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Introduction: Traditional carotid endarterectomy is considered to be the standard technique for prevention of a
new stroke in patients with a symptomatic carotid stenosis. Use of plexus anesthesia or general anesthesia in
traditional carotid endarterectomy is, to date, not unequivocally proven to be superior to one other. A systematic

Ef::;al review was needed for evaluation of benefits and harms to determine which technique, plexus anesthesia or
Local anesthesia general anesthesia is more effective for traditional carotid endarterectomy in patients with symptomatic carotid
Stenosis stenosis.

Methods: The review was conducted according to our protocol following the recommendations of Cochrane and
reported according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses. Searches were
updated on the October 1, 2020. We did not find any randomized clinical trial comparing plexus anesthesia and
general anesthesia in carotid endarterectomy with patch angioplasty matching our protocol criteria in patients
with a symptomatic and significant (>50%) carotid stenosis.

Conclusions: Based on the current, high risk of bias evidence, we concluded there is a need for new randomized
clinical trials with overall low risk of bias comparing plexus anesthesia with general anesthesia in carotid
endarterectomy with patch closure of the arterial wall in patients with a symptomatic and significant (>50%)
stenosis of the internal carotid artery.

Protocol unique identification number (UIN): CRD42019139913, (https://www.crd.york.ac.uk/prospero/displa
y_record.php?RecordID=139913);

1. Introduction choice of anesthesia for carotid endarterectomy (PA or GA) be left to the
surgical team’s preference [1-3]. Patients preferences or instruct ability
There is currently no consensus in guidelines which type of anes- could also play a role in the choice of anesthetic technique that is used in

thesia, plexus anesthesia (PA) or general anesthesia (GA), is best for CEA.

patients undergoing a carotid endarterectomy (CEA) with patch angio-
plasty (Fig. 1). Guidelines of both the European Society of Vascular
Surgery and the Dutch Society for Vascular Surgery recommend that

The technique of CEA is previously described by De Bakey [4]. In
most Dutch centers GA technique is used for CEA patients. When a pa-
tient receives GA for CEA, an opioid, muscle relaxant and an intravenous
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Fig. 1. Closure of carotid artery. CCA: common carotid artery, STA: superior
thyroid artery, ECA: external carotid artery, ICA: internal carotid artery. A:
Longitudinal arteriotomy B: Closure of longitudinal arteriotomy with patch
angioplasty.

anesthetic such as propofol is used, followed by intubation and me-
chanical ventilation [5]. When a patient receives PA for CEA a local
anesthetic will be used e.g. ropivacaine [6,7]. PA in short: the patient is
in a supine position facing away from the side of the surgery. The
anesthetic fluid will be put in place with guidance of anatomical land-
marks or ultrasound by an experienced anesthesiologist. Prior to the
injection of the anesthetic depot, lidocaine-prilocaine is applied to
numb the skin. After skin disinfection the needle will be put in place at
the level of the carotid bifurcation and a depot of the anesthetic (e.g.
ropivacaine) will be placed underneath the sternocleidomastoid muscle
and superiorly and inferiorly along the posterior border of the sterno-
cleidomastoid muscle [6-9]. These landmarks are clearly visible with
ultrasound scanning. The carotid sheath can be infiltrated locally using
ultrasound by the anesthesiologist or, during surgery, by the vascular
surgeon.

Next to the plexus anesthesia, some sedation can be considered to
keep the patient comfortable (Richmond Agitation-Sedation Scale 0 to
—2) [10] without losing the possibility to test the neurological status
(sensory motor skills and verbal testing). This sedation may consist of
Dexmedetomidine, the first 10 min at 1 mecg/kg/h, after 10 min around
1/3 of the dosage guided by the heart frequency and or blood pressure.
Simultaneously remifentanil is used at 0.1 mcg/kg/min, and after 10
min the dosage is continued at 0.05 mcg/kg/min [6]. Noradrenaline can
be used to keep the blood pressure within its desired range to keep the
brain adequately perfused [7].

Each type of anesthesia has its (dis)advantages. PA allows real-time
direct monitoring (sensory motor skills and verbal testing) compared to
indirect monitoring using Transcranial Doppler (TCD) and/or Electro-
encephalography (EEG) monitoring with GA. TCD and/or EEG moni-
toring may be normal in 6%-30% of those who develop neurological
signs and abnormal in 3%-11% of those who do not develop signs of
ischemia [11]. These findings and conclusions of indirect monitoring
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maybe influenced by the outcome assessors (experience). Propofol can
seriously reduce the reliability of perioperative EEG, given the effects it
has on brain. Another advantage of PA is that the awake state of the
patient does not impair the blood pressure regulation in contrast to GA,
which may lower the risk of a peri-procedural stroke [12]. PA is asso-
ciated with a lower incidence of shunt placement during carotid end-
arterectomy [13]. The use of a shunt can prevent a perioperative
ischemic event. However, it can cause damage to the arterial wall
and/or cause an ischemic event [11]. Patients may have less post pro-
cedural pain compared with those after GA [14]. The main disadvantage
of PA is conversion to GA, which can be necessary when the patient
experiences too much pain. PA could also numb the phrenic nerve which
can lead to intubation of patients with an already impaired pulmonary
function. Other reasons for conversion to general anesthesia can be e.g.
claustrophobia, airway obstruction due to cervical hematoma, and
shunt-related complications [15].

Incidence of operative complications, such as local hemorrhage,
cranial nerve damage, and pulmonary complications has been reported
for both PA and GA and showed no differences [16].

Preventive management of (a)symptomatic carotid artery stenosis
includes antiplatelet therapy, statins, antihypertensive therapy, diabetic
control, as well as lifestyle modifications [17-19]. When a patient shows
symptoms, different operation techniques are available and described in
literature such as carotid endarterectomy with primary closure, eversion
technique and traditional carotid endarterectomy with patch closure.
Carotid endarterectomy with patch angioplasty is the preferred guide-
line treatment for patients with symptomatic stenosis of the carotid ar-
tery [20,21], primarily based on the European Carotid Surgery Trial
(ECST) and the North American Symptomatic Carotid Endarterectomy
Trial (NASCET) [1,4,22,23].

A multicenter, randomized clinical trial (RCT) included 3526 oper-
ations in 3526 symptomatic and asymptomatic patients and compared
PA with GA and concluded that there was no significant difference be-
tween the two techniques for stroke (including retinal infarction),
myocardial infarction, and death between randomization and 30 days
after surgery [12]. However, the observed difference or lack of differ-
ence may or may not be affected by several confounding factors and/or
differential use of co-interventions, such as the use of different surgical
techniques, selective use of shunting, and variations in materials used
for patching [24,25].

Previous conducted systematic reviews with meta-analysis of the
randomized trials showed that there was no statistically significant
difference between the PA and GA groups in the proportion of patients
who had a stroke, died, or had a myocardial infarction within 30 days of
carotid endarterectomy [16,26]. These reviews were conducted without
Trial Sequential Analysis (TSA). To confirm or reject those meta-analysis
results we added TSA and include Grading of Recommendations
Assessment, Development and Evaluation (GRADE) assessments of the
evidence. We also tried to reduce clinical heterogeneity by comparing
only one technique (PA) with one other technique (GA) in patients
having carotid endarterectomy with patch angioplasty and also reduce
the risk for random error.

2. Objective

To determine which technique, PA or GA is more effective for carotid
endarterectomy with patch angioplasty of the arterial wall in symp-
tomatic carotid stenosis from the patients’ perspective, it is important
that all available evidence is evaluated according to the risks of errors in
a systematic review in line with the Cochrane Handbook for Systematic
Reviews of Interventions [26,27]. To improve patient centered health-
care, the best possible care should be implemented. Therefore, an
updated systematic review with meta-analyses is needed and recom-
mendations can be made for our daily current practice. Updated sys-
tematic reviews fuel data for guidelines.
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3. Material and methods

This review was conducted according to our protocol [28], registered
at PROSPERO UIN CRD42019139913, https://www.crd.york.ac.uk/pro
spero/display_record.php?RecordID=139913 [29] and based on aspects
of the recommendations of the ‘Cochrane Handbook for Systematic
Reviews of interventions’ [26]. The review is reported according to the
Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) [30] and Assessing the methodological quality of systematic
reviews (AMSTAR) guidelines [31].

3.1. Studies

Only trials which evaluate plexus anesthesia versus general anes-
thesia in carotid endarterectomy with patch angioplasty in adult pa-
tients (>18 years) were included [3]. According to the current guideline
[1,22,23], patients with a symptomatic stenosis (>50 — <99%) of the
carotid artery were considered. Trials were considered irrespective of
language, blinding, outcomes, or publication status.

3.2. Experimental intervention

Plexus anesthesia (PA) in carotid endarterectomy with patch
angioplasty.

3.3. Control intervention

General anesthesia (GA) in carotid endarterectomy with patch
angioplasty.

3.4. Hypothesis

We wanted to test the null-hypothesis that there is no difference
between the two treatments (HO: RRR = 0.00% or RR = 1.00) as well as
both the alternative hypotheses (Hla and H1b) that there was a differ-
ence (Hla of a 10% RRR or H1b of a 15% RRR) between plexus anes-
thesia (PA) and general anesthesia (GA) in patients with CEA with patch
angioplasty for a symptomatic carotid lesion. For the alternative hy-
pothesis we assumed that patients operated with plexus anesthesia will
do better because the neurological status of the patient can be monitored
in real time compared with patients operated with general anesthesia in
which the surgeon depends on a derived monitoring through TCD and
EEG.

3.5. Primary outcomes

e Proportion of participants who suffered death (<30 days).

e Proportion of participants with postoperative stroke (<30 days).

e Proportion of participants with one or more serious adverse events;
which was defined as: any untoward medical occurrence that results
in death, is life threatening, requires hospitalization or prolongation
of existing hospitalization, results in persistent or significant
disability or incapacity [32].

3.6. Secondary outcomes

e Proportion of participants with one or more non-serious adverse
events: any untoward medical occurrence in a participant that does
not meet the above criteria for a serious adverse event was defined as
a non-serious adverse event [32].

e Costs: hospitalization duration, duration of surgical procedure, ICU
admission (e.g. blood pressure management).

3.7. Exploratory outcomes

e Separately reported serious adverse events.
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e Separately reported non-serious adverse events.

The number of patients with one or more complications were eval-
uated rather than the numbers of events, depending on the availability
of data.

3.8. Outcome grading

The outcome measures were graded from the patients’ perspective
(GRADE working group 2008, Fig. 2) [33]. Examples of serious adverse
events: stroke, bleeding, persisting neurological deficits, myocardial
infarction, conversion PA to GA due to any cause, patients developing
airway obstruction or phrenic nerve palsy and hypertension in need for
(intravenous) medication.

3.9. Search strategy

The Cochrane Central Register of Controlled Trials (CENTRAL) in the
Cochrane Library, PubMed/MEDLINE and EMBASE databases were
searched. References of the identified trials will be searched to identify
any further relevant randomized clinical trials. The search strategies are
provided in the appendix. Searches will include MeSH descriptors such
as “Clinical Trials”, “carotid endarterectomy”, “plexus”, “carotid artery
disease”, “anesthesia”, “patch”. We also searched in online trial regis-
tries such as ClinicalTrials.gov (https://clinicaltrials.gov/), European
Medicines Agency (EMA) (www.ema.europa.eu/ema/), WHO Interna-
tional Clinical Trial Registry Platform (www.who.int/ictrp), and the
Food and Drug Administration (FDA) (www.fda.gov) for ongoing or
unpublished trials. In addition, we searched Google Scholar (https://sch
olar.google.nl/) using the terms: anesthesia and/or plexus and/or local
anesthesia and/or carotid and/or endarterectomy in the title of the ab-
stract/paper. The overall search was updated on the October 1, 2020.

3.10. Data collection

Two authors performed the screening and selected the trials for in-
clusion, independently. Excluded trials and studies are listed with their
reasons for exclusion. When disagreements occurred, a third author was
approached to reconcile. The authors extracted the following data when
available: type of anesthesia, trial characteristics (year and language of

The importance of outcomes

Mortality*

Critical for
decision making

Stroke*

Other serious
adverse events

)+ [l

Cranial nerve palsy

Asymptomatic
restenosis/occlusion

Important, but not
critical for decision
making

Not important for
decision making- of
lower importance to

patients

Scar

Costs

SRS

Fig. 2. Hierarchy of outcomes from patients’ perspective undergoing carotid
endarterectomy for symptomatic carotid stenosis (GRADE 2008). * At
maximum follow up. Other serious adverse events includes stroke <30 days.
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publication, country in which the trial was conducted, year of conduc-
tion of the trial, single or multicenter trial, number of patients), patient
characteristics (inclusion and exclusion criteria, mean age, mean body
mass index and gender, smoking, diabetes mellitus, use of statin and
platelet inhibitors), intervention characteristics (general anesthesia,
plexus anesthesia, closure by type of patch, use of shunting), co-
interventions (conversion to general anesthesia, perioperative trans-
cranial Doppler monitoring, perioperative carotid pressure measure-
ment, electroencephalographic monitoring) and the outcome measures
evaluated. If there was any unclear or missing data, the corresponding
authors of the individual trials were contacted, at least twice, for
clarification.

3.11. Risk of bias assessment

Two authors assessed the risks of bias, without masking for trial
names, according to the Cochrane Handbook for Systematic Reviews of
Interventions [26], including the domains of generation of the allocation
sequence, allocation concealment, blinding of participants, personnel,
and outcome assessors, incomplete outcome data, selective outcome
reporting, and bias risks such as vested interests (financial interest, ac-
ademic interest or other parties such as the medical industry). Risk of
bias components were scored as low, unclear, or high risk of bias.

3.12. Statistical methods

Statistical analyses were not performed because no RCT was
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included. If RCT were found, meta-analyses would be performed ac-
cording to the Cochrane Handbook for Systematic Reviews of In-
terventions [26]. The software package Review Manager (RevMan)
Version 5.4 was used [34]. Significance levels were adjusted due to
multiplicity of several outcomes. The results of each outcome required
an adjusted statistical significance level (threshold). An alfa of respec-
tively (0.05/((1 + 3)/2) =) 0.025 was used for the primary and 0.033
for the secondary outcomes to keep the family wise error rate (FWER)
below 0.05 [35,36]. For exploratory outcomes, we considered a p-value
less than 0.05 as significant, because we view these outcomes as only
hypothesis-generating outcomes. For dichotomous variables, the risk
ratio (RR) with TSA-adjusted confidence intervals (CI) were calculated.
For continuous variables, the mean difference (MD) with TSA-adjusted
CI was calculated or the standardized mean difference (SMD).

3.13. Trial Sequential analyses (TSA)

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 cumulative meta-analysis is
updated with new trials [37,38]. To assess the risk of type-I and type-II
errors, TSA could have been used. Detailed TSA description has been
published in our protocol.

3.14. Grade

We planned to use the summary of findings tables to summarize the
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Fig. 3. Flow diagram summarizing the search process and results of each phase of the systematic review. https://doi.org/10.1371/journal.pmed1000097.
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results of the trials with overall low risk of bias and for all trials, sepa-
rately. Reasons for downgrading the quality of the available evidence
were: risk of bias evaluation of the included bias domains, publication
bias, heterogeneity, imprecision, and indirectness (e.g. length of stay is a
surrogate outcome measure) [39-41]. We planned to compare the
imprecision assessed according to GRADE with that of TSA [42].

4. Results
4.1. Study selection

Altogether the search resulted in 14.062 hits (Fig. 3). 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. Based on titles
and abstracts and removing duplicates 13.935 publications could be
excluded. A total of 127 publications remained for full text evaluation
from which 113 were excluded based on protocol criteria. Finally, 14
publications were potential trials that could be included. These 14 pa-
pers were potentially eligible to include but additional information was
lacking. Authors of these studies were contacted at least twice. Despite
of our repeated request for data, the response rate was very low. Mazul
made clear that their study did not meet our inclusion criteria because of
the unknown method of CEA that was used [43]. Luchetti et al.
compared asymptomatic patients undergoing plexus anesthesia and
plexus anesthesia with general anesthesia in CEA with patch angioplasty
[44]. To our best knowledge, no other RCTs conducted met our inclusion
criteria.

4.2. Patient characteristics and trial designs
The baseline characteristics of the patients were not reported.
4.3. Risk of bias
Not performed.
4.4. Analysis of outcomes
Not performed.
4.5. Trial Sequential Analysis (TSA)

We did not compare the imprecision assessed according to GRADE
with that of TSA as planned because we could not perform the primary
TSAs as planned in the protocol due to too little statistical information
size.

4.6. Subgroup analysis
Not performed.
5. Discussion

The search in this systematic review lead to 14.062 hits and no
randomized clinical trial comparing plexus anesthesia versus general
anesthesia in patients with a significant carotid stenosis (>50%) who
underwent carotid surgery (CEA) with patch angioplasty could be
included. Authors of other potential eligible trials were contacted at
least twice for additional information (such as individual patient data),
unfortunately the response rate was very low. This review with extended
search showed to date no reliable level of evidence on this subject,
fueling the need for a RCT with low risk of bias (level 1b evidence)
comparing plexus anesthesia versus general anesthesia in patients with a
significant symptomatic carotid lesion (>50%) who underwent carotid
surgery (CEA) with patch angioplasty.

A number of non-randomized clinical trials showed a potential
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benefit of plexus anesthesia versus general anesthesia in CEA. For
example a recent large retrospective study [45] described regional
anesthesia compared with general anesthesia in CEA and showed a
decreased risk of postoperative pneumonia and a reduced need for
perioperative blood transfusions. Difference in 30-day perioperative
mortality was not found. Looking at the current evidence of (non) RCTs
comparing plexus anesthesia versus general anesthesia in CEA with
patch angioplasty it is advised to conduct further investigation with
randomization before strong recommendations should be drawn.

The current guideline from ESVS recommend the use of locoregional
anesthesia or general anesthesia to the surgical team preference [1].
American Heart Association does not explicitly advise in their guideline
which anesthesia should be used [46]. Despite the potential advantages
of plexus anesthesia compared with general anesthesia, more than two
CEA techniques are being investigated. In most of the current available
studies patients were compared whether they had a CEA with patch, or
primary closure, symptomatic of asymptomatic stenosis. To our best
knowledge the current available level of evidence is 2a at best [27].
Comparing one technique with one other technique lowers the risk of
being biased due to the possible influences or several confounding fac-
tors and/or different use of co-interventions [26]. Low risk of bias (Level
la) evidence is presumably scarce, meta analyses are usually seen as
trustworthy, but based on Koster et al. only 0.9% of the available
meta-analyses of intensive care unit interventions were judged as having
low risk of bias (designed and reported according to standards for
trustworthy systematic reviews and meta-analyses) [47].

We created a focused review, comparing one technique with one
other technique for anesthesia, but also only in symptomatic carotid
patients, by excluding asymptomatic patients we may introduce a blind
spot to potential information about potential advantages and disad-
vantages comparing the anesthetic techniques (plexus versus general
anesthesia). On the other hand, conducting a broader review may
introduce potential confounding by severity of disease. In the ideal
world we include all trials comparing plexus versus general in CEA with
patch angioplasty in symptomatic patients. Subgroup analysis could
have been an option minimizing the risk of confounders.

In this focused review comparing plexus and general anesthesia in
symptomatic patients for CEA with patch angioplasty, looking at the
current available evidence, we can conclude that more randomized
clinical trials with low risk of bias are needed before firm conclusions
can be drawn and more reliable recommendations can be made. We may
be halfway comparing two different types of techniques (anesthetic:
plexus versus general, and, surgical: primary closure versus patch an-
gioplasty) [48], but these futures studies should be with patients
suffering from a symptomatic and significant (>50%) carotid stenosis of
the internal carotid artery. A potential obstacle is the size of such ran-
domized clinical trials, to demonstrate a difference in mortality, stroke,
and occlusion. The number of patients needed would presumably be
high. That is why it is so important that researchers are willing to share
individual patient data (Table 1).

6. Conclusions

Based on the current, high risk of bias evidence, we concluded there
is a need for new randomized clinical trials with overall low risk of bias
comparing plexus anesthesia with general anesthesia in carotid endar-
terectomy with patch closure of the arterial wall in patients with a
symptomatic and significant (>50%) stenosis of the internal carotid
artery.

Ethical approval

None.
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Table 1

Checklist of recommendations for future randomized clinical trials comparing
plexus anesthesia with general anesthesia in patients with a symptomatic and
significant (>50%) stenosis undergoing carotid endarterectomy with patch an-
gioplasty. 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 in the worst case scenario; to close the gap between the
required and the presently accrued information size.

Item Recommendation

To get the evaluation of serious Count the number of patients with one or more
adverse events (SAE) right SAE, and not just the total number of SAE.
To prevent design error e Protocol based (Published before starting with
the trial(s))
Standarized surgical technique (e.g. patch or
primary closure, type and amount of sutures)
Compare ONE experimental intervention
(plexus-) to ONE control intervention (general
anesthesia).
Future trials should be in line with the CONSORT
statements [49]
To minimize risk of random The sample size should exceed e.g. 2000
error participants in one or more future trials.
Data sharing Data sharing is important to increase sample
sizes in future trials.
Trial coordinators should be encouraged to
participate in sharing anonymized data upon
request review author.

To avoid bias

Comparison Outcome measures critical for decision making
according to the GRADE (39).
Funding
None.

Author contribution

MSM is the first author of the protocol. MSM and GGK managed the
first draft of this manuscript and coordinated the contributions of co-
authors. Contributors JW, PWHEV, DA, FGR, JMMH, FLM, AkhJ, FK,
and GGK contributed to the design of the study and revised the paper
critically. JW, FK, and GGK provided professional and statistical sup-
port. All authors read and approved the final version of the manuscript.
GGK was initiator and supervisor.

Research Registration Unique Identifying Number (UIN)
1. Name of the registry: Prospero
2. Unique Identifying number or registration ID: CRD42019139913
3. Hyperlink to your specific registration (must be publicly accessible
and will
be checked):
https://www.crd.york.ac.uk/prospero/display_record.php?
ID=CRD42019139913
Guarantor
M.S. Marsman and G.G. Koning
Declaration of competing interest
JW is a member of the taskforce at Copenhagen Trial Unit to develop
theory and software doing TSA, presently available as freeware at www.
ctu.dk/tsa.

Acknowledgments

The authors would like to thank Mrs. L.W.M. Boerboom, MSc,

Annals of Medicine and Surgery 65 (2021) 102327

medical information specialist (Medical Library, Elisabeth-Tweesteden
Hospital, Tilburg, the Netherlands) for her assistance.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.amsu.2021.102327.

Provenance and peer review
Commissioned; externally peer reviewed.

References

[1] A. Naylor, Management of atherosclerotic carotid and vertebral artery disease:
2017 clinical practice guidelines of the European society for vascular surgery
(ESVS)”, Eur J Vasc Endovasc Surg 55 (1) (2017) 1-79, https://doi.org/10.1016/j.
€jvs.2017.06.021. Available from:.

[2] C.D. Liapis, S.P.R.F. Bell, D. Mikhailidis, J. Sivenius, A. Nicolaides, J. Fernandes e
Fernandes, et al., ESVS guidelines. Invasive treatment for carotid stenosis:
indications, techniques, Eur J Vasc Endovasc Surg 37 (4 SUPPL) (2009) 1-19,
https://doi.org/10.1016/j.€jvs.2008.11.006. Available from:.

[3] C.B.O. Nederlandse Vereniging voor Neurologie en het Kwaliteitsinstituut voor de
Gezondheidszorg, Diagnostiek, behandeling en zorg voor patiénten met een
beroerte [Internet]. Richtlijn Diagnostiek, behandeling en zorg voor patiénten met
een beroerte [cited 2017 Dec 2], 2008. Available from: http://med-info.nl/Rich
tlijnen/Geriatrie/Beroerte .pdf.

[4] M.S. Marsman, J. Wetterslev, A.K. Jahrome, C. Gluud, F.L. Moll, A. Karimi, et al.,
Carotid endarterectomy with primary closure versus patch angioplasty in patients
with symptomatic and significant stenosis: protocol for a systematic review with
meta-analyses and trial sequential analysis of randomized clinical trials, BMJ Open
9 (2019) 1-7, https://doi.org/10.1136/bmjopen-2018-026419. Available from:,
e€026419.

[5] D.Wong, A. Dallaire, K. Singh, P. Madhusan, T. Jackson, M. Singh, et al., High-flow
nasal oxygen improves safe apnea time in morbidly obese patients undergoing
general anesthesia: a randomized controlled trial, Anesth Analg 129 (4) (2019)
1130-1136, https://doi.org/10.1213/ane.0000000000003966. Available from:.

[6] Local Protocol of the Radboud University Medical Center (RUMC). Carotid
Endarterectomy with Loco-Regional Anesthesia with or without Sedation and
Analgesia with Intra-operative Neuromonitoring. This Reference Is Based on
Reference Number 7,8 and 9 and Modified to the Local Infrastructure of the RUMC.

[7] M.D. Stoneham, D. Stamou, J. Mason, Regional anaesthesia for carotid
endarterectomy, Br J Anaesth 114 (3) (2014) 372-383, https://doi.org/10.1093/
bja/aeu304. Available from:.

[8] A. Bekker, M. Gold, R. Ahmed, J. Kim, C. Rockman, G. Jacobovitz, et al.,
Dexmedetomidine does not increase the incidence of intracarotid shunting in
patients undergoing awake, Anesth Analg 103 (4) (2006) 955-958, https://doi.
org/10.1213/01.ane.0000237288.46912.39. Available from:.

[9] P.S. Roshanov, B. Rochwerg, A. Patel, O. Salehian, E. Duceppe, G.H. Guyatt, et al.,
Enzyme Inhibitors or Angiotensin II Receptor Blockers, Anesthesiology 126 (1)
(2017) 16-27, https://doi.org/10.1097/aln.0000000000001404. Available from:.

[10] E.W. Ely, B. Truman, J.W.W. Thomason, A.P. Wheeler, S. Gordon, J. Francis, et al.,
Monitoring sedation status over time in ICU patients, JAMA 289 (22) (2015)
2983-2991, https://doi.org/10.1001/jama.289.22.2983. Available from:.

[11] K. Rerkasem, P.M. Rothwell, Routine or selective carotid artery shunting for
carotid endarterectomy (and different methods of monitoring in selective
shunting), Cochrane Database Syst Rev (4) (2009) CD000190, https://doi.org/
10.1002/14651858.CD000190.pub2. Available from:.

[12] S.C.Lewis, C.P. Warlow, A.R. Bodenham, B. Colam, P.M. Rothwell, D. Torgerson, et
al., General anaesthesia versus local anaesthesia for carotid surgery (GALA ): a
multicentre, randomised controlled trial, Lancet 372 (9656) (2008) 2132-2142,
https://doi.org/10.1016/50140-6736(08)61699-2. Available from:.

[13] K. Watts, D M, P.H. Lin, D M, R.L. Bush, M.D.S. Awad, et al., The Impact of
Anesthetic Modality on the Outcome of Carotid Endarterectomy, Available from:
https://doi.org/10.1016/j.amjsurg.2004.08.048, 2004, 188, 741-747.

[14] L. Pasin, P. Nardelli, G. Landoni, G. Cornero, Examination of regional anesthesia
for carotid endarterectomy, J Vasc Surg (2014), https://doi.org/10.1016/j.
jvs.2015.03.074. Available from::.

[15] K. Rerkasem, R. Bond, R. Pm, Local versus General Anaesthesia for Carotid
Endarterectomy ( Review ), Cochrane Collab (2) (2005), https://doi.org/10.1002/
14651858.CD000126.pub2. Available from:.

[16] G. Raman, D. Moorthy, N. Hadar, 1.J. Dahabreh, T.F. O’Donnell, Management
Strategies for asymptomatic Carotid Stenosis: a systematic review and meta-
analysis, Ann Intern Med 158 (9) (2013) 676685, https://doi.org/10.7326/0003-
4819-158-9-201305070-00007. Available from:.

[17] A.L. Abbott, Medical (nonsurgical) intervention alone is now best for prevention of
stroke associated with asymptomatic severe carotid stenosis: results of a systematic
review and analysis, Stroke 40 (10) (2009) 573-584, https://doi.org/10.1161/
STROKEAHA.109.556068. Available from:.

[18] J. Constantinou, P. Jayia, G. Hamilton, Best evidence for medical therapy for
carotid artery stenosis, J Vasc Surg 58 (4) (2013) 1129-1139, https://doi.org/
10.1016/§.jvs.2013.06.085. Available from:.


https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42019139913
https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42019139913
http://www.ctu.dk/tsa
http://www.ctu.dk/tsa
https://doi.org/10.1016/j.amsu.2021.102327
https://doi.org/10.1016/j.amsu.2021.102327
https://doi.org/10.1016/j.ejvs.2017.06.021
https://doi.org/10.1016/j.ejvs.2017.06.021
https://doi.org/10.1016/j.ejvs.2008.11.006
http://med-info.nl/Richtlijnen/Geriatrie/Beroerte%20.pdf
http://med-info.nl/Richtlijnen/Geriatrie/Beroerte%20.pdf
https://doi.org/10.1136/bmjopen-2018-026419
https://doi.org/10.1213/ane.0000000000003966
https://doi.org/10.1093/bja/aeu304
https://doi.org/10.1093/bja/aeu304
https://doi.org/10.1213/01.ane.0000237288.46912.39
https://doi.org/10.1213/01.ane.0000237288.46912.39
https://doi.org/10.1097/aln.0000000000001404
https://doi.org/10.1001/jama.289.22.2983
https://doi.org/10.1002/14651858.CD000190.pub2
https://doi.org/10.1002/14651858.CD000190.pub2
https://doi.org/10.1016/S0140-6736(08)61699-2
https://doi.org/10.1016/j.amjsurg.2004.08.048
https://doi.org/10.1016/j.jvs.2015.03.074
https://doi.org/10.1016/j.jvs.2015.03.074
https://doi.org/10.1002/14651858.CD000126.pub2
https://doi.org/10.1002/14651858.CD000126.pub2
https://doi.org/10.7326/0003-4819-158-9-201305070-00007
https://doi.org/10.7326/0003-4819-158-9-201305070-00007
https://doi.org/10.1161/STROKEAHA.109.556068
https://doi.org/10.1161/STROKEAHA.109.556068
https://doi.org/10.1016/j.jvs.2013.06.085
https://doi.org/10.1016/j.jvs.2013.06.085

M.S. Marsman et al.

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

C.S. Cina, C.M. Clase, R.B. Haynes, S. Orrapin, K. Rerkasem, Carotid
endarterectomy for symptomatic carotid stenosis, Cochrane Database Syst Rev (2)
(2017) CD001081, https://doi.org/10.1002/14651858.CD001081. Available
from:.

S. Bangalore, S. Kumar, J. Wetterslev, A.A. Bavry, C. Gluud, D.E. Cutlip, et al.,
Carotid artery stenting vs carotid endarterectomy: meta-analysis and diversity-
adjusted trial sequential analysis of randomized trials, Arch Neurol 68 (2) (2011)
172-184, https://doi.org/10.1001/archneurol.2010.262. Available from:.

C. Warlow, MRC European Carotid Surgery Trial: interim results for symptomatic
patients with severe (70-99%) or with mild (0-29%) carotid stenosis, Lancet 337
(8752) (1991) 1235-1243.

Collaborators NASCET, Beneficial effect of carotid endarterectomy in symptomatic
patients with high-grade carotid stenosis, N. Engl. J. Med. 325 (7) (1991) 445-453.
M. Orlicky, T. Hrbac, M. Sames, P. Vachata, A. Hejcl, D. Otahal, et al., Anesthesia
type determines risk of cerebral infarction after carotid endarterectomy, J Vasc
Surg 70 (1) (2018) 138-147, https://doi.org/10.1016/j.jvs.2018.10.066. Available
from:.

V.V. Lomivorotov, V.A. Shmyrev, V.A. Nepomniashchikh, Regional versus general
anesthesia for carotid Endarterectomy : do we need another randomized Trial ?
J Cardiothorac Vasc Anesth (2018) 7-8, https://doi.org/10.1053/j.
jvca.2018.09.007. Available from:, 000.

A. Harky, J. Shi Kai CHan, T. Ka Ming Kot, D. Sanli, R. Rahimli, Z. Belamaric, et al.,
General anaesthesia versus local anaesthesia in carotid endarterectomy: a
systematic review and meta-analysis, J Cardiothorac Vasc Anesth (2019), https://
doi.org/10.1053/j.jvca.2019.03.029. Available from:.

J. Higgins, S. Green, Cochrane Handbook for Systematic Review of Intervention
[Internet], The Cochrane Collaboration, 2011. Available from:, Version 5.1.0.
www.Cochrane-handbook.org.

F. Keus, J. Wetterslev, C. Gluud, C.J.H.M. van Laarhoven, Evidence at a glance:
error matrix approach for overviewing available evidence, BMC Med Res Methodol
10 (2010) 90, https://doi.org/10.1186,/1471-2288-10-90. Available from:.

M.S. Marsman, J. Wetterslev, F. Keus, D Van Aalst, FG Van Rooij, J.M.M. Heyligers,
et al., Plexus anesthesia versus general anesthesia in patients for carotid
endarterectomy with patch angioplasty : protocol for a systematic review with
meta-analyses and Trial Sequential Analysis of randomized clinical trials, Int J Surg
Protoc 19 (2020) 1-7, https://doi.org/10.1016/].isjp.2019.12.002. Available from:

M.S. Marsman, J. Wetterslev, F. Keus, D. Aalst van, F.G. Rooij van, J.M.

M. Heyligers, et al., Plexus anesthesia versus general anesthesia in patients for
carotid endarterectomy with patch angioplasty: protocol for a systematic review
with meta-analyses and Trial Sequential Analysis of randomized clinical trials,
Prospero (2019). Available from: https://www.crd.york.ac.uk/prospero/displa
y_record.php?RecordID=139913.

M.J. Page, J.E. McKenzie, P.M. Bossuyt, I. Boutron, T.C. Hoffmann, C.D. Mulrow, et
al., The PRISMA 2020 statement: an updated guideline for reporting systematic
reviews, Int J Surg (2021) 88, https://doi.org/10.1016/].ijsu.2021.105906.
Available from:.

B.J. Shea, B.C. Reeves, G. Wells, M. Thuku, C. Hamel, J. Moran, et al., Amstar 2 : a
critical appraisal tool for systematic reviews that include randomised or non-
randomised studies of healthcare interventions , or both, BMJ 21 (358) (2017) 1-9.
International Conference on Harmonisation Expert Working Group, International
conference on harmonization of technical requirements for registration of
pharmaceuticals for human use. ICH harmonised tripartite guideline. Guideline for
good clinical practic, Guidel good Clin Pract CFR ICH Guidel 1 (1997).

G.H. Guyatt, A.D. Oxman, R. Kunz, G.E. Vist, Y. Falck-Ytter, H.J. Schiinemann, et
al, What Is ““quality of Evidence’” and Why Is it Important to Clinicians? BMJ 336
(2008) https://doi.org/10.1136/bmj.39490.551019.BE, 7651):995-8.

Review Manager (RevMan) [Internet], The Nordic Cochrane Centre, The Cochrane
Collaboration, Copenhagen, 2014. Available from: https://community.cochrane.
org/help/tools-and-software/revman-5.

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

Annals of Medicine and Surgery 65 (2021) 102327

J.C. Jakobsen, J. Wetterslev, T. Lange, C. Gluud, Editorial - Viewpoint: Taking into
Account Risks of Random Errors when Analysing Multiple Outcomes in Systematic
Reviews, 2-7, Cochrane Library, 2016, https://doi.org/10.1002/14651858.
ED000111. Available from:.

J.C. Jakobsen, J. Wetterslev, P. Winkel, T. Lange, C. Gluud, Thresholds for
statistical and clinical significance in systematic reviews with meta-analytic
methods, BMC Med Res Methodol 14 (1) (2014) 1-13, https://doi.org/10.1186/
1471-2288-14-120. Available from:.

J. Wetterslev, K. Thorlund, J. Brok, C. Gluud, Trial sequential analysis may
establish when firm evidence is reached in cumulative meta-analysis, J Clin
Epidemiol 61 (1) (2008) 64-75, https://doi.org/10.1016/j.jclinepi.2007.03.013.
Available from:.

J. Brok, K. Thorlund, J. Wetterslev, C. Gluud, Apparently conclusive meta-analyses
may be inconclusive - trial sequential analysis adjustment of random error risk due
to repetitive testing of accumulating data in apparently conclusive neonatal meta-
analyses, Int J Epidemiol [Internet] 38 (1) (2009) 287-298, https://doi.org/
10.1093/ije/dyn188. Available from:.

G.H. Guyatt, A.D. Oxman, R. Kunz, J. Brozek, P. Alonso-Coello, D. Rind, et al.,
GRADE guidelines 6. Rating the quality of evidence - Imprecision, J Clin Epidemiol
64 (12) (2011) 1283-1293, https://doi.org/10.1016/j.jclinepi.2011.01.012.
Available from:.

J. Savovi¢, H.E. Jones, D.G. Altman, R.J. Harris, P. Juni, J. Pildal, et al., Influence
of reported study design characteristics on intervention effect estimates from
randomised controlled trials: combined analysis of meta-epidemiological studies,
Health Technol Assess (Rockv) 16 (35) (2012) 1-81, https://doi.org/10.3310/
htal6350. Available from:.

J. Savovic, H.E. Jones, D.G. Altman, R.J. Harris, J. Pildal, B. Als-nielsen, et al.,
Research and reporting methods influence of reported study design characteristics
on intervention, Ann Intern Med 157 (6) (2012) 429-438, https://doi.org/
10.7326/0003-4819-157-6-201209180-00537. Available from:.

G. Castellini, M. Bruschettini, S. Gianola, C. Gluud, L. Moja, Assessing Imprecision
in Cochrane Systematic Reviews: A Comparison of GRADE and Trial Sequential
Analysis, Syst Rev 7 (1) (2018) 1-10, https://doi.org/10.1186/513643-018-0770-
1. Available from:.

B. Mazul-sunko, I. Hromatko, M. Tadinac, B. Tomas, Z. Gavranovic, I. Mladic, et
al., Subclinical neurocognitive dysfunction after carotid endarterectomy — the
impact of shunting, Available from: https://doi.org/10.1097/ana.0b013e3
181d5e421, 2010, 22, 3, 195-201.

M. Luchetti, M. Canella, M. Zoppi, R. Massei, Comparison of regional anesthesia
versus combined regional and general anesthesia for elective carotid
Endarterectomy : A Small Exploratory Study, Available from: https://doi.org/10
.1016/j.rapm.2008.01.013, 2008, 33, 4, 340-345.

Y. Brovman, D. Urman, The use of regional or local anesthesia for carotid
endarterectomies may reduce blood loss and pulmonary complications,

J Cardiothorac Vasc Anesth (2018), https://doi.org/10.1053/j.jvca.2018.08.195.
Available from:, 000.

T.G. Brott, J.L. Halperin, S. Abbara, J.M. Bacharach, J.D. Barr, R.L. Bush, et al.,
ASA/ACCF/AHA/AANN/AANS/ACR/ASNR/CNS/SAIP/SCAI/SIR/SNIS/SVM/SVS
guideline on the management of patients with extracranial carotid and vertebral
artery disease, JAC 57 (8) (2011) e16-94, https://doi.org/10.1016/j.
jacc.2010.11.006, 2011, Available from:.

T.M. Koster, J. Wetterslev, C. Gluud, F. Keus, I.C.C. van der Horst, Systematic
overview and critical appraisal of meta-analyses of interventions in intensive care
medicine, Acta Anaesthesiol Scand Found (April) (2018) 1-9.

M. Marsman, J. Wetterslev, Ak Jahrome, C. Gluud, F. Moll, F. Keus, et al., Carotid
endarterectomy with patch angioplasty versus primary closure in patients with
symptomatic and significant stenosis: a systematic review with meta-analyses and
Trial Sequential Analysis of randomized clinical trials, BMC Syst Rev (2020) (under
review).

K.F. Schulz, D.G. Altman, D. Moher, C. Group, CONSORT 2010 Statement : updated
guidelines for reporting parallel group randomised trials 7 (3) (2010).


https://doi.org/10.1002/14651858.CD001081
https://doi.org/10.1001/archneurol.2010.262
http://refhub.elsevier.com/S2049-0801(21)00277-6/sref21
http://refhub.elsevier.com/S2049-0801(21)00277-6/sref21
http://refhub.elsevier.com/S2049-0801(21)00277-6/sref21
http://refhub.elsevier.com/S2049-0801(21)00277-6/sref22
http://refhub.elsevier.com/S2049-0801(21)00277-6/sref22
https://doi.org/10.1016/j.jvs.2018.10.066
https://doi.org/10.1053/j.jvca.2018.09.007
https://doi.org/10.1053/j.jvca.2018.09.007
https://doi.org/10.1053/j.jvca.2019.03.029
https://doi.org/10.1053/j.jvca.2019.03.029
http://www.Cochrane-handbook.org
https://doi.org/10.1186/1471-2288-10-90
https://doi.org/10.1016/j.isjp.2019.12.002
https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=139913
https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=139913
https://doi.org/10.1016/j.ijsu.2021.105906
http://refhub.elsevier.com/S2049-0801(21)00277-6/sref31
http://refhub.elsevier.com/S2049-0801(21)00277-6/sref31
http://refhub.elsevier.com/S2049-0801(21)00277-6/sref31
http://refhub.elsevier.com/S2049-0801(21)00277-6/sref32
http://refhub.elsevier.com/S2049-0801(21)00277-6/sref32
http://refhub.elsevier.com/S2049-0801(21)00277-6/sref32
http://refhub.elsevier.com/S2049-0801(21)00277-6/sref32
https://doi.org/10.1136/bmj.39490.551019.BE
https://community.cochrane.org/help/tools-and-software/revman-5
https://community.cochrane.org/help/tools-and-software/revman-5
https://doi.org/10.1002/14651858.ED000111
https://doi.org/10.1002/14651858.ED000111
https://doi.org/10.1186/1471-2288-14-120
https://doi.org/10.1186/1471-2288-14-120
https://doi.org/10.1016/j.jclinepi.2007.03.013
https://doi.org/10.1093/ije/dyn188
https://doi.org/10.1093/ije/dyn188
https://doi.org/10.1016/j.jclinepi.2011.01.012
https://doi.org/10.3310/hta16350
https://doi.org/10.3310/hta16350
https://doi.org/10.7326/0003-4819-157-6-201209180-00537
https://doi.org/10.7326/0003-4819-157-6-201209180-00537
https://doi.org/10.1186/s13643-018-0770-1
https://doi.org/10.1186/s13643-018-0770-1
https://doi.org/10.1097/ana.0b013e3181d5e421
https://doi.org/10.1097/ana.0b013e3181d5e421
https://doi.org/10.1016/j.rapm.2008.01.013
https://doi.org/10.1016/j.rapm.2008.01.013
https://doi.org/10.1053/j.jvca.2018.08.195
https://doi.org/10.1016/j.jacc.2010.11.006
https://doi.org/10.1016/j.jacc.2010.11.006
http://refhub.elsevier.com/S2049-0801(21)00277-6/sref47
http://refhub.elsevier.com/S2049-0801(21)00277-6/sref47
http://refhub.elsevier.com/S2049-0801(21)00277-6/sref47
http://refhub.elsevier.com/S2049-0801(21)00277-6/sref48
http://refhub.elsevier.com/S2049-0801(21)00277-6/sref48
http://refhub.elsevier.com/S2049-0801(21)00277-6/sref48
http://refhub.elsevier.com/S2049-0801(21)00277-6/sref48
http://refhub.elsevier.com/S2049-0801(21)00277-6/sref48
http://refhub.elsevier.com/S2049-0801(21)00277-6/sref49
http://refhub.elsevier.com/S2049-0801(21)00277-6/sref49

	Plexus anesthesia versus general anesthesia for carotid endarterectomy: A systematic review with meta-analyses
	1 Introduction
	2 Objective
	3 Material and methods
	3.1 Studies
	3.2 Experimental intervention
	3.3 Control intervention
	3.4 Hypothesis
	3.5 Primary outcomes
	3.6 Secondary outcomes
	3.7 Exploratory outcomes
	3.8 Outcome grading
	3.9 Search strategy
	3.10 Data collection
	3.11 Risk of bias assessment
	3.12 Statistical methods
	3.13 Trial Sequential analyses (TSA)
	3.14 Grade

	4 Results
	4.1 Study selection
	4.2 Patient characteristics and trial designs
	4.3 Risk of bias
	4.4 Analysis of outcomes
	4.5 Trial Sequential Analysis (TSA)
	4.6 Subgroup analysis

	5 Discussion
	6 Conclusions
	Ethical approval
	Funding
	Author contribution
	Research Registration Unique Identifying Number (UIN)
	Guarantor
	Declaration of competing interest
	Acknowledgments
	Appendix A Supplementary data
	Provenance and peer review
	References


