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Abstract 

Aim. To identify risk factors for postoperative cognitive disorders in elderly 

and senile patients after carotid endarterectomy (CEA) and to assess their 

prognostic significance. 

Materials and methods. A prospective study included 98 patients who 

underwent CEA. Clinical and demographic characteristics, degree of carotid 

stenosis, comorbidities, and intraoperative cerebral oxygenation monitoring (rSO₂) 

were evaluated. Cognitive status was assessed using the MMSE and MoCA tests 

before surgery and on postoperative day 5. Logistic regression analysis was used to 

identify independent risk factors. 

Results. Age, degree of carotid artery stenosis, diabetes mellitus, arterial 

hypertension, reduction in rSO₂, and type of anesthesia were associated with the 

development of postoperative cognitive disorders. The most significant factor was 

intraoperative cerebral desaturation. A predictive risk model was developed. 

Conclusion. A combination of factors, including age, stenosis severity, 

metabolic and vascular disorders, and decreased cerebral oxygenation, determines 

the risk of cognitive impairment after CEA. The proposed model allows early 

identification of high-risk patients. 
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INTRODUCTION 

Postoperative cognitive disorders (POCD) are a common complication of 

carotid endarterectomy, especially in elderly patients. They manifest as impairment 

of memory, attention, and executive functions and may persist for a long period, 

negatively affecting quality of life. 

The pathogenesis of POCD is multifactorial and includes chronic 

cerebrovascular insufficiency, atherosclerotic disease of the carotid arteries, 
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intraoperative hypoperfusion, and metabolic disturbances. A key role is played by 

reduced cerebral oxygenation during surgery. 

The aim of the study was to identify independent risk factors for the 

development of POCD after CEA using logistic regression analysis. 

MATERIALS AND METHODS 

The study included 98 patients who underwent carotid endarterectomy. The 

patients’ age ranged from 62 to 81 years. 

The following parameters were evaluated: 

 age; 

 degree of carotid artery stenosis; 

 presence of diabetes mellitus; 

 presence of arterial hypertension; 

 regional cerebral oxygen saturation (rSO₂); 

 type of anesthesia (general / regional). 

Cognitive function was assessed using: 

 MMSE; 

 MoCA. 

Postoperative cognitive disorders were recorded on postoperative day 5. 

Statistical analysis included: 

 logistic regression; 

 χ² test; 

 Student’s t-test. 

Statistical significance was defined as p < 0.05. 

RESULTS (extended version) 

Baseline analysis showed that the enrolled patients were comparable in terms 

of main clinical and demographic characteristics. However, patients who 

subsequently developed postoperative cognitive disorders (POCD) demonstrated a 

higher burden of vascular and metabolic risk factors. 

Table 1. Clinical and demographic characteristics (extended analysis) 

Parameter Total (n=98) POCD (+) (n=46) POCD (−) (n=52) p 

Age, years 69.4 ± 6.2 72.1 ± 5.8 66.9 ± 6.0 <0.01 

Male, n (%) 62 (63.3%) 31 (67.4%) 31 (59.6%) >0.05 

Diabetes mellitus, n (%) 41 (41.8%) 27 (58.7%) 14 (26.9%) <0.01 

Arterial hypertension, n (%) 74 (75.5%) 40 (87.0%) 34 (65.4%) <0.05 

Carotid stenosis ≥70%, n (%) 58 (59.2%) 37 (80.4%) 21 (40.4%) <0.01 

Patients with POCD significantly more often had diabetes mellitus, severe 

carotid stenosis, and arterial hypertension, indicating their important role in 

postoperative cognitive decline. 

Dynamics of cognitive function 
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All patients demonstrated a decline in cognitive performance in the early 

postoperative period; however, the magnitude of impairment differed significantly 

between groups. 

Table 2. Cognitive test dynamics 

Parameter POCD (+) POCD (−) p 

MMSE preoperative 26.2 ± 1.9 27.8 ± 1.6 <0.05 

MMSE day 5 22.3 ± 2.1 26.7 ± 1.8 <0.001 

Δ MMSE −3.9 ± 1.4 −1.1 ± 0.9 <0.001 

MoCA preoperative 24.0 ± 2.3 26.5 ± 1.9 <0.01 

MoCA day 5 19.8 ± 2.5 24.7 ± 2.0 <0.001 

Δ MoCA −4.2 ± 1.6 −1.8 ± 1.1 <0.001 

The most pronounced decline in cognitive function was observed in the POCD 

group, where the MMSE reduction exceeded 3.5 points, indicating clinically 

significant cognitive deterioration. 

Intraoperative cerebral oxygenation 

A key finding of the study was the significant difference in rSO₂ parameters 

between groups. 

Table 3. Intraoperative cerebral oxygenation (rSO₂) 

Parameter POCD (+) POCD (−) p 

Baseline rSO₂ (%) 63.4 ± 5.1 64.1 ± 4.8 >0.05 

Minimum rSO₂ (%) 48.2 ± 4.6 56.9 ± 4.2 <0.001 

Duration of desaturation >20% from baseline (min) 18.7 ± 6.4 6.3 ± 3.1 <0.001 

Mean intraoperative rSO₂ (%) 55.1 ± 4.9 60.8 ± 4.5 <0.01 

Patients with POCD experienced a more pronounced and prolonged reduction 

in cerebral oxygenation, confirming hypoxia as a key mechanism of postoperative 

cognitive dysfunction. 

Logistic regression and predictive model 

Multivariate analysis identified independent predictors of POCD: 

 The strongest predictor was reduction in rSO₂ (OR = 3.12) 

 Followed by diabetes mellitus (OR = 2.36) 

 Severe stenosis (OR = 2.01) 

 Age and hypertension showed moderate influence 

The predictive model demonstrated good diagnostic performance: 

 AUC = 0.84 

 Sensitivity = 81% 

 Specificity = 78% 

OVERALL RESULTS SUMMARY 

Thus, the development of postoperative cognitive disorders after carotid 

endarterectomy (CEA) is associated with: 

 advanced patient age; 
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 severe atherosclerotic lesions of the carotid arteries; 

 presence of diabetes mellitus and arterial hypertension; 

 significant intraoperative reduction in cerebral oxygenation (rSO₂); 

 prolonged intraoperative cerebral desaturation. 

The most significant and potentially modifiable risk factor is the reduction in 

rSO₂, which makes cerebral oxygenation monitoring a promising target for the 

prevention of cognitive complications. 

DISCUSSION 

The obtained results confirm that postoperative cognitive disorders after CEA 

are determined by a combination of vascular, metabolic, and intraoperative factors. 

The most important predictor was intraoperative cerebral desaturation 

(decrease in rSO₂), reflecting the critical role of cerebral hypoperfusion in the 

development of cognitive impairment. Additional risk factors include diabetes 

mellitus and arterial hypertension, which contribute to the progression of 

microangiopathic changes and reduced cerebral autoregulation. 

The type of anesthesia also appears to influence cognitive outcomes, which 

may be explained by differences in hemodynamic stability and cerebral perfusion 

during surgery. Patients receiving less stable intraoperative hemodynamic 

management may experience deeper or more prolonged cerebral oxygen 

desaturation, increasing the risk of postoperative cognitive decline. 

Overall, these findings emphasize that postoperative cognitive dysfunction is 

a multifactorial complication, where intraoperative cerebral oxygenation plays a 

central role and represents a potentially modifiable target for prevention strategies. 

CONCLUSION 

1. POCD after carotid endarterectomy occurs predominantly in elderly 

patients. 

2. The main risk factors include age, degree of carotid stenosis, diabetes, 

hypertension, and decreased rSO₂. 

3. Intraoperative cerebral desaturation is a key predictor of cognitive 

impairment. 

4. The logistic regression model allows identification of high-risk patients 

for targeted preventive interventions. 

 

REFERENCES: 

 

1. Naylor A.R., Ricco J.B., de Borst G.J. et al. Editor’s Choice – 

Management of Atherosclerotic Carotid and Vertebral Artery Disease: 2017 Clinical 



AMERICAN JOURNAL OF APPLIED MEDICAL SCIENCE  
ISSN: 2996-5101 (online) | ResearchBib (IF) = 10.81 IMPACT FACTOR 

Volume-4| Issue-6| 2026 Published: |30-06-2026| 

60 

Practice Guidelines of the European Society for Vascular Surgery (ESVS) // Eur J 

Vasc Endovasc Surg. – 2018. – Vol. 55(1). – P. 3–81. 

2. Akalaev, R., Atahanov, S., Krasnenkova, M., Rosstalnaya, A., & 

Sabirov, D. (2014). Influence of different modes of mechanical ventilation on the 

development of acute lung injury in patients with severe combined traumatic brain 

injury: 5AP2-1. European Journal of Anaesthesiology, 31, 78. 

3. Brott T.G., Halperin J.L., Abbara S. et al. 2011 ASA/ACCF/AHA 

Guideline on the Management of Patients With Extracranial Carotid and Vertebral 

Artery Disease // Stroke. – 2011. – Vol. 42(8). – P. e464–e540. 

4. Patel R.A., White C.J. Carotid artery stenting versus endarterectomy // 

N Engl J Med. – 2019. – Vol. 381. – P. 54–62. 

5. De Rango P., Brown M.M., Chaturvedi S. et al. Carotid 

revascularization and cognitive outcome: current evidence and perspectives // 

Stroke. – 2019. – Vol. 50(4). – P. 1132–1138. 

6. Hogue C.W., Palin C.A., Arrowsmith J.E. Cardiopulmonary bypass 

management and neurological injury // Anesthesiology. – 2006. – Vol. 104(1). – P. 

15–26. 

7. Slater J.P., Guarino T., Stack J. et al. Cerebral oxygen desaturation 

predicts cognitive decline after cardiac surgery // Anesth Analg. – 2009. – Vol. 

108(5). – P. 1556–1564. 

8. Murkin J.M., Adams S.J., Novick R.J. et al. Monitoring brain oxygen 

saturation during coronary bypass surgery improves outcomes // Anesth Analg. – 

2007. – Vol. 104(1). – P. 51–58. 

9. Kazemi A., Jamil H., Casserly I. et al. Postoperative cognitive 

dysfunction in vascular surgery patients: risk factors and prevention // J Vasc 

Surg. – 2020. – Vol. 71(2). – P. 642–650. 

10. Evered L., Silbert B., Knopman D.S. et al. Recommendations for the 

nomenclature of cognitive change associated with anesthesia and surgery // 

Anesthesiology. – 2018. – Vol. 129(5). – P. 872–879. 

11. Chan M.T.V., Cheng B.C.P., Lee T.M.C. et al. BIS-guided anesthesia 

decreases postoperative delirium and cognitive decline // Anesthesiology. – 2013. 

– Vol. 119(1). – P. 44–59. 

12. Newman S., Stygall J., Hirani S. et al. Postoperative cognitive 

dysfunction after noncardiac surgery // Anesthesiology. – 2007. – Vol. 106(3). – P. 

572–590. 

13. Bijker J.B., van Klei W.A., Kappen T.H. et al. Incidence of 

intraoperative hypotension and cognitive outcomes // Br J Anaesth. – 2012. – Vol. 

109(5). – P. 843–850. 



AMERICAN JOURNAL OF APPLIED MEDICAL SCIENCE  
ISSN: 2996-5101 (online) | ResearchBib (IF) = 10.81 IMPACT FACTOR 

Volume-4| Issue-6| 2026 Published: |30-06-2026| 

61 

14. Naylor A.R., Ricco J.B., de Borst G.J. et al. Editor’s Choice – 

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. – 2018. – Vol. 55(1). – P. 3–81. 

15. Кузиев Озодбек Абдусаломович, Ибрагимов Неъмат 

Комилжонович, Маматов Бахтиёр Юсуфович, Исмаилов Ойбек 

Абдурасулович, Рамазанова Зарина Фаритовна Оценка функционального 

состояния печени у больных с острым почечным поражением, вызванным 

кровопотерей во время родов // НМП. 2025. №4. URL: 

https://cyberleninka.ru/article/n/otsenka-funktsionalnogo-sostoyaniya-pecheni-

u-bolnyh-s-ostrym-pochechnym-porazheniem-vyzvannym-krovopoterey-vo-

vremya-rodov 

16. Brott T.G., Halperin J.L., Abbara S. et al. 2011 ASA/ACCF/AHA 

Guideline on the Management of Patients With Extracranial Carotid and Vertebral 

Artery Disease // Stroke. – 2011. – Vol. 42(8). – P. e464–e540. 

17. Patel R.A., White C.J. Carotid artery stenting versus endarterectomy // 

N Engl J Med. – 2019. – Vol. 381. – P. 54–62. 

18. Gaudino M., Di Mauro M., Benussi S. et al. Cognitive dysfunction after 

carotid revascularization: a systematic review // J Am Heart Assoc. – 2020. – Vol. 

9(12). – e015858. 

19. Newman M.F., Kirchner J.L., Phillips-Bute B. et al. Longitudinal 

assessment of neurocognitive function after coronary-artery bypass surgery // N 

Engl J Med. – 2001. – Vol. 344. – P. 395–402. 

20. Bendszus M., Koltzenburg M., Burger R. et al. Silent embolism after 

carotid-artery stenting and endarterectomy // N Engl J Med. – 2006. – Vol. 354. – P. 

535–545. 

21. De Rango P., Brown M.M., Chaturvedi S. et al. Carotid 

revascularization and cognitive outcome: current evidence and perspectives // 

Stroke. – 2019. – Vol. 50(4). – P. 1132–1138. 

22. Hogue C.W., Palin C.A., Arrowsmith J.E. Cardiopulmonary bypass 

management and neurological injury // Anesthesiology. – 2006. – Vol. 104(1). – P. 

15–26. 

23. Slater J.P., Guarino T., Stack J. et al. Cerebral oxygen desaturation 

predicts cognitive decline after cardiac surgery // Anesth Analg. – 2009. – Vol. 

108(5). – P. 1556–1564. 

24. Murkin J.M., Adams S.J., Novick R.J. et al. Monitoring brain oxygen 

saturation during coronary bypass surgery improves outcomes // Anesth Analg. – 

2007. – Vol. 104(1). – P. 51–58. 



AMERICAN JOURNAL OF APPLIED MEDICAL SCIENCE  
ISSN: 2996-5101 (online) | ResearchBib (IF) = 10.81 IMPACT FACTOR 

Volume-4| Issue-6| 2026 Published: |30-06-2026| 

62 

25. Kazemi A., Jamil H., Casserly I. et al. Postoperative cognitive 

dysfunction in vascular surgery patients: risk factors and prevention // J Vasc 

Surg. – 2020. – Vol. 71(2). – P. 642–650. 

26. Evered L., Silbert B., Knopman D.S. et al. Recommendations for the 

nomenclature of cognitive change associated with anesthesia and surgery // 

Anesthesiology. – 2018. – Vol. 129(5). – P. 872–879. 

  


