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Introduction: The use of an ‘eversion’ technique is not unequivocally proven to be superior to carotid endarterec-
tomy with patch angioplasty. An up-to-date systematic review is needed for evaluation of benefits and harms of
these two techniques.
Methods: RCTs comparing eversion technique versus endarterectomy with patch angioplasty in patients with a
symptomatic and significant (≥50 %) stenosis of the internal carotid artery were enrolled. Primary outcomes
were all-cause mortality rate, health-related quality of life and serious adverse events. Secondary outcomes in-
cluded 30-day stroke and mortality rate, (a) symptomatic arterial occlusion or restenosis, and adverse events
not critical for decision making.
Results: Four RCTswere includedwith 1272 surgical procedures for carotid stenosis; eversion technique n=643
and carotid endarterectomywith patch closure n=629.Meta-analysis comparing both techniques showed,with
a very low certainty of evidence, that eversion techniquemight decrease the number of patients with serious ad-
verse events (RR 0.47; 95% CI 0.34 to 0.64; p ≤ 0.01). However, no difference was found on the other outcomes.
TSA demonstrated that the required information sizes were far from being reached for these patient-important
outcomes. All patient-relevant outcomes were at low certainty of evidence according to GRADE.
Conclusions: This systematic review showed no conclusive evidence of any difference between eversion tech-
nique and carotid endarterectomy with patch angioplasty in carotid surgery. These conclusions are based on
data obtained in trials with very low certainty according to GRADE and should therefore be interpreted cau-
tiously. Until conclusive evidence is obtained, the standard of care according to ESVS guidelines should not be
abandoned.

© 2023 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Introduction

Carotid artery stenosis occurs due to atherosclerosis and was first
described as a pathologic substrate for ischemic diseases of the ipsilat-
eral brain and eye by C. Miller Fisher in 1951 [1]. Preventive manage-
ment of asymptomatic carotid artery stenosis includes antiplatelet
therapy, statins, antihypertensive medication, diabetic control, as well
as healthy lifestyle modifications [2–4]. Carotid endarterectomy (CEA)
is one of the preferred treatmentmodalities for patientswith symptom-
atic stenosis of the internal carotid artery [5], primarily based on the
European Carotid Surgery Trial (ECST) and the North American Symp-
tomatic Carotid Endarterectomy Trial (NASCET) [6–8].

Two frequently used surgical techniques in carotid surgery are: the
eversion technique (ET) and themore traditional CEA using a longitudi-
nal arteriotomy and patch angioplasty (CEAP). CEAP is suggested to re-
duce both the risks of restenosis and recurrent ipsilateral stroke [9].
After CEAP, restenosis > 50 % is seen in 6 %–36 % of patients during
long-term follow-up (Range: 1–120 months) [10–14] compared with
ET where restenosis > 50 % occurred in 1.7 %–2.5 % of patients during
long-term follow-up of at least 12 months (Range: 12–40 months)
[15]. The guideline of the ‘European Society of Vascular Surgery’
(ESVS) considers CEAwith patch angioplasty as the reference technique
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or ‘gold standard’ [8,16]. The choice between eversion or patched
endarterectomy should be left to the discretion of the operating sur-
geon. A disadvantage of the ET is the potential damage to the carotid
sinus nerve branches resulting in loss of the baroreceptor reflex
[17]. Loss of the baroreceptor reflex is associated with postoperative
hypertension, a risk factor for cerebral hyper perfusion syndrome
[17]. The sympathetic nerve trunk is another structure that may be
at risk when performing eversion technique, damage may result in
signs of Horner's syndrome (Fig. 1) [18]. Whereas CEAP using a lon-
gitudinal arteriotomy, the incision is in fact made parallel to these
nerve branches, probably reducing the risk of transection of these
nerve fibers.

A meta-analysis by Antonopoulos, included 6 randomized clini-
cal trials (RCTs) with 2790 operations in 2666 patients and com-
pared ET with CEAP and concluded that ET may reduce the risks of
perioperative stroke and long-term restenosis [19]. However, the
observed differences in intervention effects could also be explained
by several confounding factors and/or differential use of adjunctive
techniques, such as the use of perioperative transcranial Doppler
(TCD) monitoring, perioperative carotid pressure measurement,
electroencephalographic monitoring, selected (or standard) use of
shunting, regional or general anesthesia and variations in materials



Fig. 1. Schematic anatomy of carotid artery in neck. Superior cervical ganglion (ganglion cervicale superius) lies at the level of the bifurcation of common carotid artery into the external
carotid artery and the internal carotid artery. Illustration is re-used with permission of the publisher [18].
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used for patching, such as: autologous vein patch, synthetic, and bi-
ological [20–28].

The current guideline (ESVS) recommends performing ET instead of
primary closure of the arterial wall (class 1, Level A evidence). It is up to
the surgeon's preference to perform ET or CEAP (class 1, Level A evi-
dence). These two recommendations are based on one single review ar-
ticle by Cao et al. [15]. Patch closure of the arterial wall is recommended
over primary closure in the ESVS guideline. Our previous review com-
paring carotid endarterectomy with patch angioplasty versus primary
closure of the arterial wall showed no conclusive evidence of a differ-
ence between on all-cause mortality, <30-day mortality, <30-day
stroke, or any other serious adverse events [29].

To determinewhich of the surgical technique offers (more) benefits
and less harm, such as reduced mortality and stroke for patients with a
symptomatic and significant (≥50 %) stenosis of the internal carotid ar-
tery after ET or CEAP. It is important that all available evidence is evalu-
ated according to the risks of errors in a systematic review in line with
the Cochrane Handbook for Systematic Reviews of Interventions
[30,31]. This systematic review is needed because the different tech-
niques are both used in current practice and the use of ET is not un-
equivocally proven to be superior to carotid endarterectomy with
patch angioplasty. An addition to previous reviews is the use of Trial Se-
quential Analysis (TSA) to confirm or reject the meta-analyses results
[32].
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Methods

This reviewwas conducted according to our published protocol [33]
and was registered at PROSPERO (https://www.crd.york.ac.uk/
prospero/display_record.php?ID=CRD42019119361) [34], following
the recommendations of the ‘Cochrane Handbook for Systematic
Reviews of interventions’ [30] and is reported in line with the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
statement (www.prisma-statement.org) [35] and Assessing the meth-
odological quality of systematic reviews (AMSTAR) guidelines [36].
According to the AMSTAR 2 Checklist, (enclosed as supplementary
material) this review may be considered as a high-quality review. The
search was last updated on the 1st of April 2023.

Studies. Randomized clinical trials comparing ET versus CEAP, regard-
less of the type of patch material used, were included.

Patients. Patients with symptomatic and ≥50 % stenosis of the internal
carotid artery, as measured by computed tomographic angiography,
magnetic resonance angiography and/or duplex ultrasound, were eval-
uated for inclusion [6–8].

Experimental intervention. The experimental intervention was ET
(Fig. 2A and B).

https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42019119361
https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42019119361
http://www.prisma-statement.org
Image of Fig. 1


Fig. 2. Ways of reconstructing the carotid artery (bifurcation). CCA: common carotid artery, STA: superior thyroid artery, ECA: external carotid artery, ICA: internal carotid artery.
A: Transection of the internal carotid artery.
B: Reconstruction after the eversion technique.
C: Longitudinal arteriotomy.
D: Reconstruction of the longitudinal arteriotomy with patch angioplasty.
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Control intervention. The control intervention was CEAP with longitu-
dinal incision in the carotid artery. (Fig. 2C and D) [37]. Studies includ-
ing primary closure of the arterial wall in CEA patients were excluded.
Fig. 3.Outcomes prioritized according to importance to patients (critical for decisionmak-
ing) undergoing carotid surgery for symptomatic carotid stenosis (GRADE 2008).
*<30 days and long term (>30 days). GRADE: Grading of Recommendations, Assessment,
Development and Evaluation.
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Outcomes. The outcome measures were graded from the patients' per-
spective (GRADE Working Group 2008, Fig. 3) [38]. The number of pa-
tients with one or more complications were assessed rather than the
number of events, depending on the availability of data (to reduce the
risk for double counts).

Primary outcomes were defined as, all-cause mortality, serious ad-
verse events (SAE) andhealth-related quality of life. Secondary outcomes
were defined as, <30-day mortality rate, <30-day stroke rate, (a)symp-
tomatic (50 % to 99 %) arterial restenosis or occlusion, and non-serious
adverse events. Exploratory outcomes were separately reported (non)
SAE. A detailed description of the outcomes is found in the protocol.

Search strategy. TheCochrane Central Register of Controlled Trials (CEN-
TRAL [https://www.cochranelibrary.com/central]) in The Cochrane Li-
brary, PubMed/MEDLINE (https://pubmed.ncbi.nlm.nih.gov/), EMBASE
(https://www.embase.com) and other databases (such as Google Scholar
(https://scholar.google.com/) were searched (Fig. 4). References of the
identified trials were searched to identify any further relevant RCTs. We
also searched online trial registries [32]. The detailed search strategy is
added as Additional file 1. In each step of the selection, the publication
was included in any case of doubt. Double publications of trial results
were considered as one trial.

Data collection. Two authors independently performed the screening
and selected the trials for inclusion. Additional (or missing) data of
each trial were requested by contacting the authors repeatedly if
needed. Excluded trials and studies were listed with reasons for exclu-
sion. When disagreements occurred, a third author was approached to
reconcile. If there were any unclear or missing data, the corresponding
authors of the individual trials were contacted at least twice.

https://www.cochranelibrary.com/central
https://pubmed.ncbi.nlm.nih.gov/
https://www.embase.com
https://scholar.google.com/
Image of Fig. 2
Image of Fig. 3


Fig. 4. Flow diagram summarizing the search process and results of each phase of the systematic review. doi:https://doi.org/10.1371/journal.pmed1000097 (Moher 2009).
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Risk of bias assessment. Two authors assessed the risks of bias, without
masking for trial names [30,32]. When disagreements occurred, a co-
author was approached to reconcile.

Differences between the published review protocol and this paper.
Not all trials reported the numbers of patients with one ormore compli-
cations or a number of patients in each intervention group, therefore
meta-analysis was conducted based on the numbers of surgeries in-
stead of numbers of patients. In this scenario, the number of surgeries
were counted, hereby possibly underestimating the proportion of
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patients having a complication. Also, the degree of stenosis of each pa-
tient was not always specified in each trial. The lack of data and, unfor-
tunate, the very low response (one reply) from the corresponding
authors of the selected trial reportsmade us include all patients. This re-
sulted in an undefined mix of symptomatic and asymptomatic patients
thatwere included in this review. The threshold for surgery according to
the guidelines is a >50 % stenosis of the internal carotid artery. This
threshold was also used in all the trials that described asymptomatic
patients [39–41]. The outcome: health related quality of life was not an-
alyzed because none of the included the trials reported this outcome.

Image of Fig. 4
https://doi.org/10.1371/journal.pmed1000097
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Statistical methods. Meta-analyses were performed according to the
Cochrane Handbook for Systematic Reviews of Interventions [30]. The
software package Review Manager (RevMan) version 5.4.1 (2020)
was used [42]. Significance levels were adjusted due to multiplicity of
several outcomes. The results of each outcome were determinative for
the use of the intervention and requires an adjusted statistical signifi-
cance level (threshold). An alfa of 0.05/ ((1 + 3)/2) = 0.025 was
planned to use for the primary outcomes to keep the family wise error
rate (FWER) < 0.05. Because health related quality of life was not ana-
lyzed in the included trial reports, we chose to adjust maximal type I
error for each analyzed outcome to 0.05/ ((1 + 2)/2) = 0.033 % to pre-
serve a FWER of 0.05. For the secondary outcomeswe adjusted themax-
imal type I error allowable for each analyzed outcome to 0.017 = 0.05/
((5 + 1)/2) [43,44]. For exploratory outcomes, we considered a p
value < 0.05 as significant, because we viewed these outcomes as only
hypothesis-generating outcomes and not decisive for which technique
to recommend. For dichotomous variables, the risk ratio with TSA-
adjusted confidence interval (CI) were calculated. For continuous vari-
ables, the mean difference (MD) or the standardized mean difference
with 95 %CI were calculated.

Trial sequential analyses. Meta-analyses may result in type-I errors
and type-II errors due to an increased risk of random error when sparse
data are analyzed and due to repeated significance testing when a cu-
mulative meta-analysis is updated with new trials [45,46]. To assess
the risk of type-I and type-II errors, TSA was used. A detailed TSA de-
scription has been published in the protocol [32,45–47].

A random-effects model and a fixed-effect model were used for
meta-analysis in the presence of two or more trials included under the
outcomes. In case of discrepancy between the two models, both results
were reported. Considering the anticipated abundant clinical heteroge-
neity, the random-effects model was emphasized except if one or two
trials dominated the available evidence. The assumptions behind the
two models are different. However, we seldom know which assump-
tions are correct in each specific case. We chose to present the
random-effects model to reflect the weighted average between the re-
sults from different populations/trial methods and this average may
not apply to all situations.

Best-case scenario and worst-case scenario analysis. Some of the in-
cluded trials did not specify in which group an event occurred. Worst-
case/best-case scenarios for ET were made for the outcome ‘all-cause
mortality’ and ‘asymptomatic (50 %–99 %) arterial restenosis or occlu-
sion’. Best-case scenario ET is defined as all the events that occurred in
the CEAP group. Worst-case scenario ET is defined as all the events oc-
curred in the ET group.

GRADE. Summary of findings (SOF) Table (Additional file 2) were pro-
duced summarizing the results of the trials with overall low risk of
bias and for all trials, separately. Reasons for downgrading the quality
of the available evidence are: risk of bias evaluation of the included
bias domains, publication bias, heterogeneity, imprecision, and indirect-
ness (such as: length of hospital stay is a surrogate outcome measure)
[48–50]. We compared the imprecision assessed according to GRADE
with that of TSA [51]. No differences were found, and all (available) ev-
idence is graded at very low certainty.

Patient and public involvement. Patients and/or public were not di-
rectly involved in this study.

Results

Study selection. The search resulted in 21,044 hits (Fig. 4). Based on ti-
tles and abstracts 21,007 publications could be excluded. A total of 37
publications remained for full text evaluation from which 33 were ex-
cluded based on the protocol criteria. Finally, four publications
104



Fig. 5. risk of bias summary of all included trials, the eight criteria on the X-axis. Name of
first author and year of trial on Y-axis.+=adequate.−= inadequate. ?-mark=unclear.

M.S. Marsman, J. Wetterslev, P.W.H.E. Vriens et al. Surgery Open Science 13 (2023) 99–110
[39–41,52] describing 4 RCTs were included, published in the period
1994 to 2000. None of the included trials used a quasi-randomized de-
sign. Three trials [53–55] were found and also used in previous pub-
lished reviews, but were excluded from the current study due to the
three-armed design. We have contacted the authors of the trials re-
questing data of the subgroup (eversion technique versus CEA with
patch closure), but did not receive any response. Another paper [55] de-
scribed ET versus conventional CEA in carotid surgery but used patch-
and/or primary closure as one single arm. None of the included trials re-
ported about funding.

Patient characteristics and trial designs. Overall, the four included tri-
als randomized 1130 patients, in which 1272 surgical procedures for ca-
rotid stenosis were performed. There were 643 treated with ET 629
with CEAP. All four trials used similar inclusion criteria; the baseline char-
acteristics of the populations were comparable. Concerning the grade of
carotid stenosis, the trials reported inconsistently. The exclusion criteria
were more clearly reported and included concomitant surgery such as
coronary arterial bypass grafting, previous carotid surgery, small diameter
of the internal carotid artery (ICA) (<4 mm), and abnormal anatomy of
the ICA varied andwere sometimes not described (63). Patient character-
istics were not extensively described, but no imbalances in age or gender
were found (Tables 1 and 2). The number of patients and procedures dif-
fered (within the trial) because some patients were operated on both ca-
rotid arteries, sometimeswith different techniques on each side. The four
included trials used a two-armed parallel group design (ET versus CEAP).

Surgical interventions.All trials gave a description of the studied surgi-
cal techniques. ET versus CEAPwere performed as described in linewith
the description given in our protocol [33,34].

Risk of bias. The risk of bias of the included trials were assessed (Fig. 5).
None of the trials used any form of blinding, especially regarding out-
come assessment. In all four trials, one ormore out of seven bias compo-
nents were scored as unclear or at high risk of bias. Therefore, all trials
were classified at high risk of bias. All the available evidence was scored
at very low certainty according to GRADE (Additional File 2).

Primary outcomes
All-cause mortality

All trials reported on all-cause mortality. In the best-case-scenario,
the number of patients who died were: 109 patients (or 115 patients
in the worst-case scenario) for ET (eversion technique) (16.9 % to
17.9 %) compared with the CEAP group in which 111 patients (worst-
case scenario CEAP) or 105 (best-case scenario CEAP) (17.6 % to
16.7 %) died (Fig. 6A). In the meta-analysis, a moderate heterogeneity
was present (I2 43 % to 46 %; p = 0.16 and p = 0.13). The random-
effects model did not show statistically significant differences between
the ET and the CEAP group (RR 0.81; 95 % CI 0.48 to 1.38; p = 0.44)
with very low CoE in the best-case scenario for patch angioplasty
(Fig. 6B). In theworst-case scenario for patch angioplasty, also no signif-
icant difference was found (RR 0.96; 95 % CI 0.58 to 1.59; p = 0.88).

Serious adverse events
All trials reported serious adverse events after surgery. There were

56 SAEs reported (8.7 %) in the ET group versus 118 patients in the
Table 2
perioperative characteristics of randomized CEA patients with eversion technique versus CEAP

Author and year Anesthesia TCD

VanMaele 1994 General U
Balzer 2000 U Used
Ballotta 1999 General Used (preope
Ballotta 2000 General Used (preope

TCD= transcranial doppler. U = unknown.
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CEAP group (18.8 %). The meta-analysis (Fig. 7), showed a low hetero-
geneity (I2 7 %; p=0.36), and the random-effects model showed statis-
tically significant differences between the ET and the CEAP group (RR
0.47; 95 % CI 0.34 to 0.64; p ≤ 0.01) at very low CoE.

Health-related quality of life
None of the trials reported on quality of life.

Secondary outcomes

<30-day mortality rate. All trials reported on <30-day mortality after
surgery. There were 2 deaths reported (0.3 %) in the ET group versus 6
patients (0.9 %) in the CEAP group. Inmeta-analysis (Fig. 8), low hetero-
geneity was present (I2 0 %; p = 0.15), and the random-effects model
did not show a statistically significant difference between ET and CEAP
(RR 0.43; 95 % CI 0.09 to 1.95; p = 0.27) at very low CoE.
patients of all included trials.

Pressure assessment Shunt

U Selective
U Selective

rative) U Selective
rative) U Selective

Image of Fig. 5


Fig. 6. forest plot on all-cause mortality after ET or CEAP. Random-effects model.
A: forest plot on all-cause mortality. Best case scenario ET.
B: forest plot on all-cause mortality. Worst case scenario ET.

Fig. 7. forest plot on serious adverse events after ET or CEAP. Random-effects model.
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<30-day stroke rate. All trials reported on <30-day stroke after surgery.
There were 3 strokes reported (0.5 %) in the ET group versus 8 patients
with a stroke (1.3 %) in the CEAP group. In meta-analysis (Fig. 9), moder-
ate heterogeneitywas present (I2 47 %; p=0.15), and the random-effects
model did not show a statistically significant differences between ET and
CEAP (RR 0.48; 95 % CI 0.06 to 4.07; p= 0.50) at very low CoE.

Symptomatic (50 %–99 %) arterial restenosis or occlusion.Of the four trials
included, the Vanmaele trial [41] described three acute postoperative
internal carotid artery occlusions that were all symptomatic. Unfortu-
nately, they did not describe towhich group (ET or CEAP) these patients
Fig. 8. forest plot on <30-day stroke afte
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were allocated. The other three trials [39,40,52] did not describe any
symptomatic arterial restenosis nor occlusions. Because there is only
one trial that reported symptomatic occlusions postoperative and they
did not describe in which group these occlusions occurred. It was not
found useful to do a best- and worst-case scenario for three patients.

Asymptomatic (50 %–99 %) arterial restenosis or occlusion. All trials re-
ported on asymptomatic (50 %–99 %) arterial restenosis or occlusion.
In the best-case-scenario, 16 patients after ET (2.5 %) developed asymp-
tomatic (50 %–99 %) carotid arterial restenosis or occlusion compared
with 38 patients (6.0 %) in the CEAP group (worst-case scenario
r ET or CEAP. Random-effects model.

Image of Fig. 6
Image of Fig. 7
Image of Fig. 8


Fig. 9. forest plot on <30-day (procedure related) mortality after ET or CEAP. Random-effects model.
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CEAP). In the worst-case-scenario, 18 patients (or 18 patients in the
worst-case scenario) for ET (eversion technique) (2.8 %) had asymp-
tomatic (50 %–99 %) arterial restenosis or occlusion compared with 36
patients in the CEAP group (5.7 %) (Fig. 10A). Inmeta-analysis, substan-
tial heterogeneity was present (I2 67 % to 70 %; p=0.03 and p=0.02),
the random-effects model did not show statistically significant differ-
ence between the ET versus the CEAP group (RR 0.27; 95 % CI 0.06 to
1.17; p = 0.08) with very low CoE according to GRADE in the best-
case scenario for ET (Fig. 10B). In the worst-case scenario for ET, also
no significant difference was found (RR 0.38; 95 % CI 0.10 to 1.43;
p = 0.15) both outcomes at very low CoE.

Non-serious adverse events (exploratory outcomes)
None of the trials reported non-serious adverse events.
Funnel plots were not performed since <10 trials were included in

the meta-analysis.

Trial sequential analysis (TSA). When calculating the TSA scenarios
for point-estimates obtained in the meta-analysis we found for all
outcomes, except SAE, that none of the boundaries are surpassed.
TSA for the evaluation of the effect on SAE clearly demonstrate evi-
dence (disregarding risk of bias) for a 20 % RRI, as the z-curve breaks
through the boundary of benefit of ET. So, there is evidence for a
20 % RRR, but the effect may be higher as the estimate suggests a
RR of 0.47, which is more than a reduction to half of the SAEs
using ET.
Fig. 10. forest plot on asymptomatic restenosis ≥ 50 % or occlusion after ET or CEAP. Random-e
A: forest plot on asymptomatic restenosis ≥ 50 % or occlusion. Best case scenario ET.
B: forest plot on asymptomatic restenosis ≥ 50 % or occlusion. Worst case scenario ET.
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Subgroup analysis
None of the trials have overall low risk of bias and the subgroups de-

scribing different patch materials were not reported in detail, so it was
unclear howmany patients received autologous, synthetic or biological
patches.

Future trials
Based on the results of the meta-analysis and trial sequential analy-

sis recommendations for future trials are summed up in Table 3.

Discussion

We found no conclusive evidence between ET and CEAP in patients
with a (symptomatic and) significant (≥50 %) carotid stenosis on all
primary- and secondary outcomes. In this review serious adverse events
was the only outcome that showed a significant difference in favor for
ET. All other investigated outcomes suggest a favorable, not significant
trend towards ET. It needs to be emphasized that the outcomes, come
with a very low CoE based on risk of bias and risk of random errors
and should therefore be interpreted with care.

This finding fuels the need for one or more new RCTswith a low risk
of bias and large sample size comparing ET versus CEAP. Our TSA anal-
ysis showed that none of the boundaries are crossed, except SAE,
underlining the information size is extremely lower than required.
This is an important conclusion, which the traditional meta-analyses
were not able to draw.
ffects model.

Image of Fig. 9
Image of Fig. 10


Table 3
Checklist of recommendations for future randomized clinical trials comparing eversion
technique (ET) versus carotid endarterectomy with patch angioplasty (CEAP) in patients
with symptomatic and significant stenosis.

Checklist of recommendations for future trial(s) comparing ET versus CEAP

Item Recommendation

To get the evaluation of serious
adverse events (SAE) right

Count the number of patients with one or more
SAE, and not just the total number of SAE.

To prevent design error Compare one specific experimental
intervention to one specific control
intervention

To avoid bias Future trials should be protocolized according
to SPIRIT and be able to fulfill the CONSORT
statements [55]

To minimize risk of random
error

The sample size should exceed e.g., 2000a par-
ticipants in one or more future trials.

Comparison Outcome measures critical for decision making
according to the GRADE [37].

a In an attempt to bridge the information gap, a new trial should at least comprise as
many patients as the hitherto largest and that preferably several new trials will be needed
with at least as many patients as it takes to produce a boundary break through (boundary
for benefit, harm or futility) in the Trial Sequential Analysis, or to close the gap between
the required and the presently accrued information size.
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Missing data occurred in some of the included trials, therefore best/
worst case scenarios were used. For the outcome ‘all-cause mortality’ it
was unclear for six patients who died, in which group they were allo-
cated (ET or CEAP) [39]. For example, Vanmaele [41] described four pa-
tients (two in each group)whohad a 20–59% stenosis. The exact degree
of stenosis was missing. In theory this could be a 21 % stenosis or both
>50 % stenosis. For these missing data worst/best case scenarios were
done. The results of both scenarios for both outcomes (all-causemortal-
ity and re-stenosis) were not in favor of one of the two investigated
techniques. For future RCTs it is recommended to fulfill the reporting
guidelines such as Consolidated Standards of Reporting Trials statement
(CONSORT) and reduce the incidence of missing data [56].

A recent review from Paraskevas [57] compared ET with CEAP. They
concluded that ET is superior to CEAP on stroke, death, death/stroke and
late restenosis. However, when looking at their subgroup analysis of
RCT data comparing eversion technique with patch angioplasty only a
significant difference was found in the outcome neck hematoma. A po-
tential explanation for this difference between the review of Paraskevas
and ours is that different RCTs were included, we excluded for example
Markovic [54] due to the three-armed design in that study. They com-
pared ET with conventional CEA but two different techniques were
used within the conventional group (patch closure and primary clo-
sure) and there is no stratified data available. An assumption was
made that the choice between the two techniques was done when the
carotid artery was already exposed in the surgical field. Cao et al. [15]
conducted another review and concluded in their sub analysis that
therewas not a difference between ET and CEAP except for the outcome
arterial occlusion and restenosis. The incidence of these outcomes was
less in the ET group. The rate of restenosis is lower,maybedue to shorter
follow up within the ET group. In previous literature, the length of the
follow up for ET (Range: 12–40 months) [15] is shorter compared
with CEAP (Range: 1–120months) [10–14].We found that themajority
of the patients, included in this review, suffered from restenosis or oc-
clusion within the first 12 months after the surgery. The review of
Antonopoulos [19] found that ET may be associated with a lower inci-
dence in both short-term (perioperative stroke, perioperative mortality
and stroke-relatedmortality) and long-term (late mortality and late ca-
rotid artery occlusion) outcomes compared with CEAP. The reason for
the lower incidence could be explained by the fact that myointimal hy-
perplasia seems to be reduced when one oblique suture line is used in
ET instead of prosthetic material and two suture lines with CEAP. ET
could also offer a greater view of the interior of the ICA, by incision at
the bulb, which is a wider part of the carotid artery, and this may be as-
sociated with decreased possibility for re-stenosis [19]. A recent paper
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of Nolde et al. [58], regarding the possible blood pressure (BP) changes
after carotid surgery, described after ET [17], showed no statistically sig-
nificant long term BP changes after ET of CEAP.

All included trials were conducted 22 to 26 years ago and some
potential eligible RCTswere not included because therewas uncertainty
(e.g., three-armed designed study presented as a two-armed
study, with two techniques mixed) about the data. Also, different co-
interventions (statins, use of (different) platelet inhibitors), improve-
ment of (digital) imaging techniques in the last decades and, not at
least, the experience of the surgeon could have influenced the available
outcomes. Despite contacting the (co)authors multiple times, no re-
sponse was provided. We wanted to compare only one (intervention)
technique (ET)with only one other control technique (CEAP). Including
other RCTs despite these RCTs applying different (although related)
techniques, would lead to heterogeneity regarding the cardinal ques-
tion of which complication/outcome was (un)traceable to which pa-
tient and/or to which surgical technique. The lack of recent good
quality RCTs comparing ET witch CEAP suggests there is some kind of
consensus that these two techniques may continue to coexist in the
guidelines.

Themajority (54 %) of the included patients in our review came from
the two trials of Ballotta et al. Ballotta compared the two techniques, ET
on one side and CEAP on the other side in the same patient. Ballotta sug-
gested, because of a significantly higher rate of unilateral recurrence,
that local factors (technique) play a more important role than systemic
factors (patients characteristics) in the occurrence of restenosis. This
conclusion (surgical technique makes the difference) supports our hy-
pothesis that at least more evidence is needed on this topic.

We suggest therefore conducting one ormore new randomized clin-
ical trials with a large sample size of patients comparing ET versus CEAP
in symptomatic patients with an internal carotid artery stenosis of 50 %
or more. TSA analysis showed this number of patients is minimal
required to meet the information size. Such trials ought to be designed
according to the Standard Protocol Items: Recommendations for Inter-
ventional Trials statement (SPIRIT) [59] and reported according to the
Consolidated Standards of Reporting Trials statement (CONSORT) [56].

Conclusions

This systematic review showed no conclusive evidence of any differ-
ence between eversion technique and carotid endarterectomy with
patch angioplasty in carotid surgery. These conclusions are based on
data obtained from trials with very low certainty according to GRADE
and should therefore be interpreted cautiously. Until conclusive evi-
dence is obtained, the standard of care according to ESVS guidelines
should not be abandoned.

Abbreviations

CCA Common Carotid Artery
CEA Carotid Endarterectomy
CEAP traditional carotid endarterectomy (Carotid EndArterectomy

with Patch closure)
CI Confidence Interval
CoE Certainty of Evidence
CONSORT Consolidated Standards Of Reporting Trials Statement
ECA External Carotid Artery
ECST European Carotid Surgery Trial
ESVS European Society of Vascular Surgery
ET Eversion Technique
FWER Family Wise Error Rate
GRADE Grading of Recommendations Assessment, Development and

Evaluation
ICA Internal Carotid Artery
MD Mean Difference
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NASCET-North American Symptomatic Carotid Endarterectomy Trial
PAD Peripheral Arterial Disease
PRISMA Preferred Reporting Items for Systematic reviews and Meta-

Analysis
PTFE PolyTetraFluoroEthylene
RCT Randomized Clinical Trial
RR Relative Risk
SAE Serious Adverse Events
SPIRIT Standard Protocol Items: Recommendations for Interven-

tional Trials statement
STA Superior Thyroid Artery
SV Saphenous Vein
TCD Transcranial Doppler
TSA Trial Sequential Analysis
The search strategy that was followed in the different online librar-
ies, PubMed/Medline, The Cochrane Library, and Embase is added as ad-
ditional file 1. The full key terms and MeSH terms are described.
Additional file II is the summary of findings (SOF) table The protocol is
added as additional file III and the AMSTAR 2 checklist is added as addi-
tional file IV. Supplementary data to this article can be found online at
doi:https://doi.org/10.1016/j.sopen.2023.05.003
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