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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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ROLE OF MEDICAL REHABILITATION — A LITERATURE REVIEW
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Abstract.
Introduction: Advances in cardiac surgery, extracorporeal 

circulation techniques, and perioperative care have significantly 
improved survival following coronary artery bypass grafting 
(CABG). However, the increasing number of postoperative 
survivors has led to a growing burden of long-term 
complications, among which cognitive impairment represents a 
major yet underrecognized clinical problem.

Objective: To critically synthesize current evidence on the 
prevalence, mechanisms, and clinical significance of cognitive 
impairment after CABG, as well as to evaluate the role of 
medical rehabilitation in its prevention and management.

Methods: A structured literature search was conducted across 
PubMed, Scopus, Web of Science, and Google Scholar, focusing 
on studies published within the last five years. Study selection 
was performed based on predefined inclusion criteria, and 
elements of the PRISMA framework were applied to enhance 
transparency. A total of 55 studies were included in the final 
analysis.

Results: Postoperative cognitive impairment remains one 
of the most common neurological complications following 
CABG, affecting approximately 30–60% of patients in the 
early postoperative period, with persistent deficits observed in a 
substantial proportion of cases. Its pathogenesis is multifactorial 
and involves preoperative vulnerability, intraoperative cerebral 
hypoperfusion and microembolization, systemic inflammation, 
and postoperative complications. Despite its clinical relevance, 
cognitive impairment is frequently underdiagnosed and 
insufficiently addressed within standard rehabilitation programs.

Conclusions: Current rehabilitation models lack systematic 
approaches to the assessment and management of cognitive 
dysfunction after CABG. Integrative strategies combining 
cognitive training, physical rehabilitation, and multimodal 
interventions demonstrate promising potential for improving 
cognitive outcomes and quality of life. Further high-quality 
studies are required to develop standardized rehabilitation 
protocols with mandatory inclusion of cognitive endpoints.

Key words. Cognitive impairment, coronary artery bypass 
grafting, cardiac rehabilitation, neurocognitive disorders.
Introduction.

Coronary artery bypass grafting (CABG) remains a 
cornerstone of myocardial revascularization in patients with 
coronary artery disease and is associated with improved survival 
and long-term prognosis. However, as postoperative survival 
continues to increase, greater attention is being directed toward 
long-term complications that significantly affect functional 
outcomes and quality of life. Among these, postoperative 
cognitive impairment has emerged as a clinically important 
yet insufficiently addressed condition. Cognitive decline 
following CABG is characterized by impairments in memory, 

attention, processing speed, and executive functioning, which 
may adversely affect patients’ rehabilitation potential, treatment 
adherence, and social reintegration. Despite advances in 
surgical techniques, anesthetic management, and perioperative 
monitoring, the reported incidence of cognitive impairment 
remains substantial and highly variable across studies. Current 
evidence suggests that postoperative cognitive dysfunction is 
a multifactorial phenomenon involving a complex interplay of 
preoperative vulnerability, intraoperative factors such as cerebral 
hypoperfusion and microembolization, and postoperative 
complications including systemic inflammation and hypoxia. 
However, the relative contribution of these factors remains 
incompletely understood, and findings across studies are often 
inconsistent. Importantly, despite the growing body of literature 
on postoperative cognitive impairment, there remains a lack 
of standardized approaches to its diagnosis, monitoring, and 
rehabilitation. In particular, cognitive outcomes are frequently 
underrepresented in cardiac rehabilitation programs, which 
continue to focus predominantly on physical recovery. In this 
context, there is a critical need to integrate current evidence 
on the mechanisms, risk factors, and clinical consequences 
of cognitive impairment after CABG with emerging data on 
rehabilitation strategies aimed at improving neurocognitive 
outcomes. The aim of this review is to critically evaluate and 
synthesize contemporary literature on cognitive impairment 
after CABG, with a particular focus on its pathophysiology, 
diagnostic challenges, and the role of medical rehabilitation in 
optimizing patient outcomes.
Search Strategy.

This review was conducted as a scoping literature review aimed 
at synthesizing contemporary evidence regarding cognitive 
impairment and rehabilitation strategies following coronary 
artery bypass grafting (CABG). The review methodology was 
informed by elements of the PRISMA Extension for Scoping 
Reviews (PRISMA-ScR) to improve transparency of study 
identification and selection. A structured literature search was 
performed in PubMed, Scopus, Web of Science, and Google 
Scholar for studies published between January 2020 and 
February 2026. Both Medical Subject Headings (MeSH) and 
free-text terms were used. The primary search strategy included 
combinations of the following keywords and MeSH terms: 
(“coronary artery bypass grafting” OR “CABG”) AND (“cognitive 
impairment” OR “postoperative cognitive dysfunction” OR 
“perioperative neurocognitive disorders” OR “POCD”) AND 
(“cardiac rehabilitation” OR “medical rehabilitation” OR 
“cognitive rehabilitation” OR “exercise therapy”). An example 
of the PubMed search strategy was as follows: ((“Coronary 
Artery Bypass”[Mesh] OR CABG OR “coronary artery bypass 
grafting”) AND (“Cognitive Dysfunction”[Mesh] OR “cognitive 
impairment” OR “postoperative cognitive dysfunction” OR 
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“perioperative neurocognitive disorders” OR POCD) AND 
(“Rehabilitation”[Mesh] OR “cardiac rehabilitation” OR 
“cognitive rehabilitation” OR “exercise therapy” OR “physical 
rehabilitation”)) Additional manual screening of reference lists 
from relevant articles and recent reviews was also performed 
to identify potentially eligible studies. The inclusion criteria 
comprised peer-reviewed full-text articles published in English 
or Russian that evaluated cognitive outcomes, neurocognitive 
disorders, or rehabilitation interventions in adult patients 
undergoing CABG. Randomized controlled trials, cohort 
studies, observational studies, systematic reviews, and meta-
analyses were considered eligible. Conference abstracts, 
editorials, duplicate publications, non-peer-reviewed sources, 
and studies lacking clearly defined cognitive or rehabilitation 
outcomes were excluded. Study selection was independently 
performed by two reviewers. After removal of duplicates and 
screening of titles and abstracts, full-text articles were assessed 
for eligibility. Disagreements between reviewers were resolved 
through discussion and consensus. A total of 742 records were 
initially identified across the databases. After duplicate removal 
and title/abstract screening, 107 full-text articles were assessed 
for eligibility. Following application of predefined inclusion 
and exclusion criteria, 55 studies were included in the final 
qualitative synthesis.

The PRISMA-ScR flow diagram illustrating the study selection 
process is presented in Figure 1.
Quality of Evidence and Methodological Consider-
ations.

The included studies demonstrated substantial methodological 
heterogeneity with respect to study design, sample size, 
cognitive assessment tools, rehabilitation protocols, and follow-
up duration. Randomized controlled trials generally provided 
higher-quality evidence regarding rehabilitation interventions, 
whereas observational studies were more susceptible to 
selection bias and confounding factors. Systematic reviews and 
meta-analyses were considered the highest level of evidence 
included in this review. Because of the heterogeneity of study 
methodologies and reported outcomes, a formal quantitative 
meta-analytic risk-of-bias assessment had limited applicability. 
Nevertheless, methodological quality and clinical relevance 
were critically appraised using domains commonly applied 
in Cochrane and GRADE-based approaches, including 
assessment of study limitations, selection bias, heterogeneity of 
interventions, variability of cognitive outcome measures, and 
consistency of follow-up reporting.
Cognitive Impairment After Coronary Artery Bypass 
Grafting.
Concept and Terminology of Postoperative Cognitive 
Impairment:

In contemporary cardiac surgery, postoperative cognitive 
impairment—commonly referred to as postoperative cognitive 
dysfunction (POCD)—is recognized as one of the most 
significant neurological complications following myocardial 
revascularization procedures, including coronary artery 
bypass grafting (CABG). POCD encompasses a spectrum 
of higher-order cognitive deficits, including impairments in 

memory, attention, processing speed, executive function, 
and psychomotor performance, occurring in both early and 
late postoperative periods [1-3]. In contrast to postoperative 
delirium, which is characterized by an acute onset, a fluctuating 
course, and disturbances of consciousness, POCD typically 
presents with more subtle clinical manifestations and is often 
detectable only through targeted neuropsychological assessment 
[2]. Evidence suggests that POCD may be transient or persist for 
months or even years, significantly affecting patients’ functional 
independence and quality of life [3]. Importantly, contemporary 
conceptual frameworks emphasize that postoperative cognitive 
impairment should not be considered an isolated consequence 
of surgical intervention, but rather the result of a complex 
interaction between patient-related vulnerability and procedure-
related factors [4]. Terminological heterogeneity remains a 
major methodological challenge in this field. Terms such as 
“postoperative cognitive decline,” “postoperative cognitive 
dysfunction,” and “neurocognitive disorders after cardiac 
surgery” are often used interchangeably, thereby limiting 
comparability across studies [2]. More recently, the broader 
concept of “perioperative neurocognitive disorders” has been 
proposed, encompassing both acute and delayed cognitive 
impairments; however, its implementation in clinical research 
remains inconsistent [2]. In 2018, the Nomenclature Consensus 
Working Group recommended replacing the traditional term 
“postoperative cognitive dysfunction (POCD)” with the broader 
concept of “perioperative neurocognitive disorders” (PND), 
encompassing both acute and delayed cognitive impairments 
associated with surgical procedures and anesthesia. This 
terminology aligns postoperative cognitive changes with 
contemporary neurocognitive disorder classifications and 
emphasizes the multifactorial nature of perioperative brain 
dysfunction. Nevertheless, the term POCD continues to be 
widely used in cardiac surgery literature; therefore, both terms 
are referenced throughout the present review where appropriate. 
Notably, data from large population-based studies indicate that 
long-term cognitive trajectories in elderly patients following 
coronary revascularization are primarily determined by baseline 
cognitive status and age, rather than by the type of surgical 
intervention alone [5].
Prevalence of Cognitive Impairment After Coronary Artery 
Bypass Grafting:

The prevalence of cognitive impairment following coronary 
artery bypass grafting (CABG) remains substantial despite 
advances in surgical and anesthetic techniques. According to 
large systematic reviews and meta-analyses, postoperative 
cognitive dysfunction occurs in approximately 30–60% of 
patients in the early postoperative period, with a proportion 
of cases persisting during long-term follow-up [6]. Similarly, 
during the inpatient rehabilitation phase, cognitive deficits of 
varying severity have been reported in 32–77% of patients after 
CABG, with mild-to-moderate impairments predominating 
[7]. Notably, these forms are frequently underrecognized in 
routine clinical practice. However, findings across studies 
remain inconsistent. Some prospective investigations report 
substantially lower incidence rates of postoperative cognitive 
dysfunction under optimized perioperative conditions. For 
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instance, Rahman et al. (2024) reported no cases of POCD at 
6 weeks and 3 months following elective CABG when strict 
intraoperative monitoring protocols were implemented [1]. 
These findings were attributed to younger patient age, higher 
educational level, absence of neurological comorbidities, and the 
use of advanced cerebral oxygenation monitoring techniques. In 
a prospective comparative study by Relander et al., cognitive 
trajectories were assessed in patients undergoing CABG and 
carotid endarterectomy. POCD was more frequently observed 
in the early postoperative period after CABG; however, 
cognitive function demonstrated partial recovery during the 
stable phase at 3 months [8]. Taken together, these findings 
highlight the heterogeneous and potentially reversible nature 
of postoperative cognitive impairment in a subset of patients. 

Overall, the substantial variability in reported prevalence rates 
is likely explained by differences in study design, cognitive 
assessment methods, follow-up duration, and baseline patient 
characteristics [1,3,4].
Risk Factors for Cognitive Impairment:

The development of postoperative cognitive impairment 
following coronary artery bypass grafting (CABG) is widely 
recognized as a multifactorial process involving preoperative, 
intraoperative, and postoperative determinants [4,5,9]. 
Evidence from large-scale systematic reviews and meta-
analyses highlights the complexity of these interactions. In 
particular, Greaves et al., in a meta-analysis including more than 
60,000 patients, identified advanced age, depression, baseline 
cognitive impairment, and prior stroke as key preoperative risk 

Identification
Records identified (n = 742)

Screening
Records screened (n = 556)

Eligibility
Full-text assessed (n = 107)

Included
Studies included in qualitative 
synthesis (n = 55)

Duplicates removed (n = 186),

Records excluded (n = 449)

Identification of studies via databases and registers

Figure 1. The PRISMA-ScR flow diagram illustrating the study selection process.

Intervention Frequency Intensity Time Type Reported Benefits

Aerobic exercise 
training 3–5 sessions/week Moderate intensity 30–45 min/session Walking, treadmill, 

cycling

Improved functional capacity, 
cerebral perfusion, cognitive 
performance

Combined cardiac 
rehabilitation 3–5 sessions/week Moderate 8–12 weeks Aerobic + resistance 

training

Improved quality of life, 
reduced cardiovascular risk, 
better rehabilitation adherence

Prehabilitation 2–5 sessions/week 
before surgery Low-to-moderate 2–4 weeks 

preoperatively
Aerobic exercise and 
conditioning

Reduced risk of POCD, 
enhanced neurovascular 
resilience

Cognitive training Daily or 3–5 
sessions/week

Structured cognitive 
load 20–40 min/session

Memory, attention, 
executive-function 
exercises

Improved attention, executive 
functioning, cognitive reserve

Dual-task cognitive 
rehabilitation 3–5 sessions/week Moderate 20–30 min/session Simultaneous postural 

and cognitive tasks
Enhanced neuroplasticity and 
executive function

Inspiratory muscle 
training 5–7 sessions/week Moderate inspiratory 

resistance 15–30 min/session Respiratory muscle 
exercises

Improved oxygenation, 
exercise tolerance, recovery

Neuromuscular 
electrical stimulation

Daily or several 
times/week Low-to-moderate 20–30 min/session Quadriceps electrical 

stimulation
Improved mobility and physical 
recovery in early rehabilitation

Table 1. FITT Principles of Rehabilitation Interventions After CABG Associated with Cognitive and Functional Benefits.
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factors. Intraoperative and postoperative contributors included 
prolonged intubation, arrhythmias, and extended intensive care 
unit stay. Notably, higher baseline cognitive function was found 
to exert a protective effect [10]. Importantly, while many of these 
risk factors are non-modifiable, preoperative psychoemotional 
and cognitive disturbances may be amenable to intervention, 
thereby providing opportunities for targeted rehabilitation 
strategies. Findings from large cohort studies further emphasize 
the dominant role of patient-related characteristics in determining 
cognitive outcomes. In a study by Whitlock et al., long-term 
memory decline was not independently associated with the type 
of revascularization procedure but was instead primarily driven 
by age and baseline cognitive status [5]. These findings challenge 
the traditional assumption that surgical technique is a primary 
determinant of postoperative cognitive decline. Subsequent 
analyses have reinforced the importance of considering baseline 
characteristics, comorbidities, and trajectories of cognitive 
aging when interpreting postoperative cognitive outcomes, 
rather than relying solely on comparisons between surgical 
and endovascular interventions [11]. Preoperative risk factors 
include advanced age, diabetes mellitus, arterial hypertension, 
depression, baseline cognitive impairment, and reduced physical 
activity [12]. In addition, observational data suggest that obesity, 
physical inactivity, and a family history of cardiovascular disease 
may be associated with unfavorable cognitive trajectories in 
elderly patients [13]. Intraoperative factors include the duration 
of surgery, cardiopulmonary bypass time, embolic events, 
episodes of hypotension, and cerebral hypoxia [2]. Emerging 
evidence suggests that the use of intraoperative neuromonitoring 
techniques—such as near-infrared spectroscopy and depth 
of anesthesia monitoring—may reduce the risk of cognitive 
complications by enabling timely detection and correction of 
cerebral hypoperfusion [1]. Postoperative contributors include 
delirium, infectious complications, arrhythmias, and insufficient 
engagement in early rehabilitation [2,7]. In particular, physical 
inactivity and the absence of structured rehabilitation programs 
in the early recovery period may exacerbate cognitive decline 
[7,14]. Overall, accumulating evidence indicates that the type 
of revascularization procedure is not a primary determinant 
of long-term cognitive outcomes, underscoring the need to 
shift the clinical focus toward comprehensive postoperative 
management and rehabilitation strategies [5]. In recent years, 
increasing attention has been paid to depression as both a risk 
factor and a modifier of cognitive outcomes after CABG. In 
a randomized study by Lewis et al., preoperative depression 
was not associated with the development of POCD; however, 
postoperative depressive symptoms were linked to significantly 
worse performance across multiple cognitive domains, including 
attention, memory, processing speed, and executive function, as 
well as reduced quality of life. Complementary findings from 
observational studies suggest that depression prior to CABG 
may be associated with cognitive and functional impairments 
consistent with the concept of “vascular depression,” potentially 
reflecting underlying microangiopathy and white matter 
damage. Taken together, these findings highlight the complex 
and heterogeneous role of depression in postoperative cognitive 
outcomes and underscore the importance of its systematic 
assessment in both preoperative and postoperative settings 

to enable early intervention and individualized rehabilitation 
strategies [15,16].
Clinical and Social Significance of POCD:

Cognitive impairment following coronary artery bypass grafting 
(CABG) has a substantial impact on patients’ daily functioning, 
social adaptation, and treatment adherence. Although some 
studies have not demonstrated a direct association between 
postoperative cognitive dysfunction (POCD) and reduced 
quality of life at 6 months postoperatively [3], other evidence 
suggests that persistent cognitive impairment is associated 
with poorer functional status and delayed rehabilitation [2,7]. 
Prospective data indicate that, in elderly patients undergoing 
CABG, physical function may improve over time, whereas 
cognitive decline may follow a more progressive and persistent 
trajectory, underscoring the clinical relevance of POCD [17]. 
Given the aging population of patients undergoing CABG, 
postoperative cognitive impairment represents an increasingly 
important clinical challenge that requires a comprehensive 
approach, including not only preventive strategies but also 
active and targeted rehabilitation interventions.
Assessment and Diagnosis of Cognitive Impairment 
After Coronary Artery Bypass Grafting.
Relevance and Challenges in the Diagnosis of Cognitive 
Impairment:

Cognitive impairment following coronary artery bypass 
grafting (CABG) is characterized by considerable clinical 
heterogeneity and is frequently underrecognized in the absence 
of standardized diagnostic algorithms. Variability in reported 
prevalence rates of postoperative cognitive dysfunction 
(POCD) is largely attributable to differences in diagnostic 
approaches, timing of assessment, and the heterogeneity 
of cognitive evaluation tools used across studies [18,19]. 
Moreover, inconsistencies in diagnostic criteria and the lack of 
standardized assessment protocols limit the comparability of 
findings and hinder the development of a robust evidence base 
[18]. In this context, there is a growing need for a comprehensive 
and multidimensional approach to the diagnosis of POCD, 
integrating clinical, neuropsychological, and instrumental 
methods [3,20,21].
Neuropsychological Testing and Timing of Assessment:

Neuropsychological testing remains the cornerstone for 
detecting cognitive impairment following coronary artery 
bypass grafting (CABG). Commonly used screening tools 
include the Montreal Cognitive Assessment (MoCA) and 
the Mini-Mental State Examination (MMSE), as well as 
comprehensive test batteries designed to evaluate attention, 
memory, and executive function [3,7,13,22]. Importantly, 
the timing of cognitive assessment plays a critical role in the 
interpretation of results. Early postoperative testing may reflect 
transient cognitive changes associated with anesthesia, surgical 
stress, and acute physiological disturbances, whereas delayed 
assessment allows for the identification of persistent forms of 
postoperative cognitive dysfunction (POCD) [19,23]. Notably, 
early cognitive changes may also have prognostic value, as they 
have been shown to predict long-term adverse neurocognitive 
outcomes [23,24].
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Limitations of Neuropsychological Methods and the Influence 
of Confounding Factors:

Despite their high clinical relevance, neuropsychological 
assessments are influenced by a number of non-medical factors, 
including educational level, psychoemotional status, patient 
motivation, and the presence of anxiety and depressive disorders 
[12,13,25]. It has been shown that individual psychological 
characteristics, such as alexithymia and heightened anxiety, 
may distort the results of cognitive evaluation and lead to both 
overestimation and underestimation of POCD [5,20]. In addition, 
the lack of adjustment for cognitive reserve and educational level 
reduces the accuracy of data interpretation [26,27].
Neurophysiological Methods and Electroencephalography:

Electroencephalography (EEG) is increasingly recognized as a 
promising objective tool for assessing brain function following 
coronary artery bypass grafting (CABG). Alterations in EEG 
spectral characteristics, including increased theta activity and 
reduced alpha power, have been associated with postoperative 
cognitive decline [6,27-29]. Importantly, EEG has been shown to 
detect functional brain abnormalities even in the absence of overt 
clinical manifestations of postoperative cognitive dysfunction 
(POCD), highlighting its value for early diagnosis and monitoring 
of cognitive changes [20,27]. The potential of EEG to predict 
postoperative neurocognitive complications is further supported 
by data from ongoing protocol-based studies. In particular, the 
DIVULGE study (Delirium VULnerability in GEriatrics) aims to 
evaluate preoperative EEG markers in elderly patients undergoing 
CABG and to correlate neurophysiological parameters with the 
development of postoperative delirium. It is hypothesized that 
specific features of EEG spectral power and evoked potentials 
reflect central nervous system vulnerability and may serve as 
objective predictors of postoperative neurocognitive disorders, 
thereby enabling early risk stratification and the personalization 
of preventive and rehabilitative strategies [30]. Taken together, 
these findings support the role of EEG as a valuable component 
of integrated diagnostic models for postoperative cognitive 
dysfunction [20,27].
Intraoperative Factors and Monitoring of Cognitive Risk:

The assessment of cognitive impairment following 
coronary artery bypass grafting (CABG) is closely linked to 
intraoperative risk factors. Monitoring of cerebral oxygenation 
using near-infrared spectroscopy (NIRS), as well as depth of 
anesthesia monitoring, enables the detection of episodes of 
cerebral hypoperfusion and may reduce the risk of postoperative 
neurocognitive complications [1,2,31]. Several studies have 
demonstrated that intraoperative episodes of cerebral desaturation 
are associated with an increased risk of postoperative cognitive 
dysfunction (POCD) in both early and late postoperative periods 
[23,24]. Taken together, these findings support the integration of 
intraoperative parameters into the assessment and prediction of 
postoperative cognitive outcomes [18,20].
Opportunities for Medical Rehabilitation in Cognitive 
Impairment After Coronary Artery Bypass Grafting.
Rehabilitation as a Neuroprotective Strategy:

Contemporary perspectives on postoperative cognitive 
impairment following coronary artery bypass grafting (CABG) 

are increasingly shifting from viewing it as an inevitable 
complication to considering it a potentially modifiable 
condition. A growing body of evidence suggests that the 
severity and duration of cognitive decline after CABG are 
determined not only by intraoperative factors but also by the 
organization of postoperative care and rehabilitation [1-3]. In 
this context, medical rehabilitation is increasingly recognized 
as a comprehensive, multimodal intervention encompassing 
physical activity, cognitive stimulation, respiratory training, 
and psychosocial support, with the potential to influence both 
functional and cognitive outcomes after surgery [7,14,32,33]. 
The pathophysiological basis of the neuroprotective role 
of rehabilitation has been highlighted in recent studies 
examining the relationship between coronary artery disease, 
acute myocardial infarction, and cognitive impairment. In 
a review by Thong et al., chronic cerebral hypoperfusion, 
neurovascular dysfunction, neuroinflammation, and reduced 
cognitive reserve were identified as key mechanisms underlying 
cognitive decline in patients with coronary pathology and 
following revascularization procedures. Importantly, the 
authors emphasize that pharmacological therapy and cardiac 
rehabilitation may mitigate the risk of cognitive impairment 
by improving systemic and cerebral perfusion, modulating 
inflammatory responses, and enhancing neuroplasticity, thereby 
reinforcing the concept of rehabilitation as a neuroprotective 
strategy [34]. Rehabilitation interventions directly target key 
pathophysiological mechanisms of postoperative cognitive 
dysfunction, including neuroinflammation, hypoperfusion, 
impaired neuroplasticity, and depletion of cognitive reserve 
[28,35,36]. The effectiveness of cardiac rehabilitation programs 
following myocardial revascularization has been consistently 
demonstrated in systematic reviews and meta-analyses. For 
example, Campos et al. reported that exercise-based cardiac 
rehabilitation significantly improves physical capacity in 
patients after CABG and percutaneous coronary intervention, 
with the greatest benefits observed in aerobic and combined 
training programs lasting 8–12 weeks [37]. Taken together, 
these findings support the concept of rehabilitation as a key 
therapeutic strategy not only for functional recovery but also for 
the prevention and mitigation of cognitive decline after CABG.
Physical Rehabilitation and Prehabilitation:

Physical activity is one of the most extensively studied 
components of rehabilitation following coronary artery bypass 
grafting (CABG). Evidence from systematic reviews and clinical 
studies demonstrates that regular exercise training improves 
hemodynamic parameters, functional capacity, and quality of 
life in these patients [32]. An increasing body of evidence also 
indicates a significant association between physical activity 
and cognitive outcomes. During the inpatient rehabilitation 
phase, structured exercise programs have been associated with 
improvements in cognitive status and a reduced prevalence of 
moderate cognitive impairment [38]. Evidence suggests that 
additional cycle ergometer training is associated with greater 
improvements in cognitive performance, as assessed by the 
Montreal Cognitive Assessment (MoCA) and Mini-Mental 
State Examination (MMSE), compared to standard therapeutic 
exercise programs [9]. In recent years, growing attention has been 
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paid to the concept of prehabilitation. Short-term preoperative 
aerobic training programs prior to CABG have been shown to 
reduce the incidence of postoperative cognitive dysfunction and 
enhance cerebral resilience to ischemic injury [1,28]. These 
effects are thought to be mediated by activation of neuroplastic 
mechanisms, increased levels of brain-derived neurotrophic 
factor (BDNF), and improved neurovascular coupling 
[28,39,29]. Randomized studies further indicate that early 
mobilization and active physiotherapy interventions following 
CABG contribute to improved autonomic regulation and 
reduced hospital length of stay [40]. Given the limited tolerance 
to intensive physical activity in the early postoperative period, 
increasing attention has been directed toward passive or assisted 
muscle stimulation techniques. In a randomized controlled trial 
by Rengo et al., the use of neuromuscular electrical stimulation 
during the first four weeks after hospital discharge—prior to 
the initiation of phase II cardiac rehabilitation—was associated 
with accelerated recovery of physical function. Specifically, 
stimulation of the quadriceps muscles resulted in a greater 
increase in the distance covered during the 6-minute walk test 
compared to standard care [41]. Additional real-world evidence 
is provided by an observational study by Rouleau et al. [42], 
which demonstrated that completion of a prehabilitation program 
was associated with higher rates of referral, enrollment, and 
adherence to cardiac rehabilitation, as well as improvements 
in cardiorespiratory fitness, body mass index, and reductions 
in anxiety and depressive symptoms. The authors conclude 
that prehabilitation is a feasible strategy that may improve 
postoperative and psychoemotional outcomes, although further 
high-quality clinical studies are required to determine optimal 
program design and improve patient adherence [43].
Cardiac Rehabilitation and Quality of Life:

Cardiac rehabilitation following coronary artery bypass 
grafting (CABG) has traditionally been regarded as a strategy 
for improving physical capacity and providing secondary 
prevention of cardiovascular events. However, contemporary 
evidence suggests a broader impact, including effects on 
psychoemotional status and health-related quality of life 
[3,32,33]. Recent studies demonstrate the effectiveness of 
integrating cognitive and physical components into cardiac 
rehabilitation programs for patients after CABG. In a 
randomized controlled trial, multitask cognitive training in the 
early postoperative period resulted in significant improvements 
in attention, executive function, and short-term memory, 
outperforming both standard postoperative care and less 
complex cognitive training protocols. Notably, the greatest 
effects were observed when cognitive tasks were combined 
with postural load, highlighting the potential of multimodal 
rehabilitation approaches [44]. At the same time, evidence from 
large-scale meta-analyses confirms the central role of physical 
activity in secondary prevention and rehabilitation of patients 
with coronary artery disease, including those undergoing 
CABG. An updated meta-analysis published in the European 
Heart Journal, including more than 23,000 patients across 85 
randomized controlled trials, demonstrated that exercise-based 
cardiac rehabilitation is associated with reduced cardiovascular 
mortality, lower rates of recurrent myocardial infarction and 
hospitalization, as well as improvements in quality of life 

and cost-effectiveness [45]. These findings are supported by 
an updated Cochrane systematic review, which demonstrated 
that participation in cardiac rehabilitation programs—either 
exercise-based alone or combined with psychosocial and 
educational components—reduces myocardial infarction risk, 
decreases hospitalizations, and improves quality of life in both 
the short and long term, regardless of revascularization strategy 
or patient characteristics [46]. Taken together, the available 
evidence supports a shift from predominantly exercise-focused 
cardiac rehabilitation toward integrative models that combine 
physical training with cognitive interventions, which may 
be particularly relevant for elderly patients and individuals 
at increased risk of postoperative cognitive impairment. 
Furthermore, a systematic review by Subih et al. demonstrated 
that various formats of cardiac rehabilitation—including center-
based, home-based, and remote programs—are associated 
with sustained improvements in quality of life and functional 
capacity in patients after CABG [14]. However, their impact 
on cognitive outcomes remains variable, potentially due to the 
absence of structured cognitive components in some programs. 
Interestingly, several studies have reported a discrepancy 
between objective cognitive outcomes and patients’ subjective 
assessments of quality of life. For example, Blokzijl et al. 
showed that persistent postoperative cognitive dysfunction at 6 
months after CABG is not consistently associated with reduced 
quality of life [3]. At the same time, emerging evidence suggests 
that cognitive impairment may indirectly influence adherence 
to rehabilitation and participation in physical activity programs, 
particularly among older patients [31,47].
Cognitive Training:

Cognitive rehabilitation is increasingly recognized as a 
promising strategy for the management of postoperative 
neurocognitive disorders. In recent years, randomized 
controlled trials have provided growing evidence supporting the 
effectiveness of cognitive training in preventing postoperative 
neurocognitive complications. In a multicenter randomized 
trial by Jiang et al., preoperative cognitive training in patients 
scheduled for coronary artery bypass grafting (CABG) was 
associated with a statistically significant reduction in the 
incidence of postoperative delirium. Specifically, the risk 
of delirium was reduced by 57% compared to standard care, 
accompanied by a decrease in both the severity and duration of 
delirium episodes [48]. These findings suggest that enhancement 
of cognitive reserve prior to surgery is feasible and support the 
inclusion of cognitive training within prehabilitation programs 
for patients undergoing CABG. Cognitive training interventions 
are designed to stimulate neuroplasticity, compensate for deficits 
in attention, memory, and executive function, and enhance 
cognitive reserve [2,49,50]. Randomized studies further 
demonstrate that postoperative cognitive training can improve 
specific cognitive domains and exert a positive impact on long-
term quality of life [2,49]. In particular, 12-month follow-up 
data indicate sustained improvements in both physical and 
mental health components among patients undergoing cognitive 
rehabilitation after cardiac surgery [2]. However, isolated 
cognitive training does not consistently lead to a reduction in the 
incidence of postoperative cognitive dysfunction, highlighting 
the need for its integration with physical rehabilitation and other 
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non-pharmacological interventions [3,31,33]. Taken together, 
these findings support a multimodal approach in which cognitive 
training is combined with other rehabilitation strategies to 
optimize neurocognitive and functional outcomes after CABG.
Respiratory Training and Adjunctive Methods:

In recent years, increasing attention has been given to 
respiratory training as a component of comprehensive 
rehabilitation following coronary artery bypass grafting 
(CABG). A meta-analysis by Zhang et al. demonstrated that 
respiratory muscle training improves pulmonary function, 
reduces postoperative complications, and shortens hospital 
length of stay [35]. Although cognitive outcomes were 
not primary endpoints in these studies, improvements in 
oxygenation and functional status may indirectly contribute to a 
reduced risk of cognitive impairment [1,2]. Additional attention 
has been directed toward neuromuscular electrical stimulation 
and combined rehabilitation approaches aimed at activating 
both peripheral and central recovery mechanisms. Emerging 
evidence suggests that such interventions may also exert 
beneficial effects on cognitive and neurophysiological outcomes 
after CABG [6,29,32]. In a systematic review and meta-analysis 
by Araújo et al. (2024), inspiratory muscle training (IMT) was 
associated with significant improvements in exercise tolerance 
(as measured by the 6-minute walk test), respiratory muscle 
strength, hospital length of stay, and quality of life in patients 
undergoing phase I and II cardiac rehabilitation. Importantly, 
no adverse events were reported, and beneficial effects were 
observed at both early and outpatient stages, underscoring 
the safety and clinical relevance of incorporating respiratory 
training into rehabilitation programs after CABG [51]. In 
a randomized controlled trial by Rengo et al., the use of 
neuromuscular electrical stimulation in the early postoperative 
period—between hospital discharge and the initiation of phase 
II cardiac rehabilitation—was associated with faster recovery 
of physical function. Specifically, quadriceps stimulation over a 
4-week period resulted in a significant increase in the distance 
covered during the 6-minute walk test and improved exercise 
capacity compared to standard care [32]. Randomized studies 
further demonstrate that the incorporation of respiratory and 
adjunctive exercises into early cardiac rehabilitation improves 
functional capacity, reduces pain, and enhances daily activity 
levels. Respiratory muscle training contributes to increased 
walking distance and improved vascular function, while the 
addition of core and upper limb exercises promotes sternal 
healing and overall functional recovery [52,53].

The available evidence suggests that multimodal rehabilitation 
strategies combining physical exercise, cognitive training, 
and respiratory interventions may provide the greatest benefit 
for both functional and neurocognitive recovery after CABG. 
However, substantial heterogeneity in intervention protocols 
and outcome assessment highlights the need for standardized 
rehabilitation models and randomized controlled trials with 
cognitive endpoints.
Barriers and Future Directions in the Implementation of 
Rehabilitation Programs:

Despite the proven effectiveness of rehabilitation interventions, 
their implementation in clinical practice remains challenging. 

Key barriers include low patient adherence, logistical constraints, 
and socioeconomic factors [33,54]. Prospective data indicate 
particularly low participation rates among elderly patients in 
cardiac rehabilitation programs, with cognitive impairment and 
adverse social determinants representing significant obstacles to 
engagement [55]. Furthermore, qualitative studies highlight the 
importance of individualized approaches, family support, and 
the use of remote or tele-rehabilitation modalities to improve 
patient participation and adherence [14,54]. Taken together, 
these findings underscore the need for patient-centered and 
flexible rehabilitation models tailored to individual clinical and 
social contexts.
Conclusion.

The present analysis of contemporary literature demonstrates 
the high prevalence of cognitive impairment in patients 
following coronary artery bypass grafting (CABG) and confirms 
its significant clinical and social impact within the spectrum of 
postoperative complications. Despite substantial advances in 
cardiac surgery, anesthesiology, and perioperative monitoring, 
postoperative cognitive dysfunction remains a relevant clinical 
problem, affecting quality of life, functional independence, 
and patients’ rehabilitation potential. The available evidence 
reveals marked heterogeneity in the reported prevalence and 
structure of cognitive impairment after CABG, which is largely 
attributable to differences in diagnostic approaches, timing of 
neuropsychological assessment, and applied criteria. The lack 
of standardized diagnostic protocols limits the comparability of 
study findings and highlights the need for the standardization 
of cognitive assessment methods in both perioperative and 
postoperative settings. Contemporary studies confirm the 
multifactorial nature of the pathogenesis of cognitive impairment 
after CABG, involving preoperative patient characteristics, 
intraoperative risk factors, and postoperative management. In 
this context, a comprehensive diagnostic approach that integrates 
neuropsychological testing, neurophysiological methods, and 
biomarkers of neuroinjury and neuroplasticity is of particular 
importance, as it enables more accurate risk stratification and 
objective evaluation of recovery dynamics. Editorial and large-
scale studies emphasize that the key determinant of cognitive 
outcomes after coronary revascularization is not the type of 
intervention per se, but rather individual patient characteristics, 
including age, baseline cognitive reserve, and comorbidities, 
which necessitates a personalized approach to cognitive 
assessment and rehabilitation. The analysis of the literature also 
highlights the potential of medical rehabilitation as a key strategy 
for the prevention and management of cognitive impairment 
after CABG. Physical rehabilitation, cardiac rehabilitation 
programs, cognitive training, and respiratory exercises have 
demonstrated beneficial effects not only on functional status and 
quality of life but also on cognitive outcomes, particularly when 
implemented within combined and personalized rehabilitation 
programs. However, several issues remain unresolved, including 
the optimal timing of rehabilitation initiation, the selection of 
intervention components, and the duration of rehabilitation 
programs, as well as the limited number of randomized studies 
focusing on cognitive endpoints. This underscores the need for 
further prospective research aimed at developing standardized 
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and clinically applicable rehabilitation protocols with 
mandatory assessment of cognitive outcomes. Future research 
should prioritize the development of standardized multimodal 
rehabilitation protocols incorporating both physical and 
cognitive interventions. Particular attention should be given to the 
selection of validated cognitive endpoints, including instruments 
such as the Montreal Cognitive Assessment (MoCA), as well 
as to the integration of neurophysiological and biomarker-
based monitoring approaches. Randomized controlled trials 
with long-term follow-up are needed to determine the optimal 
timing, intensity, and duration of rehabilitation interventions 
and to establish clinically effective strategies for preventing and 
managing perioperative neurocognitive disorders after CABG.
Limitations.

This review has several limitations. First, it is based on studies 
published within the past five years, which may have resulted in 
the exclusion of earlier research with potential methodological 
and clinical relevance. Second, the included studies demonstrate 
substantial heterogeneity in study design, sample characteristics, 
diagnostic tools, and timing of cognitive assessments, limiting 
direct comparability and precluding quantitative synthesis of 
results. Third, in the majority of studies, cognitive impairment 
was assessed as a secondary or exploratory outcome rather 
than a primary endpoint, which affects the strength of evidence 
regarding the impact of rehabilitation interventions on cognitive 
recovery. Finally, the number of randomized controlled trials 
specifically addressing cognitive rehabilitation in patients 
after CABG remains limited, and data on long-term cognitive 
outcomes are insufficient. These limitations highlight the need 
for future prospective studies employing standardized diagnostic 
criteria, uniform rehabilitation protocols, and mandatory 
assessment of cognitive endpoints.
Implications.

The findings of this review support the integration of cognitive 
assessment into standard clinical management algorithms 
for patients undergoing coronary artery bypass grafting. 
They further underscore the importance of implementing 
comprehensive, multimodal rehabilitation strategies aimed at 
improving long-term cognitive, functional, and social outcomes 
in this patient population.
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