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he term “evidence-based medicine” was first coined by
ackett and colleagues1 as “the conscientious, explicit
nd judicious use of current best evidence in making
ecisions about the care of individual patients.” The key
o practicing evidence-based medicine is applying the
est current knowledge to decisions in individual pa-
ients. Medical knowledge is continually and rapidly ex-
anding and it is impossible for an individual clinician
o read all of the medical literature. For clinicians to
ractice evidence-based medicine, they must have the
kills to read and interpret the medical literature so that
hey can determine the validity, reliability, credibility
nd utility of individual articles. These skills are known
s critical appraisal skills. Generally, critical appraisal re-
uires that the clinician have some knowledge of biosta-
istics, clinical epidemiology, decision analysis and eco-
omics as well as clinical knowledge.
The Canadian Association of General Surgeons and

he American College of Surgeons jointly sponsors a
rogram entitled “Evidence-Based Reviews in Surgery
EBRS),” supported by an educational grant from Ethi-
on Inc and Ethicon Endo Surgery Inc. The primary
bjective of this initiative is to help practicing surgeons
mprove their critical appraisal skills. During the aca-
emic year, 8 clinical articles are chosen for review and
iscussion. They are selected not only for their clinical
elevance to general surgeons but also because they cover
spectrum of issues important to surgeons; for example,
ausation or risk factors for disease, natural history or

rognosis of disease, how to quantify disease (measure-

onventional open repair?
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ent issues), diagnostic tests and the diagnosis of dis-
ase, and the effectiveness of treatment. Both method-
logic and clinical reviews of the article are performed by
xperts in the relevant areas and posted on the EBRS
ebsite. Also, a listserve discussion is held where partic-

pants can discuss the monthly article. Fellows and can-
idates of the College can access Evidence Based Re-
iews in Surgery through the American College of
urgeons website (www.facs.org). All journal articles and
eviews are available electronically through the website.
urrently we have a library of 40 articles and reviews
hich can be accessed at any time. Each October a new

et of articles will be available each month until May.
urgeons who participate in the current (modules) pack-
ges can receive CME credits by completing a series of

CQ. For further information about EBRS the reader
s directed to the ACS website or should email the ad-

inistrator, Marg McKenzie (email: mmckenzie@mtsinai.
n.ca).

In addition to making the reviews available
hrough the ACS and CAGS websites, 4 of the reviews
re published in condensed versions in the Canadian
ournal of Surgery and the other four will be published
n the Journal of the American College of Surgeons each
ear.

EFERENCE

. Evidence Based Medicine Working Group. Evidence-based med-

icine. JAMA 1992;268:2420–2425.
ELECTED ARTICLE
ndovascular Aneurysm Repair versus Open
epair in Patients with Abdominal Aortic
neurysm (EVAR trial 1): Randomized
ontrolled Trial
var Trial Participants. Lancet 2005;365:2179–2186.

eviewed by
obin McLeod, MD, Julie Frieschlag, MD, Paul Petrasek,
D, for Members of the Evidence-Based Reviews in

urgery Group.

BSTRACT
uestion: What is the long term all cause mortality of

ndovascular aneurysm repair (EVAR) compared with
esign: Randomized controlled trial.

etting: Thirty four hospitals in the United Kingdom
roficient in EVAR technique.

atients: One thousand eighty two patients aged 60
ears or older, who had aneurysms of at least 5.5cm in
iameter and were suitable candidates for EVAR or open
epair.

ntervention: EVAR (n � 543) or open repair
n � 539).

ain Outcomes Measure: All cause mortality. Sec-
ndary outcomes were aneurysm-related mortality, rate
f postoperative complications, need for re-intervention,

RQL and hospital costs.

ISSN 1072-7515/07/$32.00
doi:10.1016/j.jamcollsurg.2006.12.027

http://www.facs.org
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506 Evidence-Based Reviews in Surgery J Am Coll Surg
esults: Ninety four percent (1017/1082) patients
omplied with their allocated treatment and 209 died by
he end of the 4 year follow-up (53 of aneurysm related
auses). The all cause mortality was similar in both
roups (about 28%, hazard ratio 0.90, 95% CI 0.69–
.18 P � 0.46), however there was a reduction in aneu-
ysm related deaths in the EVAR group 4% vs. 7%; (hazard
atio 0.55, 0.31–0.96, P � 0.04). Postoperative complica-
ions were observed in 41% in the EVAR group vs. 9% of
he open repair group (hazard ratio 4.9, 3.5–6.8, P �
.0001). After 12 months there was no significant differ-
nce in the HRQL between the two groups. The mean
ospital costs were £3311 higher in the EVAR group.

onclusions: The EVAR offers no advantage with re-
pect to all cause mortality and HRQL is more expensive
nd leads to greater number of complications and re-
nterventions. There is, however, a 3% decrease in
neurysm-related mortality.

ommentary: Endovascular aneurysm repair was first
escribed by Parodi in 1991 and has gained acceptance
s an alternative treatment for elective aneurysm repair.
he procedure prevents aneurysm rupture by placing a

abric-covered metal stent through an aneurysm, attach-
ng it to the normal caliber aorta above and the iliac
rteries below the dilated segment. The aneurysm is left
n place, but sealed from hemodynamic stresses by the
tent graft. Because the stent is placed by femoral artery
ut-down, EVAR avoids laparotomy so there are no sud-
en changes in cardiac afterload (the aorta is never
lamped) and blood loss is minimal (the aorta is never
pened). Because EVAR leaves an aneurysm in place, the
rocedure can fail if there is persistent blood flow and
ressure in the aneurysm around the stent. Such blood
low, termed “endoleak,” is the primary mechanism of
tent graft failure and can occur if there is inadequate seal
f the stent to the native circulation, back-bleeding
hrough branch arteries arising from an aneurysm or
isconnection of modular segments of the multi-piece
tent graft. Critical aortic dimensions, including length,
iameter, and angulation of the aneurysm neck and iliac
rteries and the diameter at the aortic bifurcation has
een studied to provide guidance to surgeons who must
ecide if an aneurysm is anatomically eligible for EVAR.
fter implementation, long term surveillance is neces-

ary to detect endoleak and potential complications such
s stent fracture component separation or fatigue or

tent migration. The anatomic criteria specified by each w
ndovascular device manufacturer allow a surgeon to
ecide if an aneurysm is suitable for EVAR with a low
robability of early endoleak. Long-term post-operative
urveillance of all EVAR patients is required to watch for
ate endoleak. Late post-operative imaging will show di-

inishment of AAA diameter in most cases of successful
VAR. Progressive AAA enlargement after EVAR or vis-

ble contrast in an aneurysm sac, however, indicates an
ndoleak, and the risk of a future aneurysm rupture is
igh. Most endoleaks can be corrected by secondary in-
erventions including implantation of further sealing
tents or coil embolization of branch arteries back bleed-
ng into an AAA sac.

The EVAR trial 1 was designed to compare mortality,
urability, health related quality of life, and costs after
pen AAA repair and EVAR. The authors conducted a
andomized controlled trial where 1082 patients were
andomized to either of the two treatments. Patients
ere included if they were over 60 years of age and had a
AA greater than 5.5cm, were deemed suitable for en-
ovascular treatment, and medically fit for conven-
ional, open surgery. Interventions were performed at
ne of 34 hospitals in the United Kingdom that met
inimum criteria for expertise in endovascular repair.
egular follow up was scheduled for patients in both
roups. After 4 years follow-up, the authors found that
ll cause mortality was similar in both groups although
here was a persistent reduction in aneurysm-related
eaths in the EVAR group due to a decreased risk of
eath post procedure. The proportion of patients having
omplications was higher in the EVAR group compared
o the open repair group (41% vs. 9%). There was a
egligible difference in HRQL between the two groups
ut mean hospital costs were higher in the EVAR group.
Overall, the methodologic quality of this trial is quite

ood. The inclusion criteria were appropriate; generally
ost vascular surgeons would use endograft placement

n older patients only because of the increased number of
ostoperative interventions needed over time. The table
f baseline characteristics is included in an earlier pub-
ication, and revealed no differences in average aneurysm
iameter, cardiovascular risk factors, or preoperative pa-
ameters in the two groups. Those under 60 theoretically
ould need more interventions if they survived a longer
eriod of time. The sample size was based on all cause
ortality rate of 7.5% per year of follow-up, and an

ssumption that a 2.5% reduction in all cause mortality

ould be clinically important. In fact, mortality at 4
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ears was 29% in the open vs. 26% in the EVAR group.
andomization was performed using a permuted block

equence and stratified by centre, but details of alloca-
ion concealment were not well described. Data colla-
ion was centralized, but trained trial coordinators over-
aw data collection at each included centre. Mortality
utcomes were collected through the Office for National
tatistics: patients who were included in the trial were
lagged at the time of randomization so that their mor-
ality status would be captured. An outcomes assessment
ommittee, to whom patient allocation was not re-
ealed, also reviewed outcomes. The loss to follow up
as minimal: 5 patients in total, 3 in the open group and
in the endovascular group. All cause mortality and

neurysm-related mortality were reported using an in-
ention to treat analysis; complications and secondary
nterventions were reported using a per protocol analy-
is, and no intention to treat analysis was provided. The
hoice of a general, rather that disease-specific health
elated quality of life scale was used, which was justified
y the lack of validated instruments in the AAA popu-
ation. Cost assumptions, specific to the health care sys-
em in the United Kingdom, are described in detail.

The authors of this study concluded that because of
quivocal results, all cause mortality, and health-related
uality of life (HRQL), EVAR offers no advantage over
pen AAA repair because of it being more expensive and
ssociated with more complications and a need for more
nterventions. Based on these results, EVAR may offer
ittle advantage over open repair for the fit patient with a
ow perioperative risk. But there are some limitations to
his study. First, the primary outcome measure was all
ause mortality. Most patients with AAA have cardiac
nd respiratory co-morbidities that shorten their
ifespans independent of their aneurysmal disease. It is
ot unexpected that beyond the perioperative period,
he mortality of AAA patients was similar in both
roups. This is supported by the fact that more than
2% of deaths after 30 days in both groups were not
neurysm related. Even after four years, AAA-related
ortality was lower in the EVAR group and while this

vent rate is lower than all cause mortality and therefore,
f it were the primary outcome a larger study would have
een required, it is probably the more meaningful out-
ome measure.

A second limitation of the study relates to the descrip-

ion and ascertainment of complications after both pro- e
edures. The complication rate may have been higher in
he EVAR group at least in part because some of the
omplications listed in Table 3 are EVAR specific and
ot pertinent to open surgery. As well, the EVAR group
ad more intense follow-up which, by itself, may have
esulted in the detection of more complications. On the
ther hand, however, the follow-up imaging protocol for
he EVAR group in this study was less vigilant than that
ollowed by most surgeons currently and recommended
y graft manufacturers. For example, a CT scan was not
erformed before hospital discharge nor was one per-
ormed between 3 and 12 months. This less intensive
ollow-up regimen may account for some of the early
raft related complications. Overall there was a high rate
f reintervention in the EVAR patients, compared with
he rates reported in other studies. Approximately 30%
f patients required reintervention for complications at
 years post EVAR in this study, more than double the
ate of reinter vention repor ted in the DREAM trial,1 a
ontemporary large randomized controlled trial com-
aring EVAR to open repair where the reintervention
ate was less than 5% per year. Although only centers
hat had experience with at least 20 EVAR procedures
ere eligible for participation, this threshold of experi-

nce may have been inadequate.
The literature now suggests that an endovascular spe-

ialist must perform a minimum of 60 procedures before
he rate of peri-procedural complications falls below
0% and the inter val between procedures should not
xceed 10 days in order to maintain exper tise.2 Not only
ould the threshold of 20 procedures, specified before a
entre could participate in the trial, be inadequate but if
ne averages the number of EVAR procedures per-
ormed in patients in the trial in the 34 participating
enters, it is approximately 15 cases over the four year
rial enrollment.

These problems are often those seen in surgical trials
erformed to compare a new technology to a standard
reatment. By definition, experience with the new tech-
ology will be limited and almost always individual ex-
erience with the procedure increases over time. Addi-
ionally, modifications in the technology and the
echnique are made over time so that the results obtained
n the trial might not be relevant by the time the trial is
ompleted. This is a quandary faced by surgeons who
ant to evaluate a new technique-performing a study
arly in its development may bias the results against the
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ew technology; a delay in performing a trial may result
n widespread acceptance of the new technique or tech-
ology and eliminate the possibility of performing a
rial. Thus, in this trial, it is not surprising that the com-
lication rates are higher than those observed currently
nd that patient selection, follow-up regimens, and in-
ications for reintervention differ from those that are
ccepted currently.

While there are limitations to this trial, it is one of
nly two that attempt to compare the outcome of EVAR
o open surgery in a rigorous manner. It suggests that
VAR provides perioperative benefit compared with
onventional open repair.3 Ongoing follow-up of this
ohort of patient will provide information about the
urability of EVAR and the results of the trial will also
ssists in planning future trials.
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