The utility of adjunctive electroencephalography while
performing transcarotid artery revascularization
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ABSTRACT

Transcarotid artery revascularization (TCAR) has been used as an alternative to carotid endarterectomy and transfemoral
carotid artery stenting. Although TCAR has been associated with a decrease in perioperative strokes compared with
transfemoral carotid artery stenting, little is known about the safety of cerebral blood during flow reversal or the value of
adjunctive electroencephalography (EEG) monitoring in performing TCAR. We describe two cases of EEG changes in
patients undergoing TCAR. These cases highlight the use of adjunctive EEG and provide examples of test clamping to
assess for compromised collateral cerebral blood flow in patients undergoing TCAR. (J Vasc Surg Cases and Innovative

Techniques 2019;5:456-60.)
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Although carotid endarterectomy (CEA) has been the
“gold standard” for the treatment of significant carotid ar-
tery stenosis, carotid artery stenting (CAS) has become a
less invasive alternative that is considered for high-risk pa-
tients or those with complex anatomy.'* However, CAS
has been limited by the increased risk of stroke relative
to CEA.“® Transcarotid artery revascularization (TCAR)
with the ENROUTE Transcarotid Neuroprotection System
(Silk Road Medical, Sunnyvale, Calif) is an alternative to
CEA that has been demonstrated to be safe and effective
in protecting against embolic events. "> TCAR uses flow
reversal from the common carotid artery (CCA) into the
femoral vein with a builtin filter device to trap embolic pla-
que and debris. Blood flows through the circle of Willis
from the contralateral carotid arteries to the internal ca-
rotid artery (ICA). We present two cases of significant
changes on electroencephalography (EEG) during TCAR,
which suggest that EEG may be a useful adjunct to iden-
tify areas of cerebral hypoperfusion. Informed consent
for publication of these cases was obtained.

CASE REPORTS
Case 1. A77-year-old man with a history of right (2009) and left
(2013) CEA presented with asymptomatic high-grade stenosis of
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bilateral ICAs. Preoperative computed tomography angiography
revealed >75% stenosis of the right ICA (Fig 1, A), a clavicle to
bifurcation distance of 5.2 cm, no evidence of proximal CCA dis-
ease, and a complete circle of Willis (Fig 1, B). Because of advanced
age and history of CEA, the patient was considered for a right
TCAR under general anesthesia with EEG and somatosensory
evoked potential monitoring. Baseline EEG showed symmetric
alpha and theta waves without concerning findings (Fig 2, A).
After clamping and 1 minute on high-flow reversal, the patient
exhibited right-sided loss of amplitude, complexity, and activity
on EEG monitoring (Fig 2, B). The CCA was unclamped, flow
reversal was changed to low flow, and systolic blood pressure was
increased (Fig 2, C). The EEG recording returned to baseline
without additional adjunct measures. The CCA was clamped
again, and similar EEG changes were again noted on the right
side of the brain. After predilation with a 4.5- x 20-mm balloon,
an 8- x 40-mm ENROUTE Transcarotid stent was deployed. The
CCA was unclamped, the EEG recording improved instantly, and
postoperatively the patient was grossly neurologically intact. Total
clamp time was 4 minutes, and the total case time was
12 minutes.

Case 2. A 73-year-old man with a history of transient ischemic
attack presented with high-grade left carotid stenosis. Preop-
erative computed tomography angiography revealed 80% to
90% stenosis in the left ICA (Fig 3, A), a clavicle to bifurcation
distance of 7.3 cm, no evidence of proximal CCA disease, and a
complete circle of Willis (Fig 3, B). Because of the patient’s history
of severe pulmonary disease, TCAR was advised over CEA. EEG
with somatosensory evoked potential monitoring demonstrated
a baseline without concerning findings (Fig 4, A). After a stan-
dard exposure, the CCA was clamped and active flow reversal
commenced. Immediate EEG changes with loss of amplitude,
complexity, and activity were noted (Fig 4, B). The flow reversal
system was changed to the low-flow setting, blood pressure was
optimized (Fig 4, C), and the EEG changes improved after the
CCA was clamped for approximately 3 minutes without addi-
tional adjunctive measures. The lesion was then crossed,
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Fig 1. A, Maximum intensity projection of head and neck before transcarotid artery revascularization (TCAR)
showing high-grade stenosis of the right internal carotid artery (ICA). B, Three-dimensional reconstructed
computed tomography angiography image showing intact circle of Willis.
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Fig 2. Electroencephalogram before (A) and after (B) clamping of the common carotid artery (CCA). The
baseline electroencephalogram reveals symnmetric alpha and theta waves from the left to the ride side. The blue
lines depict activity of the left side of the brain; the red lines depict activity of the right side. After clamping of
the CCA a loss of amplitude and wave complexity was seen, reflecting changes on the right side of the brain
(arrow). The anesthesia blood pressure tracing reveals augmentation of systolic blood pressure to approximately
180 mm Hg from 120 mm Hg (C).
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predilated with a 5- x 30-mm balloon, and stented with an
8- x 40-mm stent with fluctuating EEG changes noted. After
90 seconds, angiography was performed and demonstrated
good stent apposition. Shortly after, the patient’'s EEG recording
returned to baseline, and postoperatively the patient was grossly
neurologically intact. Total clamp time was 11 minutes, and the
total case time was 81 minutes.

DISCUSSION

The introduction of TCAR has been associated with a
reduced operative stroke risk compared with transfe-
moral CAS®™ However, there is a lack of literature
regarding the utility of EEG monitoring as an adjunct to
TCAR. Our cases highlight that adjunctive EEG during
TCAR can be useful to assess compromised cerebral
blood flow and lead to the implementation of maneu-
vers to mitigate the cerebral hypoperfusion that would
not be detected or accounted for if EEG monitoring
were not used.

Without adjunctive shunting, CEA has been associated
with cerebral hypoperfusion during the period of blood
flow interruption, with rates of intraoperative stroke esti-
mated between 3% and 5%.'°'® The use of EEG has been
shown to decrease intraoperative stroke rates below
0.8% for CEA.'®?° Clamping in CEA has been associated
with EEG abnormalities, appearing in 149% to 49.1% of pa-
tients undergoing CEA'®?"?? Clamp-induced EEG
changes usually occur within the first 4 to 5 minutes after
cross-clamping and increase risk of long-term stroke up
to six times?"?® In the Safety and Efficacy Study for
Reverse Flow Used During Carotid Artery Stenting Pro-
cedure (ROADSTER), the mean flow reversal time for
TCAR was 12.9 minutes."** Flow reversal leads to concern
about cerebral perfusion for patients who do not have
adequate circulation through the circle of Willis.

Journal of Vascular Surgery Cases and Innovative Techniques
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Fig 3. A, Three-dimensional reconstructed computed tomography angiography image of head and neck before
transcarotid artery revascularization (TCAR) showing high-grade stenosis of the left internal carotid artery (ICA).
B, Maximum intensity projection showing intact circle of Willis.

Inadequate formation of collateral circulation may in-
crease the risk of cerebral hypoperfusion during carotid
clamping, and up to 91% of patients have a deviation
from the normal circle of Willis anatomy.?>?® Further
studies are needed to elucidate the percentage of pa-
tients undergoing carotid interventions who have inade-
quate collateral circulation.

During carotid clamping for CEA, shunting can be
quickly and reliably achieved if there are observed EEG
changes, thereby mitigating prolonged cerebral hypo-
perfusion. During TCAR, the relatively longer time of
flow reversal without a mechanism to reliably provide
antegrade flow to the affected cerebral hemisphere
does support the utility of regular use of EEG during
TCAR. A post hoc analysis of the ROADSTER trial found
that only 1.2% of patients exhibited slight EEG changes
during flow reversal that resolved with blood pressure
elevation, with the authors concluding that TCAR can
be performed without the use of EEG.?* Since 2017, our
institution has performed 85 TCAR procedures with a
stroke rate of 1.2% and overall stroke and death rate of
1.2%. In our experience with use of adjunctive EEG, two
patients had EEG changes (2.35%). As demonstrated,
the rate of significant EEG changes is currently greater
than our stroke rate, and our outcomes may in part be
attributed to the use of EEGC with TCAR at our institution.

Based on our experiences, we recommend EEG with
test clamping first to evaluate for EEG changes and to
identify patients at risk of cerebral hypoperfusion. If
EEG changes are present, augmentation of blood pres-
sure before repeated clamping may help decrease cere-
bral hypoperfusion.?” Furthermore, a trial of the low-flow
setting on the flow reversal system may be used.?” Other
strategies include re-establishing antegrade flow by
releasing control of the CCA clamp for 5 minutes before
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Fig 4. Electroencephalogram before (A) and after (B) clamping of the common carotid artery (CCA). The
baseline electroencephalogram reveals symnmetric alpha and theta waves from the left to the ride side. The blue
lines depict activity of the left side of the brain; the red lines depict activity of the right side. After clamping of
the CCA, a loss of amplitude and wave complexity was seen, reflecting changes on the left side of the brain
(arrow). The anesthesia blood pressure tracing reveals augmentation of systolic blood pressure to approximately

150 mm Hg from 120 mm Hg (C).

reclamping, preclamping the CCA before advancing the
sheath, and using general anesthesia to decrease cere-
bral metabolic demand.?’ Last, if EEG changes are still
severe, a decision must be made to continue in an expe-
ditious manner or to abort the case.

CONCLUSIONS

There is a paucity of knowledge about the safety of ce-
rebral blood flow reversal during TCAR. Patients under-
going TCAR rely on stroke protection by active flow

reversal without a reliable and quick method of estab-
lishing antegrade cerebral perfusion. Flow reversal relies
on intact collateral circulation through the circle of Willis.
Most patients have a circle of Willis anatomy that differs
from the normal anatomic configuration, but it is un-
known how many patients undergoing carotid interven-
tion have inadequate collateral circulation. These cases
demonstrate the utility of EEG in patients undergoing
TCAR to guide adjunctive measures to decrease cerebral
hypoperfusion.



460

Braet et al

REFERENCES

1.

10.

13.

. Paraskevas Kl,

. Vogel

. Kwolek C3J, Jaff MR, Leal 3JI,

. Malas

Coldstein LB, Adams R, Alberts M3J, Appel L3, Brass LM,
Bushnell CD, et al. Primary prevention of ischemic stroke: a
guideline from the American Heart Association/American
Stroke Association Stroke Council: cosponsored by the
Atherosclerotic Peripheral Vascular Disease Interdisciplinary
Working Group; Cardiovascular Nursing Council; Clinical
Cardiology Council; Nutrition, Physical Activity, and Meta-
bolism Council; and the Quality of Care and Outcomes
Research Interdisciplinary Working Group: the American
Academy of Neurology affirms the value of this guideline.
Stroke 2006;37:1583-633.

. Perkins W3, Lanzino G, Brott TG. Carotid stenting vs endar-

terectomy: new results in perspective. Mayo Clin Proc
2010;85:1101-8.

. White CJ. Carotid artery stenting. 3 Am Coll Cardiol 2014;64:
722-31.
. Angelini A, Reimers B, Della Barbera M, Sacca S,

Pasquetto G, Cernetti C, et al. Cerebral protection during
carotid artery stenting: collection and histopathologic anal-
ysis of embolized debris. Stroke 2002;33:456-61.

. Bennett KM, Scarborough JE. Carotid artery stenting is

associated with a higher incidence of major adverse clinical
events than carotid endarterectomy in female patients.
J Vasc Surg 2017,66:794-801.

Mikhailidis DP, Veith FJ. Mechanisms to
explain the poor results of carotid artery stenting (CAS) in
symptomatic patients to date and options to improve CAS
outcomes. J Vasc Surg 2010;52:1367-75.

TR, Dombrovskiy VY, Haser PB, Scheirer JC,
Graham AM. Outcomes of carotid artery stenting and end-
arterectomy in the United States. J Vasc Surg 2009;49:
325-30.

. Mantese VA, Timaran CH, Chiu D, Begg RJ, Brott TG. The

Carotid Revascularization Endarterectomy versus Stenting
Trial (CREST): stenting versus carotid endarterectomy for
carotid disease. Stroke 2010;41:S31-4.

. Criado E, Doblas M, Fontcuberta J, Orgaz A, Flores A, Wall LP,

et al. Transcervical carotid stenting with internal carotid ar-
tery flow reversal: feasibility and preliminary results. J Vasc
Surg 2004;40:476-83.

Pinter L, Ribo M, Loh C, Lane B, Roberts T, Chou TM, et al.
Safety and feasibility of a novel transcervical access neuro-
protection system for carotid artery stenting in the PROOF
Study. J Vasc Surg 2011;54:1317-23.

Hopkins LN, Shah RM,
Hanover TM, et al. Results of the ROADSTER multicenter trial
of transcarotid stenting with dynamic flow reversal. J Vasc
Surg 2015;62:1227-34.

. Brott TG, Hobson RW 2nd, Howard G, Roubin GS,

Clark WM, Brooks W, et al. Stenting versus endarterec-
tomy for treatment of carotid-artery stenosis. N Engl J
Med 2010:363:11-23.

Kashyap VS, King AH, Foteh MI, Janko M, Jim J,
Motaganahalli RL, et al. A multi-institutional analysis of
transcarotid artery revascularization compared to carotid
endarterectomy. J Vasc Surg 2019;70:123-9.

MB, Dakour-Aridi H, Wang GJ, Kashyap VS,
Motaganahalli RL, Eldrup-Jorgensen 3J, et al. Transcarotid
artery revascularization versus transfemoral carotid artery
stenting in the Society for Vascular Surgery Vascular Quality
Initiative. J Vasc Surg 2019;69:92-103.

Journal of Vascular Surgery Cases and Innovative Techniques

15.

17.

18.

20.

21

22.

23.

24.

25.

26.

27.

December 2019

Wang SK, Fajardo A, Sawchuk AP, Lemmon GW, Dalsing MC,
Gupta AK, et al. Outcomes associated with a transcarotid
artery revascularization-centered protocol in high-risk ca-
rotid revascularizations using the ENROUTE neuro-
protection system. J Vasc Surg 2019;69:807-13.

. Woodworth GF, McGirt MJ, Than KD, Huang J, Perler BA,

Tamargo RJ. Selective versus routine intraoperative shunting
during carotid endarterectomy: a multivariate outcome
analysis. Neurosurgery 2007;61:1170-6.

Rothwell PM, Eliasziw M, Gutnikov SA, Fox AJ, Taylor DW,
Mayberg MR, et al. Analysis of pooled data from the rando-
mised controlled trials of endarterectomy for symptomatic
carotid stenosis. Lancet 2003;361:107-16.

Barnett HJ, Taylor DW, Eliasziw M, Fox AJ, Ferguson GG,
Haynes RB, et al. Benefit of carotid endarterectomy in pa-
tients with symptomatic moderate or severe stenosis. North
American Symptomatic Carotid Endarterectomy Trial Col-
laborators. N Engl J Med 1998;339:1415-25.

. Facco E, Deriu GP, Dona B, Ballotta E, Munari M, Grego F,

et al. EEGC monitoring of carotid endarterectomy with
routine patch-graft angioplasty: an experience in a large
series. Clin Neurophysiol 1992;22:437-46.

Schneider JR, Droste JS, Schindler N, Golan JF, Bernstein LP,
Rosenberg RS. Carotid endarterectomy with routine elec-
troencephalography and selective shunting: influence of
contralateral internal carotid artery occlusion and utility in
prevention of perioperative strokes. J Vasc Surg 2002;35:
M4-22.

Collice M, Arena O, Fontana RA, Mola M, Galbiati N. Role of
EEG monitoring and cross-clamping duration in carotid
endarterectomy. J Neurosurg 1986;65:815-9.

Domenick Sridharan N, Thirumala P, Chaer R, Balzer J,
Long B, Crammond D, et al. Predictors of cross-clamp-
induced intraoperative monitoring changes during carotid
endarterectomy using both electroencephalography and
somatosensory evoked potentials. J Vasc Surg 2018;67:191-8.
Thirumala PD, Thiagarajan K, Gedela S, Crammond DJ,
Balzer JR. Diagnostic accuracy of EEG changes during ca-
rotid endarterectomy in predicting perioperative strokes.
J Clin Neurosci 2016;25:1-9.

King AH, Motaganahalli RL, Siddiqui A, DeRubertis B,
Moore WS, DiMuzio P, et al. Temporary reversal of blood flow
during transcarotid artery revascularization does not change
brain electrical activity in lead-in cases of the ROADSTER 1
multicenter trial. J Endovasc Ther 2018;25:773-8.

Lee JH, Choi CG, Kim DK, Kim GE, Lee HK, Suh DC. Rela-
tionship between circle of Willis morphology on 3D time-of-
flight MR angiograms and transient ischemia during
vascular clamping of the internal carotid artery during ca-
rotid endarterectomy. AJNR Am J Neuroradiol 2004;25:
558-64.

Pennekamp CW, van Laar PJ, Hendrikse J, den Ruijter HM,
Bots ML, van der Worp HB, et al. Incompleteness of the circle
of Willis is related to EEG-based shunting during carotid
endarterectomy. Eur J Vasc Endovasc Surg 2013;46:631-7.
Malas MB, Leal J, Kashyap V, Cambria RP, Kwolek C3J,
Criado E. Technical aspects of transcarotid artery revascu-
larization using the ENROUTE transcarotid neuroprotection
and stent system. J Vasc Surg 2017;65:916-20.

Submitted Jul 6, 2019; accepted Sep 12, 2019.


http://refhub.elsevier.com/S2468-4287(19)30129-7/sref1
http://refhub.elsevier.com/S2468-4287(19)30129-7/sref1
http://refhub.elsevier.com/S2468-4287(19)30129-7/sref1
http://refhub.elsevier.com/S2468-4287(19)30129-7/sref1
http://refhub.elsevier.com/S2468-4287(19)30129-7/sref1
http://refhub.elsevier.com/S2468-4287(19)30129-7/sref1
http://refhub.elsevier.com/S2468-4287(19)30129-7/sref1
http://refhub.elsevier.com/S2468-4287(19)30129-7/sref1
http://refhub.elsevier.com/S2468-4287(19)30129-7/sref1
http://refhub.elsevier.com/S2468-4287(19)30129-7/sref1
http://refhub.elsevier.com/S2468-4287(19)30129-7/sref1
http://refhub.elsevier.com/S2468-4287(19)30129-7/sref2
http://refhub.elsevier.com/S2468-4287(19)30129-7/sref2
http://refhub.elsevier.com/S2468-4287(19)30129-7/sref2
http://refhub.elsevier.com/S2468-4287(19)30129-7/sref3
http://refhub.elsevier.com/S2468-4287(19)30129-7/sref3
http://refhub.elsevier.com/S2468-4287(19)30129-7/sref4
http://refhub.elsevier.com/S2468-4287(19)30129-7/sref4
http://refhub.elsevier.com/S2468-4287(19)30129-7/sref4
http://refhub.elsevier.com/S2468-4287(19)30129-7/sref4
http://refhub.elsevier.com/S2468-4287(19)30129-7/sref5
http://refhub.elsevier.com/S2468-4287(19)30129-7/sref5
http://refhub.elsevier.com/S2468-4287(19)30129-7/sref5
http://refhub.elsevier.com/S2468-4287(19)30129-7/sref5
http://refhub.elsevier.com/S2468-4287(19)30129-7/sref6
http://refhub.elsevier.com/S2468-4287(19)30129-7/sref6
http://refhub.elsevier.com/S2468-4287(19)30129-7/sref6
http://refhub.elsevier.com/S2468-4287(19)30129-7/sref6
http://refhub.elsevier.com/S2468-4287(19)30129-7/sref7
http://refhub.elsevier.com/S2468-4287(19)30129-7/sref7
http://refhub.elsevier.com/S2468-4287(19)30129-7/sref7
http://refhub.elsevier.com/S2468-4287(19)30129-7/sref7
http://refhub.elsevier.com/S2468-4287(19)30129-7/sref8
http://refhub.elsevier.com/S2468-4287(19)30129-7/sref8
http://refhub.elsevier.com/S2468-4287(19)30129-7/sref8
http://refhub.elsevier.com/S2468-4287(19)30129-7/sref8
http://refhub.elsevier.com/S2468-4287(19)30129-7/sref9
http://refhub.elsevier.com/S2468-4287(19)30129-7/sref9
http://refhub.elsevier.com/S2468-4287(19)30129-7/sref9
http://refhub.elsevier.com/S2468-4287(19)30129-7/sref9
http://refhub.elsevier.com/S2468-4287(19)30129-7/sref10
http://refhub.elsevier.com/S2468-4287(19)30129-7/sref10
http://refhub.elsevier.com/S2468-4287(19)30129-7/sref10
http://refhub.elsevier.com/S2468-4287(19)30129-7/sref10
http://refhub.elsevier.com/S2468-4287(19)30129-7/sref11
http://refhub.elsevier.com/S2468-4287(19)30129-7/sref11
http://refhub.elsevier.com/S2468-4287(19)30129-7/sref11
http://refhub.elsevier.com/S2468-4287(19)30129-7/sref11
http://refhub.elsevier.com/S2468-4287(19)30129-7/sref12
http://refhub.elsevier.com/S2468-4287(19)30129-7/sref12
http://refhub.elsevier.com/S2468-4287(19)30129-7/sref12
http://refhub.elsevier.com/S2468-4287(19)30129-7/sref12
http://refhub.elsevier.com/S2468-4287(19)30129-7/sref13
http://refhub.elsevier.com/S2468-4287(19)30129-7/sref13
http://refhub.elsevier.com/S2468-4287(19)30129-7/sref13
http://refhub.elsevier.com/S2468-4287(19)30129-7/sref13
http://refhub.elsevier.com/S2468-4287(19)30129-7/sref14
http://refhub.elsevier.com/S2468-4287(19)30129-7/sref14
http://refhub.elsevier.com/S2468-4287(19)30129-7/sref14
http://refhub.elsevier.com/S2468-4287(19)30129-7/sref14
http://refhub.elsevier.com/S2468-4287(19)30129-7/sref14
http://refhub.elsevier.com/S2468-4287(19)30129-7/sref15
http://refhub.elsevier.com/S2468-4287(19)30129-7/sref15
http://refhub.elsevier.com/S2468-4287(19)30129-7/sref15
http://refhub.elsevier.com/S2468-4287(19)30129-7/sref15
http://refhub.elsevier.com/S2468-4287(19)30129-7/sref15
http://refhub.elsevier.com/S2468-4287(19)30129-7/sref16
http://refhub.elsevier.com/S2468-4287(19)30129-7/sref16
http://refhub.elsevier.com/S2468-4287(19)30129-7/sref16
http://refhub.elsevier.com/S2468-4287(19)30129-7/sref16
http://refhub.elsevier.com/S2468-4287(19)30129-7/sref17
http://refhub.elsevier.com/S2468-4287(19)30129-7/sref17
http://refhub.elsevier.com/S2468-4287(19)30129-7/sref17
http://refhub.elsevier.com/S2468-4287(19)30129-7/sref17
http://refhub.elsevier.com/S2468-4287(19)30129-7/sref18
http://refhub.elsevier.com/S2468-4287(19)30129-7/sref18
http://refhub.elsevier.com/S2468-4287(19)30129-7/sref18
http://refhub.elsevier.com/S2468-4287(19)30129-7/sref18
http://refhub.elsevier.com/S2468-4287(19)30129-7/sref18
http://refhub.elsevier.com/S2468-4287(19)30129-7/sref19
http://refhub.elsevier.com/S2468-4287(19)30129-7/sref19
http://refhub.elsevier.com/S2468-4287(19)30129-7/sref19
http://refhub.elsevier.com/S2468-4287(19)30129-7/sref19
http://refhub.elsevier.com/S2468-4287(19)30129-7/sref20
http://refhub.elsevier.com/S2468-4287(19)30129-7/sref20
http://refhub.elsevier.com/S2468-4287(19)30129-7/sref20
http://refhub.elsevier.com/S2468-4287(19)30129-7/sref20
http://refhub.elsevier.com/S2468-4287(19)30129-7/sref20
http://refhub.elsevier.com/S2468-4287(19)30129-7/sref20
http://refhub.elsevier.com/S2468-4287(19)30129-7/sref21
http://refhub.elsevier.com/S2468-4287(19)30129-7/sref21
http://refhub.elsevier.com/S2468-4287(19)30129-7/sref21
http://refhub.elsevier.com/S2468-4287(19)30129-7/sref22
http://refhub.elsevier.com/S2468-4287(19)30129-7/sref22
http://refhub.elsevier.com/S2468-4287(19)30129-7/sref22
http://refhub.elsevier.com/S2468-4287(19)30129-7/sref22
http://refhub.elsevier.com/S2468-4287(19)30129-7/sref22
http://refhub.elsevier.com/S2468-4287(19)30129-7/sref23
http://refhub.elsevier.com/S2468-4287(19)30129-7/sref23
http://refhub.elsevier.com/S2468-4287(19)30129-7/sref23
http://refhub.elsevier.com/S2468-4287(19)30129-7/sref23
http://refhub.elsevier.com/S2468-4287(19)30129-7/sref24
http://refhub.elsevier.com/S2468-4287(19)30129-7/sref24
http://refhub.elsevier.com/S2468-4287(19)30129-7/sref24
http://refhub.elsevier.com/S2468-4287(19)30129-7/sref24
http://refhub.elsevier.com/S2468-4287(19)30129-7/sref24
http://refhub.elsevier.com/S2468-4287(19)30129-7/sref25
http://refhub.elsevier.com/S2468-4287(19)30129-7/sref25
http://refhub.elsevier.com/S2468-4287(19)30129-7/sref25
http://refhub.elsevier.com/S2468-4287(19)30129-7/sref25
http://refhub.elsevier.com/S2468-4287(19)30129-7/sref25
http://refhub.elsevier.com/S2468-4287(19)30129-7/sref25
http://refhub.elsevier.com/S2468-4287(19)30129-7/sref26
http://refhub.elsevier.com/S2468-4287(19)30129-7/sref26
http://refhub.elsevier.com/S2468-4287(19)30129-7/sref26
http://refhub.elsevier.com/S2468-4287(19)30129-7/sref26
http://refhub.elsevier.com/S2468-4287(19)30129-7/sref27
http://refhub.elsevier.com/S2468-4287(19)30129-7/sref27
http://refhub.elsevier.com/S2468-4287(19)30129-7/sref27
http://refhub.elsevier.com/S2468-4287(19)30129-7/sref27

	The utility of adjunctive electroencephalography while performing transcarotid artery revascularization
	Case reports
	Case 1
	Case 2

	Discussion
	Conclusions
	References


