
Cognitive function after carotid endarterectomy in asymptomatic 
patients

Edward C. OH1,*, Natalie D. SRIDHARAN1, Efthymios D. AVGERINOS2,3

1Division of Vascular Surgery, University of Pittsburgh Medical Center, Pittsburgh, PA, USA;

2Clinic of Vascular and Endovascular Surgery, Athens Medical Group, Athens, Greece;

3Department of Vascular Surgery, Attikon Hospital, University of Athens, Athens, Greece

Abstract

Asymptomatic carotid stenosis has been shown to be associated with progressive neurocognitive 

decline, but the effects of carotid endarterectomy (CEA) on this are not well defined. Due to 

the wide heterogeneity of studies and lack of standardization in cognitive function tests and 

study design, there is mounting scientific evidence to support the notion that CEA is effective 

in reversing or slowing neurocognitive decline; however, definitive conclusions are difficult to 

make. Further, while the association between ACS and cognitive decline has been well document, 

a direct etiological role has not been established. More research is required to elucidate the 

relationship between asymptomatic carotid stenosis and the benefit of carotid endarterectomy and 

its potential protective effects regarding cognitive decline. This article aims to review current 

evidence in preoperative and postoperative cognitive function in asymptomatic patients with 

carotid stenosis undergoing CEA.
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There is a growing body of evidence suggesting that asymptomatic carotid stenosis 

(ACS) may be associated with progressive neurocognitive decline, but the effects of 

carotid endarterectomy (CEA) on preventing or improving cognitive decline are poorly 

defined.1 Cognitive changes from ACS are thought to be due to pathophysiological 

effects such as silent microembolization or chronic hypoperfusion due to carotid stenosis, 

though there is some debate regarding which is the dominant factor. Silent cortical 

infarcts via micro embolization have been shown to occur in 17–33% of patients 
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with ACS and this can increase the likelihood of dementia.2, 3 Despite the theoretical 

decrease in microembolization events and potential neurocognitive improvement after 

carotid endarterectomy, the trajectory of neurocognitive function after CEA is not firmly 

established. MRIs performed after CEA have demonstrated that silent infarcts continue 

to occur after surgery, which have been correlated with post-carotid surgery cognitive 

decline.4–6 The overall effect of surgical intervention on cognition is confounded by several 

other factors, including intra- and perioperative hypoperfusion, lingering effects of general 

anesthesia and postoperative hyperperfusion.7, 8 This review will summarize some of the 

available data and controversies on neurocognitive outcomes after CEA in patients with 

ACS and the potential role carotid revascularization may play in improving neurological 

outcomes.

Existing controversy in CEA’s effect on cognitive decline

The debate over optimal medical treatment (OMT) alone vs. OMT combined with CEA 

for ACS has not been set tled. Advances in pharmacologic management of ACS and 

newer trials are providing additional insights towards a continuous improvement of CEA 

outcomes regarding the endpoints of stroke, myocardial infarction (MI), and death.9–13 

Still, with several trials being unable to demonstrate a clear-cut meaningful difference in 

stroke and death rates between OMT and surgery, other factors or patient-centered outcomes 

such as cognitive decline have become more relevant in determining treatment strategies. 

There is evidence to support a correlation between ACS and cognitive impairment, yet the 

complex interplay of the pathophysiological process of microembolization, silent cortical 

infarction and cognitive impairment are still not well defined.14 The reported benefits 

of carotid revascularization in asymptomatic patients regarding prevention of cognitive 

decline are mixed in the existing literature. Several systematic reviews have been published 

in recent years which compared pre and postoperative cognitive function after carotid 

endarterectomy (CEA) in patients with asymptomatic carotid stenosis (ACS).14–16 The 

studies incorporated in these systematic reviews have significant heterogeneity, variation in 

cognitive tests administered, timing of the assessments, control populations used, number 

of patients and the degree of severity of the asymptomatic carotid. While CEA may serve 

as a potential preventative procedure in preventing or slowing cognitive impairment, further 

research is required before it should become part of the ACS management decision-making 

model. However, there is acknowledgement from European (ESVS) and US (SVS) societal 

guidelines that this linkage likely exists and may factor into medical or surgical decision 

making in the future, yet evidence is not robust yet to justify a recommendation for 

CEA as a means to improve cognitive function.17–19 Until new evidence clearly identifies 

at-risk ACS subgroups for developing cognitive impairment, which is then improved by 

carotid intervention or demonstrates that silent embolization from ACS causes cognitive 

impairment, indications for carotid intervention in ACS patients (to prevent or reverse 

cognitive decline) are lacking. It is important to recognize that the confluence of factors 

contributing to poorer vascular health may also affect cognition, and many other factors may 

also contribute to which patients experience procedure-related cognitive changes.
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Literature reviews

Sridharan et al. conducted a systematic review to compare pre- and postoperative 

neurocognitive function in asymptomatic carotid stenosis patients.15 The 13 included 

studies comprised a mix of retrospective, prospective and clinical trials. Smaller series and 

studies that included carotid stenting or symptomatic patients were excluded, which was 

a common theme amongst the systematic reviews. Some of the neurocognitive assessment 

tools used were the Mini Mental State Exam (MMSE) or Montreal Cognitive Assessment 

(MoCA) Score, although there were some other tools to a lesser extent. Six studies 

showed cognitive decline or no change in cognitive performance enrolled a total of 230 

patients and follow-up ranged from 24 hours to 3 years after CEA.20–25 Seven studies 

enrolled 272 patients with follow-up ranging between 1 and 12 months, which showed 

statistically significant cognitive function improvement after CEA. Two of these studies 

were small (N.=28 and N.=25) and utilized other neurophysiological improvement tests like 

the Stroop color and word tests25,26, but showed significant neurocognitive improvement 

after carotid endarterectomy at 6 months. Of note, Paraskevas notes in a follow-up editorial 

that there were an additional eight studies that were potentially missed,26 but these studies 

were intentionally excluded from the analysis as they included symptomatic patients and 

carotid artery stenting.15 Sridharan’s review also included studies that looked at imaging 

findings in patients after carotid endarterectomy. Porcu et al.27 demonstrated that CEA 

improved MMSE scores and MRI-based hemispheric connectivity 1 week before and 3–

6 months after surgery. Another study by Dempsey et al.28 showed that patients with 

ACS underwent CEA and had improved visual and cognitive memory tests and unchanged 

white matter hyperintensities on MRI after 1-year follow-up. Kojima et al.29 demonstrated 

significant improvement in brain perfusion and cognitive function in 21% of their cohort 

of asymptomatic patients, where single-photon emission CTs were performed at 1-month 

pre- and postintervention. Finally, the authors present data from a randomized trial from 

the University of Pittsburgh (PA, USA) neurocognitive function in both asymptomatic and 

symptomatic carotid stenosis patients.30 They ultimately found that one month after CEA, 

there was statistically significant improvement in MOCA scores, and tests of executive 

function and processing speed. Additionally, there was no meaningful difference in cognitive 

improvement between symptomatic and asymptomatic patients. Another systematic review 

published in 2021 by Paraskevas et al.16 comprised of 35 studies, comparing all severities 

of ACS, concluded that 33/35 (94%) of the studies reported an association between ACS 

and cognitive decline with only one of the cross-sectional studies included reporting no 

association.31 Of the six longitudinal studies, five analyzed MMSE changes at 1–3 years 

while the Osaka Follow-Up Study for Carotid Atherosclerosis followed patients out to 8 

years, which showed that 57/600 patients (9.5%) developed cognitive decline by 8 years. 

Compared to controls, patients with > 50% ACS were not more likely to develop dementia 

(OR=1.4, 95% CI: 0.6–3.2). In contrast, patients with prior lacunar infarcts were more 

likely to develop dementia (OR=2.6, 95% CI: 1.2–6.1).32 The Annals of Internal Medicine 

Cardiovascular Health Study reported that patients with severe (>75%) ACS were more 

likely to develop cognitive dysfunction compared to controls (OR=2.6, 95% CI: 1.1–6.3).33 

Studies analyzing cerebral vascular reserve (CVR) were also looked at in this review; the 

primary finding was that patients with impaired CVR had significant cognitive impairment 
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vs. controls, but those with baseline CVRs despite ACS did not have significant cognitive 

impairment.34, 35 A subsequent systematic review by Ancetti et al. in 2021 assessed the role 

of CEA and carotid artery stenting (CAS) on postoperative neurocognition in asymptomatic 

carotid stenosis patients.14 Thirty-one studies were included in the final review. 18/31 

studies reported CEA outcomes, which stated that in early postoperative outcomes, there 

was no significant change (1086/2059=53%) or even slightly worse cognitive function 

in the early postoperative period (28/2059=1%).25 This trend held true between small, 

medium and large-sized studies, in studies with controls vs. those that did not, and even 

in comparing outcomes after CEA vs. CAS. Regarding cognitive function in the late 

postoperative period after endarterectomy, there were 12 cohorts (N.=1264) and one reported 

a significant improvement in cognitive function (24/1554=1.5%), while eleven cohorts 

reported no significant change (1073/1554=69%) with some showing improvement in one 

or two specific domains (386/2059=24.8%). Only one cohort reported significant worsening 

or decline in cognitive function in the late postoperative period (28/2059=1.8%). Finally, 

a recently published prospective study by Zhou et al. looked at 170 patients with severe 

asymptomatic carotid stenosis who underwent CEA. Patients received neurocognitive testing 

at 1, 6 and 12 months postoperative and the primary outcome measure was measured 

via the Rey Auditory Verbal Learning Test (RAVLT). The authors observed a significant 

improvement in RAVLT memory scores at 1 and 6 months and multiple executive functions 

up to 12 months as well. They concluded carotid intervention improved memory and 

executive function in patients with severe ACS and could provide a cognitive benefit in 

select patients.36

CEA versus CAS effect in cognitive decline

Between CEA and CAS, Capoccia et al. reported a significant decline in cognitive function 

on postoperative day 1 with stenting but not CEA.25 Otherwise, most of the other studies 

observed no statistically significant difference between CEA and CAS, especially after six 

months.37 In analyzing late cognitive function, depending on the study, different domains 

of neurocognitive function were improved with CEA improving working memory and 

CAS improving executive and motor function, psychomotor speed, and visuospatial and 

constructional abilities.21, 38 Several studies within this review reported that postoperative 

increase in cerebral blood flow correlated with improved cognitive function. Younger ACS 

patients appeared to have significantly greater improvements in postoperative cognitive 

dysfunction. Further, patients on statin medical therapy prior to carotid intervention had less 

postoperative cognitive dysfunction, possibly suggesting the physiological role of plaque 

stabilization, compared to statin native patients (11% vs. 20%; OR=0.51, 95% CI: 0.27–

0.96, P=0.04).39

Discussion

There is growing interest in other potential impacts of carotid revascularization, such as the 

potential for preventing or reversing cognitive decline as even mild decline can negatively 

affect a patient’s quality of life (QoL).40 Given the established correlation between 

ACS and cognitive decline. It is reasonable to hypothesize that CEA could potentially 

improve a patient’s cognitive function and their QoL beyond future stroke prevention 
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by improving brain perfusion and reducing microembolization.41 The true prevalence of 

cognitive impairment in ACS patients and ultimately, how to integrate this factor into 

patient-centered outcome and decision-making regarding for CEA is however unclear.42, 43 

The results of all the systematic reviews overall do not show convincing evidence for CEA 

in asymptomatic patients in preventing or reducing cognitive decline, but the studies that 

compromise the systematic reviews are widely heterogeneous in their design, time period 

measured, and study populations. This demonstrates a need for a standardized cognitive 

assessment tool that has been validated and can be retroactively used to compare existing 

studies with newer prospective ones. A lack of a standardized assessment timetable is also 

noticeable; several authors suggest testing 1 month after surgery and at 6 months and 1 year, 

if possible.9 There was no evidence that silent cortical infarcts due to microembolization 

was responsible for cognitive impairment; further, while lacunar infarcts or white matter 

dysfunction are known to cause cognitive impairment/dementia, it is difficult to suggest 

that ACS plays a direct role at this time. There was also little evidence to support the 

concern that CEA (or CAS) could lead to significant cognitive decline, early or late, 

due to intraoperative microembolization, hypoperfusion or postoperative hyperperfusion. 

Ultimately, data interpretation was confounded by the vast heterogeneity of studies included, 

especially regarding timeline of follow up with neurocognitive tests and with variation 

amongst the tests and tools themselves across all the reviews. Despite similar methodology 

of the systematic reviews (such as utilizing the Newcastle-Ottawa Scale to vet studies), 

different conclusions were reached based on the inclusion/exclusion criteria and variety of 

studies. Over 90% of studies included did report an association between ACS and cognitive 

impairment, but this does not imply a direct etiological role in the pathophysiology of 

cognitive dysfunction, whether it is due to chronic hypoperfusion, microembolization, or 

another phenomenon. Despite the limitations mentioned above, some individual studies do 

purport a measurable benefit with different imaging modalities in conjunction with validated 

neurocognitive tests. Additionally, upcoming CREST-H results where the primary outcome 

is change in cognition and nonrandomized subgroup analyses of the data could provide some 

insight as to whether or not cognitive impairment will be a useful clinical marker to identify 

patients for carotid revascularization as well.44

Conclusions

Overall, carotid revascularization and optimal medical therapy provide an intriguing 

option in preventing or reversing cognitive decline. Currently, the role of surgical carotid 

revascularization is still controversial in asymptomatic carotid stenosis. Much of the data 

supporting endarterectomy is historical and the 2017 European Society for Vascular Surgery 

(ESVS) Guidelines support more reserved intervention on a smaller subset of patients. 

Several systematic reviews suggest that surgical carotid revascularization with CEA in ACS 

patients is rarely associated with significant cognitive improvement, but there was also 

no association with postoperative cognitive decline as well (early or late). However, the 

potential protective effects of CEA in certain specific populations of asymptomatic carotid 

stenosis patients could tip the scale in favor of surgical intervention in a particular subset 

of patients as well. Further randomized studies are needed to assess the effect of CEA on 

cognitive function in patients with asymptomatic carotid stenosis.
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