article were not interpretable.

* Reported in studies as cardiac disease, coronary artery disease, and ischaemic heart disease.
† Reported in studies as cerebrovascular disease, stroke, and transient ischemic attack.
‡ Reported in studies as chronic obstructive airways disease, chronic obstructive pulmonary disease, and pulmonary disease.
§ Reported in studies as creatinine levels greater than 1.7 mg/dl, renal dysfunction, renal failure, renal impairment, and renal insufficiency.
� Reported in studies as history of smoking or current smoking.
# Defined as severe respiratory disease and Boushy category III. Only reported in the subgroup of patients who had a comorbidity sufficiently severe

to preclude open surgical repair. Therefore, these numbers were excluded when calculating the pooled mean for pulmonary preoperative risk factor.
** Median.
†† Mean based on random-effects model, unless indicated otherwise. Numbers in parentheses are 95% CIs.
‡‡ Total.
§§ Statistically significant difference (P � .05) between pooled mean of endovascular repair and pooled mean of open surgical repair.
�� Weighted mean.
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ble 3). The likelihood of experiencing a
complication after elective repair of an
abdominal aortic aneurysm was reduced
by undergoing an endovascular proce-
dure (pooled odds ratio, 0.26; 95% CI:
0.09, 0.78).

For local and/or vascular complication
rates, the pooled estimate was 0.16 (95%
CI: 0.06, 0.25) for endovascular repair
and 0.12 (95% CI: 0.06, 0.18) for open
surgical repair (P � .46) (Table 3). No
significant difference was found in the
likelihood of experiencing a local and/or
vascular complication after endovascular
or open surgical repair (pooled odds ra-
tio, 0.97; 95% CI: 0.62, 1.54).

The pooled estimate of systemic and/
or remote complication rates for endo-
vascular repair (0.17; 95% CI: 0.09, 0.25)
was significantly lower than that for
open surgical repair (0.44; 95% CI: 0.21,
0.66) (P � .001) (Table 3). The likelihood
of experiencing a systemic and/or remote
complication after elective repair of an
abdominal aortic aneurysm was reduced
by undergoing an endovascular proce-
dure (pooled odds ratio, 0.22; 95% CI:
0.11, 0.45).

Variation in the presence of risk factors
and reported short-term results across the
studies included in this systematic review
was present, as shown by results of tests
for heterogeneity. However, no relation-
ship between the presence of risk factors

and worse short-term results could be de-
tected by eyeballing the data. Variations
in odds ratios across the studies were
demonstrated for total complication rate
and systemic and/or remote complica-
tion rate.

Table 4 presents a more detailed over-
view of the reported complications. Sig-
nificant differences were found in the
proportion of arterial injury, bleeding,
and cardiac, pulmonary, renal, and gas-
trointestinal complications. With the ex-
ception of arterial injury, the proportions
were higher for open surgical repair. Ar-
terial injury was observed more often af-
ter endovascular repair than after open
surgical repair (P � .001). Cardiac, pul-
monary, renal, and gastrointestinal com-
plications, as well as bleeding, were ob-
served more often after open surgical
repair than after endovascular repair (P �
.001, P � .001, P � .02, P � .002, and P �
.04, respectively).

DISCUSSION

In this systematic review, we have sum-
marized and compared the short-term re-
sults of elective endovascular and open
surgical repair of abdominal aortic aneu-
rysms. We found less blood loss, shorter
intensive care unit and hospital stays,
lower 30-day mortality, and lower sys-

temic and/or remote complication rates
for endovascular repair than those for
open surgical repair on the basis of data
reported in the nine studies that met our
inclusion criteria.

The pooled 30-day mortality of 3% for
endovascular repair in this systematic re-
view was in agreement with the 30-day
mortality for endovascular repair in the
EUROSTAR registry, in which 40 of 1,554
patients (2.6%) died (24). Data from the
EUROSTAR registry were not included in
this systematic review because a control
group of patients treated with open sur-
gical repair was not reported. Two other
studies with a large cohort of patients
treated with endovascular repair reported
a lower 30-day mortality. Twenty-three
of 1,192 patients (2.0%) treated within
the first 4 years of the U.S. AneuRx clin-
ical trial died within 30 days of the pro-
cedure, and 10 of 669 patients (1.5%)
treated worldwide with an EVT tube or
bifurcated graft between February 1993
and October 1997 died within 30 days of
the procedure (25,26). Less blood loss,
fewer blood transfusions, and shorter in-
tensive care unit and hospital stays with
endovascular repair than those associ-
ated with open surgical repair have also
been reported in other studies (27–31).

We found that the duration of an en-
dovascular procedure (mean, 192 min-
utes) was not significantly different from
the duration of an open surgical proce-
dure (mean, 200 minutes). Other studies
(27–31) reporting procedure times for
both treatment options also found a
slightly shorter procedure time for endo-
vascular repair than that for open surgi-
cal repair, but the difference was only
significant in three of five of these studies
(27,28,31). It should be noted, however,
that endovascular repair was a new pro-
cedure, and most of the studies in this
systematic review included consecutive
endovascular repairs starting from the
first endovascular procedure performed
at their institution.

Results of a previous study demonstrated
that the cost-effectiveness of endovascular
repair was critically dependent on its po-
tential to reduce morbidity and mortality
rates from those associated with open sur-
gical repair (9). If the mortality rate for
endovascular repair increased from 1.2% to
greater than 4.4% or if the mortality rate
for open surgical repair decreased from
4.4% to less than 1.7%, endovascular re-
pair was no longer cost-effective (9). Endo-
vascular repair will be a cost-effective alter-
native if it can produce a substantial
decrease in morbidity and mortality rates,
which is most likely to occur in patients at

Funnel plot shows the reciprocal of the standard error of the 30-day mortality odds ratio,
endovascular repair versus open surgical repair, as a function of the natural logarithm of the
30-day mortality odds ratio. The natural logarithm of the pooled 30-day mortality odds ratio is
indicated by the square. Horizontal error bars represent 95% CIs. The funnel plot does not
demonstrate a funnel-shaped distribution (inverted V shape). Studies with a low reciprocal of the
standard error and with a low 30-day mortality odds ratio appear to be missing (lower left-hand
corner). This implies that studies with a low mortality for endovascular repair compared with that
of open surgical repair are underrepresented, suggesting that there may be publication bias. ● �
studies.
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high risk (9). On the basis of our results,
endovascular repair does indeed seem to
reduce short-term morbidity and mortality
rates. There is still uncertainty, however,
regarding the long-term effectiveness of
endovascular repair. Threats to the long-
term effectiveness of endovascular repair
could include endoleaks, graft distortion,
limb graft occlusion, and material fatigue
(32). The consequences of having an en-
doleak are still unclear. Different conse-
quences have been published, varying
from a decreased maximum transverse di-

ameter in patients with temporary en-
doleak and no change in patients with
persistent endoleak to no statistically sig-
nificant diameter changes between pa-
tients with and patients without endoleak
and an increased diameter in patients with
persistent endoleak (33–35). Furthermore,
aneurysm rupture occurred in patients
with and patients without endoleak (36).
Threats to the long-term effectiveness of
open surgical repair include pseudoaneu-
rysm rupture, suprarenal and iliac aneu-
rysm formation, graft infection, aortoen-

teric fistula, and graft thrombosis (25,26).
Also, endoleaks have been reported after
open surgical repair (37). The same cost-
effectiveness analysis showed, however,
that varying the costs or incidence of re-
peat interventions for either endovascular
repair (for graft thrombosis or endoleak) or
open surgical repair (for graft thrombosis
or hemorrhage) had no influence on the
cost-effectiveness of endovascular repair
(9). Before a final comparison between en-
dovascular and open surgical repair can be
made and a definite conclusion reached,

TABLE 3
Procedure Results of Endovascular Repair and Open Surgical Repair for Abdominal Aortic Aneurysm

Study

No. of
Tubular/

Bifurcated/
Aortouniiliac

Grafts*

Procedure
Duration

(min)

Blood
Loss
(mL)

ICU
Stay
(d)

Hospital
Stay
(d)

30-day
Mortality

(%)

Total
Complications

(%)†

Local and/or
Vascular

Complications
(%)‡

Systemic and/
or Remote

Complications
(%)§

Endovascular repair
Becquemin et al (10) 3/67/3 149� 96� NR 7 2.7 16.4 1.4 15.1
Birch et al (11) 0/30/1 205 545 0.07 6 3.2 48.4# 45.2# 25.8#

Brewster et al (8) 8/8/12 211 498 0.1 3.9 0 50.0 35.7 14.3
Cohnert et al (5) 0/37/0 233 NR 1.5** 10** 5.4 13.5 13.5 0
May et al (12) NR NR NR NR NR 2.7 20.9 11.5 9.5
Moore et al (13) 39/45/16 211 326 0� 2� 2.0 21.0 8.0 13.0
Scharrer-Palmer et al (6) 2/29/0 NR NR 1.5** 10** 0 45.2 6.5 38.7
Treharne et al (7) 0/2/47 NR . . .†† NR NR 6.1 44.9 12.2 32.7
Zarins et al (14) 0/190/0 186 641 0.9 3.4 2.6 17.4 10.5 6.8
Mean‡‡ . . . 192§§ 456§§�� 0.5§§�� 3.9§§�� 3 (2, 4)�� 30 (20, 40)�� 16 (6, 25) 17 (9, 25)��

Open surgical repair
Becquemin et al (10) 37/70/0 133� 985� NR 13 2.8 32.7 6.5 26.2
Birch et al (11) 19/12/0 224 1,735 2.9 13.4 0 83.9# 35.5# 71.0#

Brewster et al (8) 14/14/0 195 1,287 1.75 10.3 0 71.4 7.1 64.3
Cohnert et al (5) 20/17/0 198 NR 1.4** 10.4** 0 10.8 8.1 2.7
May et al (12) NR NR NR NR NR 5.9 25.9 6.7 19.3
Moore et al (13) NR 256 1,010 2� 7� 3.0 27.0 11.0 16.0
Scharrer-Palmer et al (6) 20/9/0 NR NR 3.2** 13** 3.4 103.5## 6.9 96.6
Treharne et al (7) 61/43/0 NR . . .*** NR NR 16.3 96.2 15.4 80.8
Zarins et al (14) y/y/n††† 216 1,596 2.5 9.4 0 28.3 11.7 16.7
Mean‡‡ . . . 200§§ 1,202§§�� 2.2§§�� 10.3§§�� 4 (0, 7)�� 53 (30, 75)�� 12 (6, 18) 44 (21, 66)��

Note.—ICU � intensive care unit, NR � not reported.
* Aortouniiliac grafts combined with contralateral iliac occlusion and femorofemoral bypass.
† Total complications reported, divided by total number of patients per treatment group per study.
‡ Reported in studies as arterial injury, common femoral artery dissection, iliac artery dissection, perforation of iliac artery, spurious aneurysm,

abdominal wound dehiscence, groin infection, groin wound problem, hematoma, lymphatic drainage, subcutaneous wound separation, wound
complications, wound infection, wound infection necessitating repeat surgery, bleeding, bleeding necessitating repeat surgery, deep hemorrhage,
hemorrhage, postoperative hemorrhage, retroperitoneal hemorrhage, wound hemorrhage, acute lower-limb ischemia, chronic lower-limb ischemia,
femoral neuropathy, leg ischemia, limb ischemia, renal arteries covered, unintentional branch occlusion, intraoperative embolization of both legs, major
embolization, massive microembolization, minor embolization, peripheral embolization, unilateral ureteral obstruction, bowel obstruction, colonic
ischemia, and mesenteric infarct.

§ Reported in studies as deep venous thrombosis, cardiac complications, cardiac arrhythmia, cardiac failure, congestive heart failure, hypotension,
mild congestive heart failure, myocardial infarction, subendocardial infarction, transient arrhythmia, cerebrovascular accident, encephalopathy,
neurologic complications, organic brain dysfunction, paraplegia, seizure, stroke, transient ischemic attack, chest infection, pneumonia, pulmonary
complications, pulmonary edema, pulmonary embolism, pulmonary infiltrate, respiratory failure, acute renal failure, creatinine level greater than 2.0 (no
dialysis), impaired renal function, renal insufficiency (with dialysis), renal insufficiency (no dialysis), transient acute tubular necrosis, infection, urinary
infection, sepsis, septicaemia, urinary sepsis, wound sepsis, clostridium difficile colitis, ileus, prolonged ileus, and sigmoid volvulus.

� Median.
# Proportion of patients with a complication was reported, not total number of complications.
** Duration of intensive care unit and hospital stay were regulated in Germany and do not necessarily reflect a patient’s clinical condition. Therefore,

we excluded these studies when calculating the pooled mean.
†† 21 of 29 patients had blood loss of more than 1,000 mL.
‡‡ Mean based on random-effects model, unless indicated otherwise. Numbers in parentheses are 95% CIs.
§§ Weighted mean.
�� Statistically significant difference (P � .05) between pooled mean of endovascular repair and pooled mean of open surgical repair.
## Because probability cannot exceed 100% in the analysis, we assumed 100% when calculating the pooled total complication rate for open surgical repair.
*** 81 of 104 patients had a blood loss of more than 1,000 mL.
††† Exact numbers were not reported. y � yes, n � no.
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however, long-term mortality rates should
be taken into account, as well.

The principal limitation of our study was
that the individual studies included in our
systematic review were not based on ran-
domized controlled clinical trials. Various
strategies were used to enroll patients in
the endovascular and open surgical repair
groups (Appendix). Demographic and clin-
ical characteristics were not significantly
different between groups, however, with
the exception of male sex and the presence
of cardiac comorbidities, which were more
common in the endovascular group, and
smoking, which was more common in the
open surgical group. Of course, we could
not compare unknown confounders and
unpublished characteristics between the
treatment groups. For example, the aver-
age number of risk factors per patient was
not reported. Only Becquemin et al (10)
reported that the percentage of patients
with two or more risk factors was higher in
the endovascular repair group than in the
open surgical repair group (P � .01). In a
cohort study of endovascular repair in 116
high-risk patients, the 30-day mortality
and total complication rate were 2% and
20%, respectively (38), which is lower than
the 3% and 30% found in our systematic
review.

Publication bias may have affected our
results. To assess publication bias, we con-
structed a funnel plot. The funnel plot sug-
gested that small studies with a low mor-
tality in the endovascular repair group
when compared with that in the open sur-
gical repair group may have been under-
represented. Therefore, if present, any pub-
lication bias worked against endovascular
repair. In spite of this bias, the pooled esti-
mate was still in favor of endovascular re-
pair.

Data collection within the individual
studies may also have been a source of bias,
especially when data were collected retro-
spectively in one treatment group and pro-
spectively in the other. In three studies, it
was not clear how the open surgical repair
data were collected (8,12,13), but the en-
dovascular repair data were collected pro-
spectively. The other studies used the same
method for both groups. Because prospec-
tively collected data are likely to be more
carefully scrutinized, this potential bias
would be expected to work against endo-
vascular repair.

Our study was limited by the originally
reported data and the lack of standardiza-
tion. To reduce the effect of differing inter-
pretations of reported data, two authors
independently extracted the data. Lack of
standardization was most apparent while
dealing with morbidity. Each study de-

fined morbidity differently or did not de-
fine it at all, resulting in heterogeneity in
the total complication rate and systemic
and/or remote complication rate across the
studies. To present a complete overview
of all complications, we reported all com-
plications as described in the individual
studies. Furthermore, we classified com-
plications into local and/or vascular and
systemic and/or remote groups, as has
been suggested by several authors who
were trying to improve reporting standards
(17–21). Fatal complications were excluded
from the complication rate and were in-
cluded in the 30-day mortality rate, accord-
ing to common practice. Events related to
the aneurysm and the patency of the graft
were excluded from the complication rate,
since the reporting of these events is de-
pendent on the available follow-up in the
individual studies, which was generally
not performed for patients who underwent
open surgical repair, and would thus have
introduced uncertainty and potential bias
into the analysis.

Unfortunately, incorporation of the se-
verity of the complications into our analy-
sis was not possible, because severity was
not reported consistently in the included
studies. Two European cohort studies, one
on endovascular repair and one on open
surgical repair, graded complications as
mild, moderate, and severe, following the
recommendations of the Ad Hoc Commit-
tee on Reporting Standards (39,40). The
distribution of complications was 24%
mild, 55% moderate, and 21% severe for
endovascular repair (40) and 29% mild,
36% moderate, and 34% severe for open
surgical repair (39). It was not possible to
incorporate the actual number of patients
with a complication into our analysis,
since only Birch et al (11) and Brewster et al
(8) reported those numbers. Since one pa-
tient could experience more than one
complication, the number of patients with
complications need not equal the number
of complications. We extracted the total
number of complications reported in each
study. Brewster et al (8) reported a total of
14 complications in 13 patients who had at
least one complication after endovascular
repair and a total of 20 complications in 14
patients who had at least one complication
after open surgical repair. The EUROSTAR
registry reported a total of 369 systemic
complications in 279 of 1,554 patients
who underwent endovascular repair (24).

In conclusion, our results suggest that
elective endovascular repair for abdomi-
nal aortic aneurysms results in less blood
loss, shorter intensive care unit and hos-
pital stays, lower 30-day mortality, and
lower systemic and/or remote complica-

tion rates than those of elective open sur-
gical repair for abdominal aortic aneu-
rysms. These favorable short-term results
add further support to prior studies citing
the benefits of endovascular repair.

APPENDIX

Various strategies were used in the included
studies to enroll patients in the endovascular
and open surgical repair groups. In three stud-
ies, the patients in the open surgical repair
group were matched with the patients in the
endovascular repair group by study design
(5,8,13). Brewster et al (8) matched for age,
sex, risk factor status, aneurysm size, and an-
eurysm extent and morphologic features. It
should be noted that Brewster et al (8) ex-
cluded two of 30 patients from their analysis.
These two patients were converted to open
surgical repair during the endovascular proce-
dure. Cohnert et al (5) matched for age, sex,
and body mass index. Moore et al (13)
matched for age, risk factors, and anatomic
considerations. In the remaining articles, the
authors used other means of defining the two
treatment groups. Becquemin et al included
patients in both treatment groups who were
potential candidates for endovascular repair.
The criteria used to decide between perform-
ing endovascular or open surgical repair var-
ied during the study period. Birch et al (11)
included all patients who underwent endo-
vascular repair and designated the patients
who underwent the most recently performed
open surgical repairs as an unmatched con-
trol group. May et al (12) included all patients
who underwent elective repair during the
study period, resulting in an endovascular re-
pair group that had 46 high-risk patients who
were considered to be unfit for open surgery
and an open surgical repair group that had 19
high-risk patients who were considered to be
anatomically unsuitable for endovascular re-
pair. Scharrer-Palmer et al (6) included all pa-
tients who underwent elective repair during
the study period. Patients underwent endo-
vascular repair if they fulfilled the anatomic
requirements. Treharne et al (7) included all
patients who underwent elective repair dur-
ing the study period. Patients underwent
open surgical repair if they were aged 65 years
or younger and had no specific indications
for endovascular repair (eg, hostile abdomen)
or had unsuitable arterial anatomy for endo-
vascular repair. Zarins et al (14) included only
patients who were potential candidates for
endovascular repair. The open surgical repair
group was created by allowing the institu-
tions to perform endovascular repair only af-
ter they had enrolled five control subjects
who were treated with open surgical repair.
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