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ABSTRACT

Objective: To evaluate the differences in neurocognitive 
abilities between the preoperative and postoperative peri-
ods following carotid endarterectomy (CEA), due to carotid 
artery stenosis, and to evaluate the effectiveness of CEA on 
neurocognitive abilities in the future.

Material and methods: Thirty-eight cases of CEA sur-
gery at Bozok University Faculty of Medicine Research Hos-
pital between January 2015 and June 2020 were examined. 
Neurocognitive tests were performed on carotid endarterec-
tomy patients one day before the operation and on the 2nd, 
4th, and 30th postoperative days. The effect of CEA on cog-
nitive results has been investigated.

Results: Of the patients, eight were female (21.1%), 30 
were male (78.9%), and the mean age was 66 ± 4.09. Thirty-
two (84.21%) of the patients were operated on under gen-
eral anesthesia and six (15.78%) under regional anesthesia. A 
shunt was used in 19 patients. Right carotid endarterectomy 
was performed in 20 cases and left carotid endarterectomy in 
18 cases. We used the primary closure technique in two of 38 
cases and patches on 36 of them. We used Dacron in 21 cases, 
PTFE in 12 cases, and saphenous vein as a patch in three 
cases. In the WMS digit spam and recall scores, the postop-
erative period fell on the 2nd day, and then on the 4th and 
30th day after the operation, there was a low level of increase 
over time. Compared with the preoperative period, the learn-
ing score was found to be the lowest on the 2nd day, lower 
on the 4th day compared with the preoperative period and 
improved compared with the preoperative period on the 30th 
day. There was no decrease in the verbal fluency test score 
results after the operation, on the contrary, it was observed 
minimally. The test score results cumulatively were decreased 
in the early postoperative periods compared with the preop-
erative period and increased on the 30th day compared with 
the preoperative period.

Conclusion: The purpose of CEA in the past was the 
prevention of ischemic stroke and cerebrovascular disease 
(CVD) rather than neurocognitive recovery. Factors affecting 

neurocognition in CEA are multifactorial. Preservation and 
improvement of neurocognition are more important than 
any other period of history. By prioritizing cognitive abilities 
in the treatment of carotid stenosis, individualization of the 
treatment will help maximize the increase in cognitive abilities 
by providing optimum benefit to the patient of each factor.

INTRODUCTION

In many studies, carotid endarterectomy (CEA) has been 
shown to prevent the development of stroke [North Ameri-
can Symptomatic Carotid Endarterectomy Trial Collabora-
tors 1991; European Carotid Surgery Trialists' Collaborative 
Group 1991]. Neurocognitive abilities are the mental pro-
cesses of memory and perception that provide learning, prob-
lem-solving and future planning, and cognitive dysfunction 
is defined as a decrease in these processes [Hanning 2005]. 
The distinction between cognitive deficit and neurologi-
cal deficiency is that the first is related to the loss of mental 
processes, such as the ability to think and remember, and the 
second is related to movement, sensory, or motor function 
loss. Vascular neurocognitive dysfunction (VNCD) due to 
vascular insufficiency is a clinical entity that causes cognitive 
impairment, and carotid stenosis plays an important role in 
its etiology [Bowler 2002]. Studies have shown that carotid 
artery stenosis leads to a decrease in neurocognitive abilities 
[Jackson 2015]. However, according to the research made 
on the effect of the treatment of stenosis on cognitive skills, 
there are controversial results and consensus has not been 
reached. There have been studies showing improvement in 
cognitive function, decreased function, mixed results, or no 
change [Feliziani 2010; Rasmussen 2006].

There are a variety of reasons that will affect cognitive abil-
ities after CEA. These include microembolization, general 
anesthesia, use of carotid clamps, hypoxia during the opera-
tion, and hyperperfusion due to postoperative regulation dis-
order. The age of the population with CEA is advanced and 
probably has comorbidities that would be related to previous 
different degrees of cognitive impairment [Busse 2003]. The 
effects of the surgical process on existing comorbidities and 
the treatments applied may also be other factors on cognitive 
results. Our aim in this study is to compare the preoperative 
and postoperative neurocognitive states of patients with CEA 
and to examine how the elimination of carotid stenosis affects 
neurocognitive abilities.
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MATERIAL AND METHODS

Thirty-eight cases undergoing carotid endarterectomy sur-
gery at Bozok University Medical Faculty Research Hospital 
between January 2015 and June 2020 were included in our 
prospective study. Eight of the patients (21.1%) were female, 
30 of the cases (78.9%) were male and the mean age was 66 ± 
4.09. Since our cases were interned, additional diseases were 
investigated, and the pathologies detected were treated in the 
preoperative period. Thirty-two of the patients were operated 
on under general anesthesia and six under regional anesthesia. 
Right carotid endarterectomy was performed in 20 (52.63%) 
and left carotid endarterectomy in 18 (47.36%) of the cases. 
Cases with asymptomatic stenosis> 70% and symptomatic> 
50% in angiography results were accepted as CEA opera-
tion indication. CEA performed with primary suturing and 
patching is called conventional (classical) endarterectomy in 
terminology. Our cases were operated with the classical tech-
nique by the same operational team. The cases had stopped 
smoking at least one week before the operation. In patients 
with hypertension and chronic obstructive pulmonary disease 
(COPD), preoperative blood pressure was regulated and the 
proper bronchodilator treatment of pulmonary diseases was 
provided. Blood glucose regulation of diabetic patients and 
antilipidemic treatments of patients with hyperlipemia were 
performed. In addition to blood sugar and cholesterol, vitamin 
B12, and vitamin D levels, which are effective factors in cog-
nitive abilities, were examined, and replacement therapy was 
provided for those who were deficient. In addition to blood 
gas monitoring from the brachial artery during the operation, 
an oximeter probe was placed on the frontal area, and regional 
cerebral oximetry measurements were performed before and 
during the operation. The tests used in the study were deter-
mined and scored by the department of the neurology depart-
ment. Verbal Memory Process Test (immediate memory 
score, learning score, and recall score) Wechsler Memory 
Scale (WMS) Digit Span, Verbal Fluency Test was used in the 
study. Neurocognitive tests of the patients undergoing carotid 
endarterectomy were performed at the outpatient clinic one 
day before the operation, on the postoperative 2nd, 4th, and 
30th days. The test scores made before the operation were 
accepted as base points. The difference between the preopera-
tive and postoperative points was examined.

Neurological tests were defined as follows:
1) Verbal Memory Process Test: There are 15 words in the 

first column, the words are said by the practitioner, and the 
patient repeats afterward. Each word known by the patient 
will be recorded as 1 point. The words he/she said wrong and 
repeated are determined by recording as -1 (minus one) point. 
This is recorded as an immediate memory score. The process 
is repeated a total of 10 times. The remembered words are 
recorded as a learning score. After 30 minutes, the first test 
is repeated and the words are asked to be remembered by the 
patient, which is recorded as recall score.

2) Wechsler Memory Scale (WMS) Digit Span: Forward 
span; starting with a 3-digit number, the patient is told one 
by one and asked to repeat. When successful, the number of 
digits is increased. If it is not successful, the second attempt is 

made with the same number of digits and a different number. 
The last number of digits that the patient is successful is 
determined as the forward digit range score. Backward span; 
the patient is asked to express the steps told to the patient in 
reverse. The scoring is the same as in the forward range.

3) Verbal Fluency Test: Within a minute, the patient is 
asked to say the animal names he knows. One point is awarded 
for each name. Names that are repeated more than once and 
that are irrelevant are recorded as -1 (minus one) points. The 
verbal fluency score is determined by summing up.

Inclusion criteria: Patients between the ages of 18-80, 
with no known CVO disease, a history of stroke, and no psy-
chotic or neurotic disease, who read and signed the informed 
consent form, and underwent elective CEA operation were 
included. Because the evaluation of the patients with the 
given qualifications by neurocognitive tests would not be suf-
ficiently leading to inaccurate statistical analysis.

Exclusion criteria: Those with a history of urgent opera-
tion, malignancy, a preoperative infection, preoperative 
kidney disease diagnosis (detected in any of preoperative labo-
ratory tests), preoperative hepatic disease diagnosis (detected 
in any of preoperative laboratory tests), second operation for 
postoperative complications, history of stroke, and psychotic 
and neurotic disease, and who did not sign the informed con-
sent form, were excluded from the evaluation.

Ethical statement: The design of the study was a ret-
rospective study and approved by the Ethics Committee of 
Bozok University Medicine Faculty Hospital (Yozgat, Turkey) 
(2017-KAEK-189_2020.06.23_03).

Statistical analysis: Among descriptive statistics, frequency, 
percentage, mean, standard deviation, median, and minimum 
and maximum values are given. Normality assumptions were 
examined using the Shapiro-Wilk test. For the neurocognitive 
test scores, the differences in the preoperative, postoperative 
2nd day, and postoperative 4th day and 30th day were evalu-
ated by Friedman Test. When the result of the Friedman test 
was significant, paired comparisons were made with the Wil-
coxon test. After the Bonferroni correction procedure, P values 
less than 0.05 were considered statistically significant. Analyses 
were made with SPSS 22.0 package program.

RESULTS

Education level of our cases: six (15.6%) literate, 16 
(42.1%) primary school, eight (21.1%) secondary school, five 
(12.8%) high school, two (5%) university, and one (2.6%) 
doctorate level. (Table 1) Additional diseases of the cases are 
seen in Table 2. (Table 2) Thirty-two (84.21%) of the cases 
were operated on under general anesthesia and six under local 
anesthesia. Eight of 18 cases with coronary artery disease had 
carotid and cardiac revascularization indications. Among 
these patients, priority was given to cardiac revascularization. 
In one case, combined surgery (carotid + coronary cardiopul-
monary bypass) was performed. Of seven patients who under-
went coronary bypass before CEA, off-pump coronary revas-
cularization was achieved in four cases and on-pump coronary 
revascularization was achieved in three cases. Approximately 
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30 days after coronary revascularization, CEA was performed.
Left CEA was performed in 18 patients and right CEA in 

20. The mean total operation time was 52.4 ± 9 minutes, the 
mean arterial clamping time was recorded as 21.8 ± 3.2 min-
utes. We used intravascular shunt in 19 patients with bilateral 
carotid disease for whom we predicted ischemia risk within 
the time of arterial clamping. Dacron was used in 21 (55.26%) 
patients, PTFE in 12 patients (31.57%), and saphenous vein 
in three patients (8.57%) as the graft. Primary repair was 
done in two (5.26%) patients. In the preoperative evalu-
ation of the patients, although 20 of our patients (52.63%) 
were followed up with a diagnosis of diabetes mellitus, seven 
(18.42%) of these patients had uncontrolled blood glucose 
level regulation. Glycemia was regulated in hyperglycemic 
cases. In 13 (34.21%) patients with hyperlipidemia, lipidemic 
control was achieved by regulating medical treatment in five 
(13.15%) of the patients. Vitamin D deficiency was detected 
in 20 patients (52.63%) and vitamin B12 deficiency in four 
patients (10.52%). Vitamin deficiency was treated with sub-
stitution therapy in these patients and normalized levels were 
achieved. Five patients (14.28%) presented to our clinic with 
a history of cerebrovascular disease (CVD) in the last three 
months. Cases with a fixed deficit, no deficit, and cases with 

infarction smaller than 2 cm on CT were operated after 15 
days, and in other patients, CEA was performed at the end of 
the following 6-week recovery period. In angiography exami-
nation, unilateral carotid stenosis was present in 22 (57.89%) 
cases, bilateral carotid stenosis in 16 (42.10%) cases, ulcer-
ated plaque in four (10.52%) cases, and unilateral complete 
carotid stenosis in three (7.89%) cases. After CEA, transient 
ischemic attack was observed in six (15.78%) cases, dyspha-
gia in three (7.89%) patients, hypertension in nine (23.68%) 
cases, hypotension in one (2.63%) case, wound hematoma 
in four (10.52%) patients, and wound infection in one case 
(2.63%). With medical treatment, pathologies improved, and 
no mortality occurred. Neurocognitive tests were applied to 
our cases on the preoperative 1st day, and on the postopera-
tive 2nd, 4th and 30th days.

In the immediate memory score results, the mean value of 
the preoperative score was 5, 10, 3.90 on the postoperative 
2nd day, 3.94 on the postoperative 4th day, and 6.13 on the 
postoperative 30th day. According to these results, the big-
gest increase occurred on the postoperative 30th day, how-
ever, a statistically significant decrease was found between 
the preoperative values and postoperative 2nd and 4th days. 
Although there is a significant decrease in the postoperative 
4th day compared with the preoperative score and an increase 
compared with the postoperative 2nd day, it is not statistically 
significant. A statistically significant increase in immediate 
memory score on the postoperative 30th day compared with 
the preoperative and postoperative days 2nd and 4th days 
were observed. (Table 3)

In the learning scores, according to preoperative scores, 
a decrease in the postoperative 2nd and 4th days and an 
increase on the 30th day were found to be statistically sig-
nificant. While the fall was apparent on the postoperative 
2nd day, it increased less by being below the preop level on 
the postoperative 4th day and recovered on the postoperative 
30th day. (Table 4)

In the recall scores, according to preoperative scores, a 
decrease on the postoperative 2nd day and an increase on 
the postoperative 30th day were found to be statistically sig-
nificant. There was a statistically insignificant increase in the 
postoperative 4th day compared with the postoperative 2nd 
day. On the postoperative 30th day, there was a significant 
increase compared with previous measurements. (Table 5)

Although the verbal fluency score results are better than 
the previous one in each measurement, the P-value is higher 
than 0.05 in the comparison of the measurements on the post-
operative 2nd and 4th days compared with the preoperative 
scores. It is not statistically significant. On the postoperative 
30th day, the P-value is less than 0.05 and is significant. While 
the increase between the postoperative 2nd and 4th days was 
insignificant, the increase between the postoperative 2nd and 
30th days, and the postoperative 4th and 30th days was found 
to be significant. According to these results, it can be claimed 
that verbal fluency improved significantly after one month 
following CEA. (Table 6) (Table 7)

WMS digit span scores: The increase on the postopera-
tive 2nd day compared with the preoperative scores are not 
statistically significant. The increase in the test score on the 

Table 1. Education levels of the cases

Education level Rate (%) Number (n)

Literate 15.6% 6

Primary school 42.1% 16

Secondary school 21.1% 8

High school 12.8% 5

University 5% 2

Doctorate level 2.6% 1

Table 2. Additional diseases of the cases

Additional disease Rate (%) Number (n)

Hypertension 63.15% 24

Hyperlipidemia 34.21% 13

Coronary artery disease 47.36% 18

Diabetes mellitus 52.63% 20

Cerebrovascular disease 13.15% 5

Smoking habit 39.47% 15

Peripheral arterial disease 28.94% 11

COPD 44.73% 17

Vitamin D insufficiency 52.63% 20

Vitamin B12 insufficiency 10.52% 4

COPD, chronic obstructive pulmonary disease
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Table 3. Immediate memory score

Mean SD Median Min Max P

Preoperative immediate memory score 5.10 2.34 5.00 2.00 12.00 <0.001*

Postoperative 2nd day immediate memory score 3.90 1.30 4.00 1.50 7.00 <0.001*

Postoperative 4th day immediate memory score 3.94 1.89 4.00 1.50 9.00 Pre-post4 <0.001*

Postoperative 30th day immediate memory score 6.13 2.29 6.00 3.00 12.00 <0.001*

*Friedman Test, P < 0.05; Min, minimum; Max, maximum

Table 4. Learning score

Mean SD Median Min Max P

Preoperative learning score 46.57 8.90 45.5 32.00 64.00 <0.001*

Postoperative 2nd day learning score 41.34 7.00 41.5 28.00 54.00 <0.001*

Postoperative 4th day learning score 45.97 8.40 47.0 30.00 64.00 <0.001*

Postoperative 30th day learning score 50.47 7.80 50.0 35.00 66.00 <0.001*

*Friedman Test, P < 0.05; Min, minimum; Max: maximum

Table 5. Recall score

Mean SD Median Min Max P

Preoperative recall score 5.76 2.17 5.00 3.00 12.00 <0.001*

Postoperative 2nd day recall score 4.09 1.47 4.00 2.00 8.00 <0.001*

Postoperative 4th day recall score 5.88 2.28 5.61 3.00 12.00 0.184

Postoperative 30th day recall score 6.94 2.09 7.00 4.00 12.00 <0.001*

*Friedman Test, P < 0.05; Min, minimum; Max: maximum

Table 6. Verbal fluency score

Mean SD Median Min Max P

Preoperative verbal fluency score 10.11 2.91 10.00 4 15 0.012

Postoperative 2nd day verbal fluency score 10.71 2.32 11.00 5 14 0.020

Postoperative 4th day verbal fluency score 11.00 1.83 11.00 7 14 <0.001*

Postoperative 30th day verbal fluency score 11.80 1.53 12.00 9 15 <0.001*

*Friedman Test, P < 0.05; Min, minimum; Max: maximum
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postoperative 4th and 30th days is significant compared with 
the preoperative scores. The increases between the postop-
erative 2nd and 4th days and the postoperative 2nd and 30th 
days are significant, while the increase between the postop-
erative 4th and 30th days is not statistically significant. While 
evaluating the WMS digit span results, it can be stated that 
most of the improvement in the test score occurred on the 4th 
postoperative day. (Table 8)

In four patients who had been detected to have vitamin 
B12 levels below 200 pg/ml in preoperative examinations, 
they were treated with 1000 μg (microgram) every day for the 
first week, then 1000 μg once a week for four weeks. When 
analyzed according to the average of the general group in this 
patient group, although there was no difference in the post-
operative 2nd and 4th days, it was determined that the mental 
score increase was 3% more than the general group at the end 
of the postop 1st month.

DISCUSSION

Various factors play a role in the formation of neurocogni-
tive dysfunction, but ischemic and hemorrhagic causes also 
lead to a decrease in cognitive functions. In studies showing 
the relationship between carotid artery diseases and cogni-
tive disorders, it has been reported that carotid artery steno-
sis leads to deterioration in cognitive abilities [Lal 2017]. In 
etiological studies, it has been shown that decreased cerebral 
perfusion is associated with cognitive impairment, which has 
shown that glutamate overstimulation and progressive neuro-
degeneration of neurons are a part of neuronal loss. VNCD 
is a progressive disease caused by a decrease in cerebral blood 
flow that causes a decrease in cognitive abilities [Etherton-
Beer 2014]. Microembolism caused by carotid vascular 
plaques and cerebral hemodynamic insufficiency is effective 

in the formation of VNCD [Lal 2017]. As a result, cere-
bral hypoperfusion and embolism should be avoided. CEA 
has been shown to prevent ischemic stroke due to carotid 
stenosis [European Carotid Surgery Trialists’ Collaborative 
Group 1991]. Based on the aforementioned studies, surgi-
cal treatment of vascular insufficiency and unstable plaques 
is expected to improve cognitive functions as in stroke. 
However, studies are showing the opposite [Feliziani 2010; 
Rasmussen 2006]. Lunn et al. [Lunn 1999] and Irvine et al. 
[Irvine 1998] revealed the current lack of consensus regarding 
cognitive outcomes after CEA. In the literature review, 16 of 
28 studies conducted on this subject show cognitive improve-
ment after CEA. The remaining 12 studies did not show any 
improvement or decrease [Brajesh 2011]. In our results, there 
was a decrease in cognitive test scores in the early period after 
CEA, but significant increases in postoperative values in com-
parison to preoperative measurements were found, especially 
in the measurements one month after the surgery. The fact 
that carotid artery disease can produce cognitive impairment 
was first determined by Dr. Fisher, as based on an autopsy 
case in 1951 [Fisher 1951].

One of the most important factors affecting different 
results in neurocognitive abilities is the tests. There are many 
different tests used to measure neurocognitive abilities and 
a common methodology has not been established over time, 
and this is one of the factors that lead to conflicting results 
after CEA. In our study, we applied the verbal and quanti-
tative tests recommended by the neurology department of 
our university one day before the surgery and on the post-
operative 2nd, 4th, and 30th days. These tests are designed 
to detect changes in numerical, verbal abilities, and memory.

Anesthesia is one of the controversial applications in 
carotid surgery. In regional anesthesia, the patient's state 
of consciousness is instantly evaluated. Among the patients 
with a low-stress threshold, regional anesthesia may require 

Table 7. Verbal fluency score comparison

Verbal fluency 
Preop-Postop 2

Verbal fluency 
Preop-Postop 4

Verbal fluency 
Preop-Postop 30

Verbal fluency 
Postop 2-Postop 4

Verbal fluency 
Postop 2-Postop 30

Verbal fluency 
Postop 4-Postop 30

Z -2.498b -2.328b -3.702b -.986b -3.382b -3.821b

Asymp. Sig. (2-tailed) .012 .020 .000 .324 .001 .000

Table 8. Wechsler Memory Scale (WMS) Digit Span

Mean SD Median Min Max P

Preoperative WMS 10.37 1.49 10.00 7 13 <0.001*

Postoperative 2nd day WMS 10.51 1.54 11.00 7 14 0.290

Postoperative 4th day WMS 11.20 1.30 11.00 7 13 <0.001*

Postoperative 30th day WMS 11.54 0.98 12.00 9 13 <0.001*

*Friedman Test, P < 0.05; Min, minimum; Max: maximum
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a return to general anesthesia due to emotional and physi-
cal problems. Difficulties caused by urgent intubation at this 
stage may lead to additional complications. Although starting 
the operation directly with general anesthesia is safer for the 
physician and the patient against these existing reservations, it 
requires additional examinations for intraoperative monitor-
ing. These examinations include A. cerebri media flow moni-
toring, transcranial Doppler, EEG, evoked potential measure-
ments, carotid stump pressure, jugular venous oxygen pressure 
measurement, and cerebral oximetry. With these techniques, 
it is difficult to say which test is more specific and sensitive, 
considering that the comparative studies of the neurological 
conditions of postoperative patients with regional anesthesia 
are not prospective and randomized [Imparato 1993]. Our 
practice style is based on a patient-oriented approach. Clinical, 
psychological condition and patient preferences are taken into 
consideration when deciding on regional anesthesia. In our 
case series, general anesthesia was performed in 32 patients 
and regional anesthesia in six patients. We performed cere-
bral oximetry in cerebral monetarization in 32 cases undergo-
ing general anesthesia. In the cases we started with regional 
anesthesia, we did not need to return to general anesthesia. 
We would like to draw attention to the importance of patient 
selection and the procedure training given to patients in pre-
venting such complications by reducing the need to turn from 
regional anesthesia to general anesthesia.

There are different approaches in intraluminal shunt appli-
cation to prevent actual ischemia in CEA surgeries. Some sur-
geons routinely use shunts under certain conditions, with or 
without monetarization, while others never use shunts under 
the same conditions [Girn 2008]. Arterial dissection, bleed-
ing, thrombosis, or air embolism can be seen due to the use 
of shunts [Palombo 2007]. We think that it has a beneficial 
and risk-reducing effect in proper cases such as those with 
a history of previous CVD, impaired cerebral monetariza-
tion, carotid stump pressure below 40 mmHg, and contra-
lateral 80% and above the obstruction. We used shunts in 19 
patients. We did not encounter any complications, except one 
patient had a postoperative hematoma.

The coexistence rate of coronary artery and carotid artery 
diseases has been reported between 2.8% and 22%. In this 
case, the treatment method to be applied is also among the 
controversial issues. Myocardial infarction is more common 
in patients who have undergone previous CEA. The risk of 
stroke is higher in those who have had CABC performed 
before [Illuminati 2011]. In 18 cases, a coexisting coronary 
artery disease was detected, and eight cases had an indication 
that required surgical treatment for both diseases. Coronary 
revascularization was achieved in eight patients. Carotid sur-
gery was performed after an average of 30 days. In one case, 
combined surgery was performed.

Diabetes mellitus is associated with an increased risk for 
mild to moderate cognitive impairment [Biessels 2008]. The 
negative effect of chronic exposure to hyperglycemia on cog-
nitive functions has been shown in diabetic patients [Brands 
2005]. Early mean neurocognitive scores were found to be 
significantly better than the average overall score in patients 
with uncontrolled diabetes who had blood glucose regulation. 

There was no significant difference between the mean gen-
eral neurocognitive score and the postoperative 30th day. 
This result suggested that strict blood glucose regulation 
achieved by hospitalization led to significant improvements 
in neurocognitive scores.

Another controversial issue is patching in CEA. In the pri-
mary closure of the 5 mm diameter internal carotid artery, 
since the sutures on the edge of the arteriotomy will be 1 mm 
each, the vessel diameter will be 3 mm and the area will be 
76% [Archie 1998]. In such a case, the flow will significantly 
decrease. On the other hand, studies show that routine patch 
application has risks, such as prolonging the clamping time, 
double suture line, rupture, bleeding, infection, and throm-
bosis [Awad 1989]. In our clinical practice, we prefer to use a 
carotid patch in stenosis with a diameter of 5 mm or less and 
apply a primary closure technique in cases with a diameter of 
6 mm and above. It has been suggested that the use of grafts 
is the right choice for those with internal carotid vessel diam-
eter of less than 6 mm, due to the intact flow dynamics and 
complications [Golledge 1996]. We used patches in 35 of 38 
cases. We used Dacron in 21 cases, PTFE in 12 cases, and the 
saphenous vein in three cases. Primary closure was performed 
in three cases. We found no significant difference between 
patch, primary repair, and graft types, in terms of neurocog-
nitive scores and complications.

Vitamin D induces prostacyclin in vascular smooth muscle 
cells, which prevents thrombus formation, cell adhesion, 
and smooth muscle cell proliferation [Wakasugi 1991]. The 
relationship between low vitamin D levels and endothelial 
dysfunction has been shown [Tarcin 2009]. In the preop-
erative examination of the cases, vitamin D hypovitamino-
sis was detected in 20 patients. Hypovitaminosis treatment 
was started as other comorbidities were treated before the 
operation. Studies are showing a close link between hypovi-
taminosis D and carotid atherosclerosis, based on 11 obser-
vational studies involving a total of 16,434 participants [Fu‐
Hua Chen]. Carotid atherosclerosis is a mirror of the general 
atherosclerotic burden and the progression of subclinical 
atherosclerosis. Factors affecting atherosclerosis in vascular 
tissue are also effective in carotid arteries. We think that in 
the continuation of the mechanical treatment of carotid ath-
erosclerosis with surgery, the treatment of glycemia, regula-
tion of hyperlipidemia, and hypovitaminosis will contribute 
positively to endothelial healing.

Although Vitamin B12 deficiency is accepted as one of the 
causes of reversible dementia, it is still a subject of research 
on the relationship between losses of cognitive abilities [Oh 
2003]. Studies showing the inverse correlation between Vita-
min B12 levels and cognitive functions have been shown [Bell 
1990]. Vitamin B12 deficiency also is known as a risk factor for 
vascular dementia and Alzheimer's disease [Clarke 1998]. In 
our cases, the use of substitute vitamin B12 treatment in addi-
tion to surgical treatment in patients with vitamin B12 defi-
ciency in preoperative examinations, mental score increase 
was 3% more than the general group. Although the number 
of cases is low, this result makes us think that incomplete vita-
min B12 replacement will contribute to the improvement in 
mental functions.
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CONCLUSION

In the past, CEA surgical treatment aimed to prevent isch-
emic stroke and CVD rather than neurocognitive recovery. 
Factors affecting neurocognition in CEA are multifactorial. 
Preservation and improvement of neurocognition are more 
important than any other period of history. By prioritizing 
cognitive abilities in the treatment of carotid stenosis, indi-
vidualization of the treatment will help maximize the increase 
in cognitive abilities by providing optimum benefit to the 
patient of each factor.

Limitations: The main limitation of the study is the 
sample size calculation. This is an ongoing study and further 
results will be published in the future. 
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