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ABSTRACT

Objective: Randomized controlled trials (RCTs) constitute level | 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;m:1-8.)
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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."” Theoretically, the randomization process
ensures that the two groups compared are equal in all
conditions and vary only in the treatment they receive.'?
Consequently, RCTs are deemed to provide the highest
order of evidence in medicine (level 1), 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]® in the American Heart Association/American
Stroke Association [AHA/ASA] guidelines® 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
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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.” Based largely on these CREST®
results, the 2011“ as well as the revised 2014° 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 CREST® and
the AHA/ASA guidelines* have been previously raised.
The AHA/ASA* guidelines stated that CAS and CEA
were equally safe, largely based on CREST? thereby
ignoring the carefully conducted International Carotid
Stenting Study (ICSS).° which is still the largest RCT on
symptomatic patients (published 4 months before
CREST?) and which should have been considered in the
formulation of these recommendations.”

The composite end point in CREST® 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® 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 CREST® reported the composite end point of
combined symptomatic and asymptomatic patients,
this unfairly improved CAS results.® In reality (but hidden
for the inexperienced reader), the CREST symptomatic
subgroup revealed the same significant worse outcome
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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: 85% vs 5.2%,
respectively; hazard ratio, 1.69; 95% confidence interval
[CI],1.16-2.45; P = .006).° 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.”’® 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>%" only
half®™'* included exclusively symptomatic patients
(Table I), whereas the other half*""'? 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,” 6 months>'"'* or even 12 months® 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."” For this reason, interna-
tional guidelines currently recommend CEA and CAS
within 2 weeks of neurologic symptoms.*>'® It is
unavoidable that all of these RCTs*®"* are essentially
flawed and obsolete because of improvements in medi-
cal and interventional treatments."” 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 | (online only).

A study investigating the association of time between
the qualifying ischemic event and treatment (O-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
RCTs®"*'* 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 = .03)® The risk was less (although the difference
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Table I. Inclusion criteria in multicenter randomized controlled trials (RCTs) comparing carotid endarterectomy (CEA) vs

carotid artery stenting (CAS)

RCT Inclusion criteria

CAVATAS" ® Neurologic symptoms <6 months before randomization (452/504 patients [90%])
® Neurologic symptoms >6 months before randomization (36/504 patients [7%])
e Asymptomatic (16/504 patients [3%])

SAPPHIRE'? ® Only 29.9% of CAS and only 27.7% of CEA patients were symptomatic®

EVA3-S” ® Neurologic symptoms <120 days before enrollment

SPACE'“ ® Neurologic symptoms <6 months before randomization

ICSS® e Neurologic symptoms <12 months before randomization

CREST® ® Neurologic symptoms <6 months before randomization

® 471% 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.

2Not specified how long they had their symptoms before the procedure.

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, 242; 95% CI, 1.0-5.7;
P = .04) or >14 days later (7.3% vs 4.0% for CAS vs CEA,
respectively; crude RR, 1.82; 95% Cl, 13-2.6; P = .001)."®
Besides the flaws listed in Supplementary Table | (on-
line only), interventionalists and surgeons participating
in the most recent RCTs**"*' had to perform a specific
number of procedures to prove their expertise before be-
ing allowed to participate in the trial (Table I1). 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 15 (interquartile range, 1-3) compared
with a median of 3 (interquartile range, 1-7.3) for CEA."®
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.?® In this way, they approved
only the most experienced 117 of the 164 applicants.?®
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,' inclusion of patients who
were at high risk for CEA but not necessarily for CAS,'"?

inclusion of large percentage of asymptomatic patients
[479%°-71%'2]). 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.> 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 = 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
1N of 18 registries (61%) for symptomatic patients.”
Furthermore, CAS was associated with stroke/death rates
that exceeded the risk thresholds recommended by the
AHA/ASA guidelines*® 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.?' The difference
in outcomes between observational studies and the RCT
CREST® is alarming as it suggests that the excellent
outcomes with CAS reported in CREST® 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.???* All three RCTs demon-
strated similar 30-day and 1-year mortality rates for the
two modes of treatment (Table 111).2??* These results,
however, are different from the results of a total of 18
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Table Il. Prerequisites for vascular surgeons and interventionalists before being allowed to participate in a randomized
controlled trial (RCT)

SPACE'™

=25 CEA and =25 CAS procedures before the trial

CREST®

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

Table Ill. 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)

30-day mortality: 21% (EVAR) vs 25% (OSR); ARR, 4.4%; 95%
Cl, =11% to +20%

IMPROVE?? (2014) Randomization of 613 rAAA patients

to EVAR (n = 316) or OSR (n = 297)

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

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

observational single-center or multicenter population-
based studies”™“? (190115 rAAAs; 159,694 OSR and
30,421 EVAR procedures) and 6 meta-analyses.**“2 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).?**? 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 IlI, online only).***“®

Some of the reasons for the discrepancies between the
results of RCTs?*?* and those of population-based
studies?®“? and meta-analyses*™“® include inherent lim-
itations of the RCTs themselves because of a large num-
ber of strict inclusion and exclusion criteria (Table V).
First of all, roughly four of five rAAA patients were
excluded from these trials.*>** In the Amsterdam Acute
Aneurysm (AJAX) trial,?® 404 of the 520 (77.7%) patients
presenting with an rAAA were excluded. Similarly, in
the French Endovasculaire ou Chirurgie dans les

|24

Anevrysmes aorto-iliaques Rompus (ECAR) tria 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,?? 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 = 316)
or to OSR (n = 297), an additional 652 possible rAAA pa-
tients were excluded for various reasons.?? Another major
flaw in the trial was that <50% of the patients who were
initially randomized to an EVAR strategy (n = 154 of 316)
were actually treated by EVAR.??

These issues raise concerns about the validity of the
main conclusions of these RCTs???* and the general
applicability of the recommendations based on these tri-
als. All RCTs???* 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.*® Thus, exclusion of these high-
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)20 22

Study (year)

Limitations

AJAX? (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 = 3) or persisting endoleak (n = 5)

IMPROVE?? (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.

ECAR?* (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-
iliaqgues Rompus; EVAR, endovascular aneurysm repair; IMPROVE, Immediate Management of Patients with Rupture: Open Versus Endovascular

repair; OSR, open surgical repair.

risk patients may have precluded these trials from
demonstrating any decreased mortality advantage of
EVAR over OSR.*°

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 misleading'’ 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.” 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.”

An essential prerequisite of RCTs is “external validation,”
that is, the results obtained in real-life studies closely
replicated those from RCTs.*° 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.*® 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.
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Supplementary Table I (online only). Flaws and weakness in randomized controlled trials (RCTs) that render them less
applicable or invalid
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Supplementary Table Il (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)

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

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

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

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

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

Karthikesalingam®®  UK: 6877 rAAAs (589 EVAR; 6308 OSR) In-hospital mortality (UK): 31.58% (EVAR) vs 42.72% (OSR);
(2014) P < .001

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

Ali*? (2015) 1165 rAAAs (514 EVAR; 651 OSR) In-hospital mortality: 25% (EVAR) vs 33% (OSR); P = .001

Portelli Tremont*! 8480 rAAAs (1939 EVAR; 6541 OSR) In-hospital mortality: 28.4% (EVAR) vs 43.8% (OSR); P < .001
(2016)
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Supplementary Table Il (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)

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

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

13,231 EVAR; 127,476 OSR Overall mean length of hospitalization (EVAR vs OSR): —5.25 days; 95%
Cl, —9.23 to —1.26; P < .010

3491 EVAR; 12,669 OSR

3 RCTs; 21 observational Observational studies: pooled OR for death (EVAR vs OSR):
studies; 8 registries® 0.44; 95% ClI, 0.37-0.53

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

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