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Why randomized controlled trials do not always

reflect reality
Kosmas I. Paraskevas, MD, PhD,a Gert J. de Borst, MD, PhD, FEBVS,b and Frank J. Veith, MD, FACS,c,d

London, United Kingdom; Utrecht, The Netherlands; New York, NY; and Cleveland, Ohio
ABSTRACT
Objective: Randomized controlled trials (RCTs) constitute level I evidence and are used as the backbone of guidelines
and recommendations for treatment. Although RCTs are theoretically the studies of choice for the assessment of the
effectiveness of health care interventions, these trials (and their interpretation) may sometimes result in erroneous
conclusions, erroneous therapeutic decisions, and incorrect recommendations. We aimed to check the applicability of
the results of RCTs to everyday practice.

Methods: We reviewed the literature for studies comparing the results of RCTs with observational or population-based
studies in the field of vascular surgery, focusing on two specific topics: the results of carotid artery stenting vs carotid
endarterectomy for the management of carotid artery stenosis; and the results of open surgical repair vs endovascular
aneurysm repair for the management of ruptured abdominal aortic aneurysms.

Results: We found considerable discrepancy in the results of RCTs with real-life registries and observational studies in
both topics. In the management of carotid artery stenosis, observational studies reported worse outcomes after carotid
artery stenting compared with carotid endarterectomy. Regarding ruptured abdominal aortic aneurysms, population-
based studies reported better results for endovascular aneurysm repair compared with open repair. In contrast, RCTs
in both topics reported similar results for the two procedures.

Conclusions: There is evidence that RCTs sometimes do not reflect clinical reality and are therefore potentially
misleading to the reader. Every RCT has to be interpreted and applied carefully using complete available evidence and
good clinical judgment. (J Vasc Surg 2019;-:1-8.)

Keywords: Randomized controlled trials; Methodology; Guidelines; Ruptured abdominal aortic aneurysm; Carotid artery
stenosis
Randomized controlled trials (RCTs) are considered the
optimal way to evaluate scientifically the effectiveness of
a treatment or to compare two different treatment mo-
dalities.1,2 Theoretically, the randomization process
ensures that the two groups compared are equal in all
conditions and vary only in the treatment they receive.1,2

Consequently, RCTs are deemed to provide the highest
order of evidence in medicine (level I), and their results
are relied on in writing guidelines and publishing treat-
ment recommendations. But how appropriate is this?
Although RCTs are theoretically the studies of choice

for the assessment of the effectiveness of health care in-
terventions, RCTs (and their interpretation) may result in
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erroneous conclusions, erroneous therapeutic decisions,
and incorrect recommendations. Flaws, such as obso-
lesce and bad end points, may apply even to good trials.
Even more so, relevant flaws probably apply to all RCTs,
even for good trials published in the best journals. Poorly
designed RCTs have consequently more flaws. More crit-
ical is the “spinning” of the good trial results to reach
misleading conclusions (eg, the spinning of the Carotid
Revascularization Endarterectomy versus Stenting Trial
[CREST]3 in the American Heart Association/American
Stroke Association [AHA/ASA] guidelines4 by equating
stroke and death to minor biochemical myocardial
infarctions).
This article analyzes and compares the results of RCTs

with those of nonrandomized observational studies on
two specific topics: the results of carotid endarterectomy
(CEA) vs carotid artery stenting (CAS) for the treatment of
carotid artery stenosis; and the results of open surgical
repair (OSR) vs endovascular aneurysm repair (EVAR) in
the management of patients with ruptured abdominal
aortic aneurysms (rAAAs). These two specific topics
were selected because of the robust evidence from
both RCTs and observational studies in these two areas.
However, the discrepancy between the results of RCTs
and the results of real-life studies applies not only to
the management of rAAAs and the treatment of carotid
artery stenosis but also to several other fields. This anal-
ysis will show that RCTs may not always reflect reality
1
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and may ultimately be misleading. Consequently, they
must be interpreted by physicians after recognizing their
flaws and limitations. We will therefore make the case
that the RCT-based data should be put in perspective
together with other relevant data and good clinical judg-
ment in establishing guidelines.

METHODS
PubMed/MEDLINE was reviewed until September 1,

2018, for studies comparing the results of RCTs with
observational or population-based studies in the field of
vascular surgery, focusing on two specific topics: the
results of CAS vs CEA for the management of carotid
artery stenosis; and the results of OSR vs EVAR for the
management of rAAAs.
The keywords used for the first search were “carotid

endarterectomy AND carotid artery stenting” (2480
results). The keywords used for the second search were
“endovascular aneurysm repair AND ruptured abdominal
aortic aneurysm AND open repair” (1180 results). Only
reports in English were considered. Case reports and
letters were not considered.

RESULTS
Carotid artery stenosis: RCTs vs observational and

population-based studies. CREST reported that the
primary end point between CEA and CAS did not differ
between symptomatic and asymptomatic patients with
carotid artery stenosis.3 Based largely on these CREST3

results, the 20114 as well as the revised 20145 AHA/ASA
guidelines recommended CAS as an “alternative” to CEA
in patients with symptomatic carotid artery stenosis,
provided the periprocedural stroke/death rate is <6%.
Some concerns regarding the validity of CREST3 and

the AHA/ASA guidelines4 have been previously raised.
The AHA/ASA4 guidelines stated that CAS and CEA
were equally safe, largely based on CREST,3 thereby
ignoring the carefully conducted International Carotid
Stenting Study (ICSS),6 which is still the largest RCT on
symptomatic patients (published 4 months before
CREST3) and which should have been considered in the
formulation of these recommendations.7

The composite end point in CREST3 consisted of
unequal parts (stroke, myocardial infarction, or death
during the periprocedural period or any subsequent ipsi-
lateral stroke during 4 years of follow-up). This masked
the significantly higher stroke rates associated with
CAS.8 Furthermore, although CREST was initially
designed to randomize only symptomatic patients,
halfway into the trial, it was decided to include asymp-
tomatic patients as well because of difficulties in recruit-
ment. As CREST3 reported the composite end point of
combined symptomatic and asymptomatic patients,
this unfairly improved CAS results.8 In reality (but hidden
for the inexperienced reader), the CREST symptomatic
subgroup revealed the same significant worse outcome
for CAS compared with CEA as seen in the ICSS trial (inci-
dence of stroke, death, or procedural myocardial infarc-
tion for CAS compared with CEA: 8.5% vs 5.2%,
respectively; hazard ratio, 1.69; 95% confidence interval
[CI], 1.16-2.45; P ¼ .006).6 Newspapers in the United States
adopted the CREST conclusions and reported that stent-
ing was equally effective to surgery for all patients with
carotid artery stenosis.9,10 In retrospect, one can observe
a cascade of flaws from trial conduction to newspaper
interpretation: the carefully designed CREST trial
changed randomization rules because of recruitment
issues and concluded without adjusting for this protocol
change; guidelines used only the RCT data that “fit” the
message that should be brought, whereas media adop-
ted this nonresilient message apparently without
criticism.
The inclusion and exclusion criteria and operator skills

used in excellent so-called landmark RCTs often do not
apply to “real-world” clinical practice. Of the six available
multicenter RCTs comparing CEA vs CAS,3,6,11-14 only
half6,13,14 included exclusively symptomatic patients
(Table I), whereas the other half3,11,12 included a combina-
tion of symptomatic and asymptomatic patients.
Furthermore, the study designs of these RCTs were
flawed on the definitions of the symptomatic status of
patients and variable delays between symptoms and
timing of treatment. Patients were considered symptom-
atic when they had suffered a neurologic event within
4 months,13 6 months,3,11,14 or even 12 months6 before
randomization. The benefit of CEA or CAS, however, is
maximum when the procedure is performed within
2 weeks of the occurrence of neurologic symptoms and
decreases rapidly with time.15 For this reason, interna-
tional guidelines currently recommend CEA and CAS
within 2 weeks of neurologic symptoms.4,5,16 It is
unavoidable that all of these RCTs3,6,11-14 are essentially
flawed and obsolete because of improvements in medi-
cal and interventional treatments.17 Any study conduct-
ed during an earlier period would suffer from the same
obsolescence factors, not just RCTs. Furthermore, studies
of any design are limited to the devices available
contemporaneously to study conduct. As a result, their
conclusions are no longer applicable. A list of the
different flaws and weakness in RCTs that can render
them less applicable or invalid is shown in
Supplementary Table I (online only).
A study investigating the association of time between

the qualifying ischemic event and treatment (0-7 days,
8-14 days, and >14 days) with the risk of stroke or death
after CAS or CEA in a pooled analysis of data from three
RCTs6,13,14 showed that patients undergoing CAS within
the first 7 days of the qualifying event had almost
fourfold higher periprocedural stroke or death rates
compared with those undergoing CEA (9.4% vs 2.8%,
respectively; crude risk ratio [RR], 3.79; 95% CI, 1.1-13.1;
P ¼ .03).18 The risk was less (although the difference



Table I. Inclusion criteria in multicenter randomized controlled trials (RCTs) comparing carotid endarterectomy (CEA) vs
carotid artery stenting (CAS)

RCT Inclusion criteria

CAVATAS11
d Neurologic symptoms <6 months before randomization (452/504 patients [90%])

d Neurologic symptoms >6 months before randomization (36/504 patients [7%])

d Asymptomatic (16/504 patients [3%])

SAPPHIRE12
d Only 29.9% of CAS and only 27.7% of CEA patients were symptomatica

EVA3-S13
d Neurologic symptoms <120 days before enrollment

SPACE14
d Neurologic symptoms <6 months before randomization

ICSS6
d Neurologic symptoms <12 months before randomization

CREST3 d Neurologic symptoms <6 months before randomization

d 47.1% of CAS and 47.3% of CEA patients were asymptomatic

CAVATAS, Carotid and Vertebral Artery Transluminal Angioplasty Study; CREST, Carotid Revascularization Endarterectomy versus Stenting Trial; EVA3-S,
Endarterectomy Versus Angioplasty in patients with Symptomatic Severe Carotid Stenosis; ICSS, International Carotid Stenting Study; SAPPHIRE,
Stenting and Angioplasty with Protection in Patients at High Risk for Endarterectomy; SPACE, Stent-Protected Angioplasty versus Carotid
Endarterectomy.
aNot specified how long they had their symptoms before the procedure.
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was still significant) when they had the procedure 8 to
14 days after the qualifying event (8.1% vs 3.4% for CAS
vs CEA, respectively; crude RR, 2.42; 95% CI, 1.0-5.7;
P ¼ .04) or >14 days later (7.3% vs 4.0% for CAS vs CEA,
respectively; crude RR, 1.82; 95% CI, 1.3-2.6; P ¼ .001).18

Besides the flaws listed in Supplementary Table I (on-
line only), interventionalists and surgeons participating
in the most recent RCTs3,6,13,14 had to perform a specific
number of procedures to prove their expertise before be-
ing allowed to participate in the trial (Table II). It could be
argued that this could have introduced an unrepresenta-
tive selection bias. In the real world, a registry including
>21,000 CEA or CAS procedures showed that the
median annual volume of CAS procedures/physician in
2010 to 2012 was 1.5 (interquartile range, 1-3) compared
with a median of 3 (interquartile range, 1-7.3) for CEA.19

The purposeful selection of the most experienced physi-
cians to participate in an RCT is not a new finding.
Almost 30 years ago, the Executive Committee of the
Asymptomatic Carotid Atherosclerosis Study (ACAS)
established specific numerical criteria for surgeons
participating in the study.20 In this way, they approved
only the most experienced 117 of the 164 applicants.20

Furthermore, by use of inclusion and exclusion (“high-
risk”) criteria, up to a third of eligible carotid patients
were excluded. Consequently, RCT outcomes do not
guide treatment in all our patients in daily clinical
practice. It is not appropriate to generalize the results
of carefully conducted RCTs with specific inclusion and
exclusion criteria to the general population and in all
centers irrespective of their experience. Specific centers
of excellence may achieve better results than the ones
reported in RCTs, whereas other less experienced hospi-
tals may achieve considerably worse outcomes. Finally,
all earlier RCTs have their own inherent drawbacks and
flaws (eg, obsolete stents,13,14 inclusion of patients who
were at high risk for CEA but not necessarily for CAS,12
inclusion of large percentage of asymptomatic patients
[47%3-71%12]). These inherent flaws and weaknesses limit
the generalizability of the results of RCTs and their appli-
cation to each and every individual patient encountered
in everyday clinical practice.
In contrast to CREST,3 which showed no difference in

outcomes between CAS and CEA, a systematic review
of the literature for studies reporting real-life outcomes
after CAS and CEA (n ¼ 21 registries involving
>1,500,000 procedures) demonstrated that stroke/death
rates after CAS were significantly higher than after CEA in
11 of 21 registries (52%) for asymptomatic patients and in
11 of 18 registries (61%) for symptomatic patients.21

Furthermore, CAS was associated with stroke/death rates
that exceeded the risk thresholds recommended by the
AHA/ASA guidelines4,5 in 9 of the 21 registries (43%) for
asymptomatic patients and 13 of the 18 registries (72%)
for symptomatic patients. In 5 of these 18 registries
(28%), the procedural risk with CAS for symptomatic pa-
tients exceeded 10%. Finally, there was no trend for these
stroke/death rates to improve with time.21 The difference
in outcomes between observational studies and the RCT
CREST3 is alarming as it suggests that the excellent
outcomes with CAS reported in CREST3 are not repli-
cated in everyday clinical practice. Clearly, observational
and population-based studies are also not ideal and
suffer from selection bias, administrative data, and
potential confounding. These studies may also be het-
erogeneous as they include all-comers and do not have
specific selection criteria.

rAAAs: RCTs vs observational and population-based
studies. Three RCTs have compared EVAR vs OSR for
the treatment of rAAAs.22-24 All three RCTs demon-
strated similar 30-day and 1-year mortality rates for the
two modes of treatment (Table III).22-24 These results,
however, are different from the results of a total of 18



Table II. Prerequisites for vascular surgeons and interventionalists before being allowed to participate in a randomized
controlled trial (RCT)

RCT Prerequisites for center enrollment to the RCT

EVA3-S13 $25 CEA and $12 CAS procedures (or $35 stenting procedures in the supra-aortic trunks, of which $5 are
in the carotids) in the year before enrollment

SPACE14 $25 CEA and $25 CAS procedures before the trial

ICSS6 $50 CEA and $50 stenting procedures ($10 CAS)

CREST3 20 CEA and 20 CAS procedures during the lead-in phase

CAS, Carotid artery stenting; CAVATAS, Carotid and Vertebral Artery Transluminal Angioplasty Study; CEA, carotid endarterectomy; CREST, Carotid
Revascularization Endarterectomy versus Stenting Trial; EVA3-S, Endarterectomy Versus Angioplasty in patients with Symptomatic Severe Carotid
Stenosis; ICSS, International Carotid Stenting Study; SPACE, Stent-Protected Angioplasty versus Carotid Endarterectomy.

Table III. Results from recent randomized controlled trials (RCTs) comparing endovascular aneurysm repair (EVAR) vs open
surgical repair (OSR) for the management of ruptured abdominal aortic aneurysms (rAAAs)

Study (year) Study design Outcome

AJAX23 (2013) Randomization of 116 rAAA patients
to OSR (n ¼ 59) or EVAR (n ¼ 57)

Primary end point (30-day death/severe complications rate): 42%
(EVAR) vs 47% (OSR); ARR, 5.4%; 95% CI, e13% to þ23%

30-day mortality: 21% (EVAR) vs 25% (OSR); ARR, 4.4%; 95%
CI, e11% to þ20%

30-day and in-hospital mortality: 28% (EVAR) vs 29% (OSR);
ARR, 0.7%; 95% CI, e16% to þ17%

IMPROVE22 (2014) Randomization of 613 rAAA patients
to EVAR (n ¼ 316) or OSR (n ¼ 297)

Overall 30-day mortality: 35.4% (EVAR) vs 37.4% (OSR); P ¼ .62

30-day mortality for men: 35% (EVAR) vs 32% (OSR);
P ¼ not significant

30-day mortality for women: 37% (EVAR) vs 57% (OSR); P ¼ .02

ECAR24 (2014) Randomization of 107 rAAA patients
to OSR (n ¼ 51) or EVAR (n ¼ 56)

30-day mortality: 19.6% (EVAR) vs 24.0% (OSR); P ¼ .239

AJAX, Amsterdam Acute Aneurysm trial; ARR, absolute risk reduction; CI, confidence interval; ECAR, Endovasculaire ou Chirurgie dans les Anevrysmes
aorto-iliaques Rompus; IMPROVE, Immediate Management of Patients with Rupture: Open Versus Endovascular repair.
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observational single-center or multicenter population-
based studies25-42 (190,115 rAAAs; 159,694 OSR and
30,421 EVAR procedures) and 6 meta-analyses.43-48 All 18
observational studies reporting real-life outcomes with
rAAAs demonstrated lower perioperative, in-hospital,
and 30-day mortality rates for EVAR compared with
OSR (Supplementary Table II, online only).25-42 In line
with these findings, all six meta-analyses reported
significantly lower perioperative, in-hospital, and 30-day
mortality rates and overall mean length of hospitaliza-
tion and complication rates for EVAR compared with
OSR (Supplementary Table III, online only).43-48

Some of the reasons for the discrepancies between the
results of RCTs22-24 and those of population-based
studies25-42 and meta-analyses43-48 include inherent lim-
itations of the RCTs themselves because of a large num-
ber of strict inclusion and exclusion criteria (Table IV).
First of all, roughly four of five rAAA patients were
excluded from these trials.22-24 In the Amsterdam Acute
Aneurysm (AJAX) trial,23 404 of the 520 (77.7%) patients
presenting with an rAAA were excluded. Similarly, in
the French Endovasculaire ou Chirurgie dans les
Anevrysmes aorto-iliaques Rompus (ECAR) trial,24 only
107 of the 524 (20.4%) potential rAAA patients were ran-
domized; 301 OSR and 116 EVAR patients (79.6%) were
excluded. In the larger Immediate Management of Pa-
tients with Rupture: Open Versus Endovascular Repair
(IMPROVE) trial,22 less than half of the patients present-
ing with an rAAA were randomized to OSR or an EVAR
strategy; although 613 patients with a diagnosis of rAAA
were randomized either to an EVAR strategy (n ¼ 316)
or to OSR (n ¼ 297), an additional 652 possible rAAA pa-
tients were excluded for various reasons.22 Another major
flaw in the trial was that <50% of the patients who were
initially randomized to an EVAR strategy (n ¼ 154 of 316)
were actually treated by EVAR.22

These issues raise concerns about the validity of the
main conclusions of these RCTs22-24 and the general
applicability of the recommendations based on these tri-
als. All RCTs22-24 had the flaw of excluding hypotensive or
unstable rAAA patients, who were either treated by OSR
or not offered any treatment. Such high-risk patients,
however, are the ones most likely to benefit from EVAR
compared with OSR.49 Thus, exclusion of these high-



Table IV. Limitations in recent randomized controlled trials (RCTs) on ruptured abdominal aortic aneurysms (rAAAs)20-22

Study (year) Limitations

AJAX23 (2013) Only 116 of 520 (22%) rAAA patients were randomized

240 excluded because of unfavorable anatomy for EVAR

71 patients not evaluated with CTA

54 patients not referred to a trial center

16 patients unfit for OSR

11 patients excluded because of logistics

7 patients excluded because of severe hemodynamic instability after CTA

5 patients refused surgery

8 EVAR patients were converted to OSR because of iliac access
failure (n ¼ 3) or persisting endoleak (n ¼ 5)

IMPROVE22 (2014) Only 613 of the 1275 (49%) patients admitted with a diagnosis of rAAA were eventually
randomized to EVAR or OSR.

Of the 316 patients randomized to EVAR, only 154 underwent EVAR.

Of the 297 patients randomized to OSR, only 220 underwent OSR.

Of the 613 patients, 55 patients (33 in the EVAR group and 22 in the OSR group)
did not have an rAAA but other unrelated disease.

ECAR24 (2015) Considered only hemodynamically stable patients (systolic blood pressure >80 mm Hg)
with rAAA anatomy suitable for EVAR (proximal aortic neck length >10 mm, diameter
of proximal aortic neck <32 mm, angulation of proximal aortic neck <32 mm, iliac arteries
without severe narrowing or tortuosity)

Operator prerequisite: 15 EVARs

The hardware for the endovascular procedure should be in the operating room.

Only 20% of patients presenting with rAAA were eligible for this study.

AJAX, Amsterdam Acute Aneurysm trial; CTA, computed tomography angiography; ECAR, Endovasculaire ou Chirurgie dans les Anevrysmes aorto-
iliaques Rompus; EVAR, endovascular aneurysm repair; IMPROVE, Immediate Management of Patients with Rupture: Open Versus Endovascular
repair; OSR, open surgical repair.
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risk patients may have precluded these trials from
demonstrating any decreased mortality advantage of
EVAR over OSR.49

Patients registered in observational studies do not
always comply with the strict exclusion and inclusion
criteria of patients participating in RCTs. Thus, it often
becomes necessary to select the most appropriate ther-
apeutic approach for each individual patient based on
certain anatomic and physiologic criteria or according
to the local expertise and available tools and personnel.
Finally, all these RCTs and studies do not reflect current
best practice that can be achieved in certain centers of
excellence.

CONCLUSIONS
Properly done RCTs are still the “gold standard” in

medicine. Although pragmatic well-performed RCTs
are valuable in some settings of the vascular surgical
and interventional field, they can be misleading and
subject to flaws and misinterpretation. The several
reasons that RCTs may be misleading17 include the
following:

Design flaws or strict exclusion and inclusion criteria.
These lead to poor or unrepresentative selection of
patients. Consequently, the results of the RCT do not
apply to real-world clinical practice. Although the
conclusions are valid only for a specific subgroup, they
are often “used” for application in a broad population.
Inadequate (or, inversely, considerable) experience or
competence of operators in RCTs. Once again, the results
of the RCT do not apply to real-world clinical practice
and clinicians who are more (or, inversely, less)
competent.
Unrecognized author biases and inappropriate primary
end points. These lead to inappropriate conclusions,
which can be further misinterpreted by other authors
and news media, possibly on the basis of their biases,
rendering the RCTs even more misleading.
Improvements over time in technique, technology, and
operator experience or skill. These render the results of
an RCT obsolete or invalid.
Incorrect editorial summary or conclusion by journals or
editors or newspapers.

Because of these reasons, RCTs themselves and inter-
pretation of RCT results often reach erroneous or unjusti-
fied conclusions. This applies to RCTs focusing on not
only the management of rAAAs or carotid artery stenosis
(as discussed here as examples) but also many other
topics. It is necessary to keep in mind that RCTs often
have inherent weaknesses (eg, patient selection). Spin-
ning the results of RCTs to reach misleading conclusions
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to comply with physicians’ (but not patients’) interests is
a feared risk, even of good RCTs.
Industry should not be involved in the design and

performance of RCTs as there is a financial conflict of
interest. Patient and outcomes selection should be
carefully planned to avoid the risk of “lumping” heteroge-
neous patients together and oversimplifying conclusions,
which are then inappropriately applied to an array of
clinical situations. As a result of constantly evolving physi-
cian expertise and industry innovations, RCTs are often
already obsolete as soon as they are published.17 It
should be better to understood that RCT outcomes
account for only a small part of the patients clinicians
have to deal with on a daily basis. By keeping in mind
the limitations and possible flaws and biases that RCTs
can have, clinicians should be able to interpret and use
them optimally for the care of patients.17

An essential prerequisite of RCTs is “external validation,”
that is, the results obtained in real-life studies closely
replicated those from RCTs.50 Although RCTs are not
always perfect, the process of randomization ensures
minimization of selection bias. A possible way forward
may be the introduction of prospective, randomized
controlled clinical registries.50 Careful planning, outcome
and patient selection, and reporting of outcomes are
essential to ensure minimization of selection and report-
ing bias in both RCTs and observational studies. There is
a need for pragmatic trials with broad entry criteria or
even comprehensive cohort studies with both random-
ized and registry components.

AUTHOR CONTRIBUTIONS
Conception and design: KP
Analysis and interpretation: KP, GB, FV
Data collection: KP
Writing the article: KP
Critical revision of the article: KP, GB, FV
Final approval of the article: KP, GB, FV
Statistical analysis: Not applicable
Obtained funding: Not applicable
Overall responsibility: KP

REFERENCES
1. Deeks JJ, Dinnes J, D’Amico R, Sowden A, Sakarovitch C,

Song F, et al; International Stroke Trial Collaborative Group;
European Carotid Surgery Trial Collaborative Group. Evalu-
ating non-randomised intervention studies. Health Technol
Assess 2003;7:1-173.

2. D’Agostino RB, Kwan H. Measuring effectiveness. What to
expect without a randomized control group. Med Care
1995;33:AS95-105.

3. Brott TG, Hobson RW 2nd, Howard G, Roubin GS, Clark WM,
Brooks W, et al; CREST Investigators. Stenting versus end-
arterectomy for treatment of carotid-artery-stenosis. N Engl
J Med 2010;363:11-23.

4. Brott TG, Halperin JL, Abbara S, Bacharach JM, Barr JD,
Bush RL, et al; American College of Cardiology Foundation/
American Heart Association Task Force on Practice
Guidelines, American Stroke Association; American Associ-
ation of Neuroscience Nurses, American Association of
Neurological Surgeons, American College of Radiology,
American Society of Neuroradiology, Congress of Neuro-
logical Surgeons, Society of Atherosclerosis Imaging and
Prevention, Society for Cardiovascular Angiography and
Interventions, Society of Interventional Radiology, Society of
NeuroInterventional Surgery, Society for Vascular Medicine,
Society for Vascular Surgery, American Academy of
Neurology and Society of Cardiovascular Computed
Tomography. 2011 ASA/ACCF/AHA/AANN/AANS/ACR/ASNR/
CNS/SAIP/SCAI/SIR/SNIS/SVM/SVS guideline on the man-
agement of patients with extracranial carotid and vertebral
artery disease. Stroke 2011;42:e464-540.

5. Kernan WN, Ovbiagele B, Black HR, Bravata DM,
Chimowitz MI, Ezekowitz MD, et al; American Heart Associ-
ation Stroke Council, Council on Cardiovascular and Stroke
Nursing, Council on Clinical Cardiology, and Council on Pe-
ripheral Vascular Disease. Guidelines for the prevention of
stroke in patients with stroke and transient ischemic attack:
a guideline for healthcare professionals from the American
Heart Association/American Stroke Association. Stroke
2014;45:2160-236.

6. International Carotid Stenting Study Investigators, Ederle J,
Dobson J, Featherstone RL, Bonati LH, van der Worp HB, de
Borst GJ, et al. Carotid artery stenting compared with end-
arterectomy in patients with symptomatic carotid stenosis
(International Carotid Stenting Study): an interim analysis of
a randomised controlled trial. Lancet 2010;375:985-97.

7. Naylor AR. Letter by Naylor regarding article, “Guidelines for
the prevention of stroke in patients with stroke or transient
ischemic attack: a guideline for healthcare professionals
from the American Heart Association/American Stroke
Association.” Stroke 2011;42:e385.

8. Paraskevas KI, Mikhailidis DP, Liapis CD, Veith FJ. Critique of
the Carotid Revascularization Endarterectomy versus
Stenting Trial (CREST): flaws in CREST and its interpretation.
Eur J Vasc Endovasc Surg 2013;45:539-45.

9. Rabin RC. Study finds stents effective in preventing strokes.
The New York Times. Available at: http://www.nytimes.com/2
010/02/27/health/27stroke.html February 27, 2010. Accessed
August 29, 2018.

10. Snowbeck C. Stroke study finds neck stents to be safe,
effective alternative to surgery. Pioneer Press; February 26,
2010. Updated November 12, 2015. Available at: https://www.
twincities.com/2010/02/26/stroke-study-finds-neck-stents-
to-be-safe-effective-alternative-to-surgery/. Accessed August
29, 2018.

11. Endovascular versus surgical treatment in patients with
carotid stenosis in the Carotid and Vertebral Artery Trans-
luminal Angioplasty Study (CAVATAS): a randomised trial.
Lancet 2001;357:1729-37.

12. Yadav JS, Wholey MH, Kuntz RE, Fayad P, Katzen BT,
Mishkel GJ, et al; Stenting and Angioplasty with Protection
in Patients at High Risk for Endarterectomy Investigators.
Protected carotid-artery stenting versus endarterectomy in
high-risk patients. N Engl J Med 2004;351:1493-501.

13. Mas JL, Chatellier G, Beyssen B, Branchereau A, Moulin T,
Becquemin JP, et al; EVA-3S Investigators. Endarterectomy
versus stenting in patients with symptomatic severe carotid
stenosis. N Engl J Med 2006;355:1660-71.

14. SPACE Collaborative Group, Ringleb PA, Allenberg J,
Brückmann H, Eckstein HH, Fraedrich G, Hartmann M, et al.
30 day results from the SPACE trial of stent-protected an-
gioplasty versus carotid endarterectomy in symptomatic
patients: a randomised non-inferiority trial. Lancet 2006;368:
1239-47.

http://refhub.elsevier.com/S0741-5214(19)30209-5/sref1
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref1
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref1
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref1
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref1
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref2
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref2
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref2
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref3
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref3
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref3
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref3
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref4
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref4
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref4
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref4
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref4
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref4
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref4
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref4
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref4
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref4
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref4
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref4
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref4
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref4
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref4
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref4
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref4
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref5
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref5
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref5
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref5
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref5
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref5
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref5
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref5
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref5
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref6
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref6
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref6
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref6
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref6
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref6
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref7
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref7
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref7
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref7
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref7
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref8
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref8
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref8
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref8
http://www.nytimes.com/2010/02/27/health/27stroke.html
http://www.nytimes.com/2010/02/27/health/27stroke.html
https://www.twincities.com/2010/02/26/stroke-study-finds-neck-stents-to-be-safe-effective-alternative-to-surgery/
https://www.twincities.com/2010/02/26/stroke-study-finds-neck-stents-to-be-safe-effective-alternative-to-surgery/
https://www.twincities.com/2010/02/26/stroke-study-finds-neck-stents-to-be-safe-effective-alternative-to-surgery/
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref11
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref11
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref11
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref11
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref12
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref12
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref12
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref12
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref12
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref13
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref13
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref13
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref13
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref14
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref14
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref14
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref14
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref14
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref14


Journal of Vascular Surgery Paraskevas et al 7

Volume -, Number -
15. Rothwell PM, Eliasziw M, Gutnikov SA, Warlow CP,
Barnett HJ; Carotid Endarterectomy Trialists Collaboration.
Endarterectomy for symptomatic carotid stenosis in relation
to clinical subgroups and timing of surgery. Lancet 2004;363:
915-24.

16. Naylor AR, Ricco JB, de Borst GJ, Debus S, de Haro A,
Halliday A, et al. Editor’s choicedmanagement of athero-
sclerotic carotid and vertebral artery disease: 2017 Clinical
Practice Guidelines of the European Society for Vascular
Surgery (ESVS). Eur J Vasc Endovasc Surg 2018;55:3-81.

17. Veith FJ. How can good randomized controlled trials in
leading journals be so misinterpreted? J Vasc Surg 2013;57:
3S-7S.

18. Rantner B, Goebel G, Bonati LH, Ringleb PA, Mas JL,
Fraedrich G; Carotid Stenting Trialists’ Collaboration. The risk
of carotid artery stenting compared with carotid endarter-
ectomy is greatest in patients treated with 7 days of symp-
toms. J Vasc Surg 2013;57:619-26.

19. Choi JC, Johnston SC, Kim AS. Early outcomes after carotid
artery stenting compared with endarterectomy for asymp-
tomatic carotid stenosis. Stroke 2015;46:120-5.

20. Moore WS, Young B, Baker WH, Robertson JT, Toole JF,
Vescera CL, et al. Surgical results: a justification of the
surgeon selection process for the ACAS trial. The ACAS
Investigators. J Vasc Surg 1996;23:323-8.

21. Paraskevas KI, Kalmykov EL, Naylor AR. Stroke/death rates
following carotid artery stenting and carotid endarterec-
tomy in contemporary administrative dataset registries: a
systematic review. Eur J Vasc Endovasc Surg 2016;51:3-12.

22. IMPROVE trial investigators, Powell JT, Sweeting MJ,
Thompson MM, Ashleigh R, Bell R, Gomes M, et al. Endo-
vascular or open repair strategy for ruptured abdominal
aortic aneurysm: 30 day outcomes from IMPROVE rando-
mised trial. BMJ 2014;348:f7661.

23. Reimerink JJ, Hoornweg LL, Vahl AC, Wisselink W, van der
Broek TA, Legemate DA, et al; Amsterdam Acute Aneurysm
Trial Collaborators. Endovascular repair versus open repair of
ruptured abdominal aortic aneurysms: a multicenter
randomized controlled trial. Ann Surg 2013;258:248-56.

24. Desgranges P, Kobeiter H, Katsahian S, Bouffi M, Gouny P,
Favre JP, et al; ECAR Investigators. Editors choicedECAR
(Endovasculaire ou Chirurgie dans les Anevrysmes aorto-
iliaques Rompus): a French randomized controlled trial
of endovascular versus open surgical repair of ruptured
aorto-iliac aneurysms. Eur J Vasc Endovasc Surg 2015;50:
303-10.

25. Greco G, Egorova N, Anderson PL, Gelijns A, Moskowitz A,
Nowygrod R, et al. Outcomes of endovascular treatment of
ruptured abdominal aortic aneurysms. J Vasc Surg 2006;43:
453-9.

26. Giles KA, Pomposelli FB, Hamdan AD, Wyers MC,
Schermerhorn ML. Comparison of open and endovascular
repair of ruptured abdominal aortic aneurysms from the
ACS-NSQIP 2005-07. J Endovasc Ther 2009;16:365-72.

27. Giles KA, Hamdan AD, Pomposelli FB, Wyers MC,
Dahlberg SE, Schermerhorn ML. Population-based out-
comes following endovascular and open repair of ruptured
abdominal aortic aneurysms. J Endovasc Ther 2009;16:
554-64.

28. McPhee J, Eslami MH, Arous EJ, Messina LM, Schanzer A.
Endovascular treatment of ruptured abdominal aortic
aneurysms in the United States (2001-2006): a significant
survival benefit over open repair is independently associated
with increased institutional volume. J Vasc Surg 2009;49:
817-26.

29. Davenport DL, O’Keefe SD, Minion DJ, Sorial EE, Endean ED,
Xenos ES. Thirty-day NSQIP database outcomes of open
versus endoluminal repair of ruptured abdominal aortic
aneurysms. J Vasc Surg 2010;51:305-9.

30. Holt PJ, Karthikesalingam A, Poloniecki JD, Hinchliffe RJ,
Loftus IM, Thompson MM. Propensity scored analysis of
outcomes after ruptured abdominal aortic aneurysms. Br J
Surg 2010;97:496-503.

31. Mandawat A, Mandawat A, Sosa JA, Muhs BE, Indes JE.
Endovascular repair is associated with superior clinical out-
comes in patients transferred for treatment of ruptured
abdominal aortic aneurysms. J Endovasc Ther 2012;19:88-95.

32. Park BD, Azefor N, Huang CC, Ricotta JJ. Trends in treatment
of ruptured abdominal aortic aneurysm: impact of endo-
vascular repair and implications for future care. J Am Coll
Surg 2013;216:745-54.

33. Mohan PP, Hamblin MH. Comparison of endovascular and
open repair of ruptured abdominal aortic aneurysm in the
United States in the past decade. Cardiovasc Intervent
Radiol 2014;37:337-42.

34. Edwards ST, Schermerhorn ML, O’Malley AJ, Bensley RP,
Hurks R, Cotterill P, et al. Comparative effectiveness of
endovascular versus open repair of ruptured abdominal
aortic aneurysm in the Medicare population. J Vasc Surg
2014;59:575-82.

35. Gupta PK, Ramanan B, Engelbert TL, Tefera G, Hoch JR,
Kent KC. A comparison of open surgery versus endovascular
repair of unstable ruptured abdominal aortic aneurysms.
J Vasc Surg 2014;60:1439-45.

36. Karthikesalingam A, Holt PJ, Vidal-Diez A, Ozdemir BA,
Poloniecki JD, Hinchliffe RJ, et al. Mortality from ruptured
abdominal aortic aneurysms: clinical lessons from a com-
parison of outcomes in England and the USA. Lancet
2014;383:963-9.

37. Dua A, Kuy S, Lee CJ, Upchurch GR Jr, Desai SS. Epidemi-
ology of aortic aneurysm repair in the United States from
2000 to 2010. J Vasc Surg 2014;59:1512-7.

38. Speicher PJ, Barbas AS, Mureebe L. Open versus endovas-
cular repair of ruptured abdominal aortic aneurysms. Ann
Vasc Surg 2014;28:1249-57.

39. Ali MM, Flahive J, Schanzer A, Simons JP, Aiello FA,
Doucet DR, et al. In patients stratified by preoperative risk,
endovascular repair of ruptured abdominal aortic aneu-
rysms has a lower in-hospital mortality and morbidity than
open repair. J Vasc Surg 2015;61:1399-407.

40. Robinson WP, Schanzer A, Aiello FA, Flahive J, Simons JP,
Doucet DR, et al. Endovascular repair of ruptured abdominal
aortic aneurysms does not reduce later mortality compared
with open repair. J Vasc Surg 2016;63:617-24.

41. Portelli Tremont JN, Cha A, Dombrovskiy VY, Rahimi SA.
Endovascular repair for ruptured abdominal aortic aneu-
rysms has improved outcomes compared to open surgical
repair. Vasc Endovascular Surg 2016;50:147-55.

42. Tan TW, Eslami M, Rybin D, Doros G, Zhang WW, Farber A.
Outcomes of endovascular and open surgical repair of
ruptured abdominal aortic aneurysms in elderly patients.
J Vasc Surg 2017;66:64-70.

43. Antoniou GA, Georgiadis GS, Antoniou SA, Pavlidis P,
Maras D, Sfyroeras GS, et al. Endovascular repair for ruptured
abdominal aortic aneurysm confers an early survival benefit
over open repair. J Vasc Surg 2013;58:1091-105.

44. Qin C, Chen L, Xiao YB. Emergent endovascular vs. open
surgery repair for ruptured abdominal aortic aneurysms: a
meta-analysis. PLoS One 2014;9:e87465.

45. Thomas DM, Hulten EA, Ellis ST, Anderson DM, Anderson N,
McRae F, et al. Open versus endovascular repair of abdom-
inal aortic aneurysm in the elective and emergent setting in
a pooled population of 37,781 patients: a systematic review
and meta-analysis. ISRN Cardiol 2014;2014:149243.

http://refhub.elsevier.com/S0741-5214(19)30209-5/sref15
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref15
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref15
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref15
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref15
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref16
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref16
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref16
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref16
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref16
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref17
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref17
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref17
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref18
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref18
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref18
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref18
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref18
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref19
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref19
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref19
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref20
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref20
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref20
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref20
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref21
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref21
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref21
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref21
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref22
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref22
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref22
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref22
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref22
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref23
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref23
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref23
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref23
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref23
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref24
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref24
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref24
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref24
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref24
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref24
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref24
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref25
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref25
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref25
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref25
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref26
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref26
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref26
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref26
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref27
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref27
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref27
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref27
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref27
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref28
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref28
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref28
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref28
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref28
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref28
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref29
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref29
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref29
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref29
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref30
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref30
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref30
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref30
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref31
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref31
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref31
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref31
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref32
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref32
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref32
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref32
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref33
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref33
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref33
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref33
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref34
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref34
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref34
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref34
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref34
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref35
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref35
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref35
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref35
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref36
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref36
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref36
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref36
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref36
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref37
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref37
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref37
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref38
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref38
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref38
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref39
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref39
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref39
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref39
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref39
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref40
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref40
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref40
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref40
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref41
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref41
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref41
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref41
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref42
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref42
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref42
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref42
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref43
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref43
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref43
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref43
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref44
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref44
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref44
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref45
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref45
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref45
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref45
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref45


8 Paraskevas et al Journal of Vascular Surgery
--- 2019
46. van Beek SC, Conijn AP, Koelemay MJ, Balm R. Editor’s
choicedendovascular aneurysm repair versus open repair
for patients with a ruptured abdominal aortic aneurysm: a
systematic review and meta-analysis of short-term survival.
Eur J Vasc Endovasc Surg 2014;47:593-602.

47. Luebke T, Brunkwall J. Risk-adjustedmeta-analysis of 30-day
mortality of endovascular versus open repair for ruptured
abdominal aortic aneurysms. Ann Vasc Surg 2015;29:845-63.

48. Zhang S, Feng J, Li H, Zhang Y, Lu Q, Jing Z. Open surgery
(OS) versus endovascular aneurysm repair (EVAR) for
hemodynamically stable and unstable ruptured abdominal
aortic aneurysm (rAAA). Heart Vessels 2016;31:1291-302.
49. Veith FJ, Rockman CB. The recent randomized trials of EVAR
versus open repair for ruptured abdominal aortic aneurysms
are misleading. Vascular 2015;23:217-9.

50. Paraskevas KI, Naylor AR. External validation of randomized
trial outcomes following carotid interventions in the mod-
ern era. Angiology 2017;68:669-74.
Submitted Nov 29, 2018; accepted Jan 31, 2019.

Additional material for this article may be found online
at www.jvascsurg.org.

http://refhub.elsevier.com/S0741-5214(19)30209-5/sref46
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref46
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref46
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref46
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref46
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref47
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref47
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref47
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref48
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref48
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref48
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref48
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref49
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref49
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref49
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref50
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref50
http://refhub.elsevier.com/S0741-5214(19)30209-5/sref50
http://www.jvascsurg.org/


Supplementary Table I (online only). Flaws and weakness in randomized controlled trials (RCTs) that render them less
applicable or invalid

Flaw or weakness CAVATAS11 SAPPHIRE12 EVA3-S13 SPACE14 CREST3 ICSS6

Treatment under evaluation/technology/patient selection improves

Poor or unrepresentative patient selection

Inadequate experience or competence of operators

Imperfect randomization

Questionable applicability to reality

Idiosyncratic flaws: delays in randomization/application of treatment

Imperfect population randomized

Inappropriate primary end points

CAVATAS, Carotid and Vertebral Artery Transluminal Angioplasty Study; CREST, Carotid Revascularization Endarterectomy versus Stenting Trial; EVA3-
S, Endarterectomy Versus Angioplasty in patients with Symptomatic Severe Carotid Stenosis; ICSS, International Carotid Stenting Study; SAPPHIRE,
Stenting and Angioplasty with Protection in Patients at High Risk for Endarterectomy; SPACE, Stent-Protected Angioplasty versus Carotid
Endarterectomy.
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Supplementary Table II (online only). Mortality rates in population-based studies comparing the outcomes of endovas-
cular aneurysm repair (EVAR) vs open surgical repair (OSR) for the management of ruptured abdominal aortic aneurysms
(rAAAs)

Study (year) No. of rAAAs (procedures) Outcome

Greco25 (2006) 5798 rAAAs (290 EVAR; 5508 OSR) In-hospital mortality: 39.3% (EVAR) vs 47.7% (OSR); P ¼ .005

Giles26 (2009) 567 rAAAs (121 EVAR; 446 OSR) 30-day mortality: 24% (EVAR) vs 36% (OSR); P < .05

Giles27 (2009) 28,429 rAAAs (2323 EVAR; 26,106 OSR) In-hospital mortality: 32.6% (EVAR) vs 41.5% (OSR); P < .001

McPhee28 (2009) 27,750 rAAAs (3179 EVAR; 24,571 OSR) In-hospital mortality: 31.7% (EVAR) vs 40.7% (OSR); P < .0001

Davenport29 (2010) 427 rAAAs (99 EVAR; 328 OSR) 30-day mortality: 22.2% (EVAR) vs 37.2% (OSR); P ¼ .003

Holt30 (2010) 4414 rAAAs (335 EVAR; 4079 OSR) In-hospital mortality: 32.2% (EVAR) vs 47.4% (OSR); P < .001

Mandawat31 (2012) 271 rAAAs (64 EVAR; 207 OSR) In-hospital mortality: <18% (EVAR) vs 35.7% (OSR); P < .01

Park32 (2013) 16,557 rAAAs (3796 EVAR; 12,761 OSR) In-hospital mortality: 27.38% (EVAR) vs 40.96% (OSR); P < .0001

Mohan33 (2014) 42,126 rAAAs (8140 EVAR; 33,986 OSR) In-hospital mortality: 25.9% (EVAR) vs 39.1% (OSR); P < .001

Edwards34 (2014) 10,998 rAAAs (1126 EVAR; 9872 OSR) Perioperative mortality: 33.8% (EVAR) vs 47.7% (OSR); P < .001

Gupta35 (2014) 1447 rAAAs (499 EVAR; 948 OSR) 30-day mortality: 23.6% (EVAR) vs 39.3% (OSR); P < .0001

Karthikesalingam36

(2014)
UK: 6877 rAAAs (589 EVAR; 6308 OSR) In-hospital mortality (UK): 31.58% (EVAR) vs 42.72% (OSR);

P < .001

U.S.: 19,174 rAAAs (4003 EVAR; 15,171 OSR) In-hospital mortality (U.S.): 26.84% (EVAR) vs 45.57% (OSR);
P < .001

Dua37 (2014) 11,288 rAAAs (1750 EVAR; 9538 OSR) In-hospital mortality: 27% (EVAR) vs 41% (OSR); P < .001

Speicher38 (2014) 1997 rAAAs (614 EVAR; 1383 OSR) 30-day mortality: 26.2% (EVAR) vs 38.5% (OSR); P < .001

Ali39 (2015) 1165 rAAAs (514 EVAR; 651 OSR) In-hospital mortality: 25% (EVAR) vs 33% (OSR); P ¼ .001

Robinson40 (2016) 1282 rAAAs (590 EVAR; 692 OSR) In-hospital mortality: 23% (EVAR) vs 35% (OSR); P < .001

Portelli Tremont41

(2016)
8480 rAAAs (1939 EVAR; 6541 OSR) In-hospital mortality: 28.4% (EVAR) vs 43.8% (OSR); P < .001

Tan42 (2017) 1048 rAAAs (450 EVAR; 598 OSR) 30-day mortality: 33% (EVAR) vs 47% (OSR); P < .001

8.e2 Paraskevas et al Journal of Vascular Surgery
--- 2019



Supplementary Table III (online only). Results of meta-analyses comparing the outcomes of endovascular aneurysm
repair (EVAR) vs open surgical repair (OSR) for the management of ruptured abdominal aortic aneurysms (rAAAs)

Meta-analysis (year) No. of studies and procedures Outcome

Antoniou43 (2013) 41 studies In-hospital mortality: 30% (EVAR) vs 42% (OSR); P < .01

8201 EVAR; 51,740 OSR Cardiac complications: 14% (EVAR) vs 16% (OSR); P ¼ .05

Respiratory complications: 6% (EVAR) vs 11% (OSR); P < .01

Acute renal failure: 16% (EVAR) vs 26% (OSR); P < .01

Qin44 (2014) 18 studies Perioperative mortality (EVAR vs OSR): OR, 0.62; 95% CI, 0.58-0.67; P < .001

13,231 EVAR; 127,476 OSR Overall mean length of hospitalization (EVAR vs OSR): e5.25 days; 95%
CI, e9.23 to e1.26; P < .010

Thomas45 (2014) 11 studies 30-day mortality (EVAR vs OSR): OR, 0.11; 95% CI, 0.10-0.12; P < .0001

3491 EVAR; 12,669 OSR

van Beek46 (2014) 32 studies RCTs: pooled OR for death (EVAR vs OSR): 0.90; 95% CI, 0.65-1.24

3 RCTs; 21 observational
studies; 8 registriesa

Observational studies: pooled OR for death (EVAR vs OSR):
0.44; 95% CI, 0.37-0.53

Registries: pooled OR for death (EVAR vs OSR): 0.54; 95% CI, 0.47-0.62

Luebke47 (2015) 64 studies 30-day mortality: 26.59% (EVAR) vs 41.90% (OSR); P < .01

13,706 EVAR; 67,975 OSR

Zhang48 (2015) 48 studies In-hospital mortality: 29.9% (EVAR) vs 40.8% (OSR); OR, 0.59; 95% CI,
0.52-0.66; P < .01

9610 EVAR; 93,867 OSR

CI, Confidence interval; OR, odds ratio; RCTs, randomized controlled trials.
aA detailed presentation of the number of EVAR and OSR procedures was not provided.
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