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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.




REQUIREMENTS

Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:

1. Articles must be provided with a double copy, in English or Russian languages and typed or
compu-ter-printed on a single side of standard typing paper, with the left margin of 3 centimeters width,
and 1.5 spacing between the lines, typeface - Times New Roman (Cyrillic), print size - 12 (referring to
Georgian and Russian materials). With computer-printed texts please enclose a CD carrying the same file titled
with Latin symbols.

2. Size of the article, including index and resume in English, Russian and Georgian languages must
be at least 10 pages and not exceed the limit of 20 pages of typed or computer-printed text.

3. Submitted material must include a coverage of a topical subject, research methods, results,
and review.

Authors of the scientific-research works must indicate the number of experimental biological spe-
cies drawn in, list the employed methods of anesthetization and soporific means used during acute tests.

4. Articles must have a short (half page) abstract in English, Russian and Georgian (including the
following sections: aim of study, material and methods, results and conclusions) and a list of key words.

5. Tables must be presented in an original typed or computer-printed form, instead of a photocopied
version. Numbers, totals, percentile data on the tables must coincide with those in the texts of the
articles. Tables and graphs must be headed.

6. Photographs are required to be contrasted and must be submitted with doubles. Please number
each photograph with a pencil on its back, indicate author’s name, title of the article (short version), and
mark out its top and bottom parts. Drawings must be accurate, drafts and diagrams drawn in Indian ink
(or black ink). Photocopies of the X-ray photographs must be presented in a positive image in tiff format.

Accurately numbered subtitles for each illustration must be listed on a separate sheet of paper. In
the subtitles for the microphotographs please indicate the ocular and objective lens magnification power,
method of coloring or impregnation of the microscopic sections (preparations).

7. Please indicate last names, first and middle initials of the native authors, present names and initials
of the foreign authors in the transcription of the original language, enclose in parenthesis corresponding
number under which the author is listed in the reference materials.

8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/urm_full.pdf
In GMN style for each work cited in the text, a bibliographic reference is given, and this is located at the end
of the article under the title “References”. All references cited in the text must be listed. The list of refer-
ences should be arranged alphabetically and then numbered. References are numbered in the text [numbers
in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
by Cyrillic and Latin).

9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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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
(CABQG). 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,
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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:
(“coronaryarterybypassgrafting” 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
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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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Figure 1. The PRISMA-ScR flow diagram illustrating the study selection process.

Table 1. FITT Principles of Rehabilitation Interventions After CABG Associated with Cognitive and Functional Benefits.

Intervention Frequency Intensity Time Type Reported Benefits

. . . . Improved functional capacity,
Ae.r O.blc exereise 3-5 sessions/week  Moderate intensity ~ |30—45 min/session Wall.qng, treadmill, cerebral perfusion, cognitive
training cycling

performance

Combined cardiac

Acrobic + resistance Improved quality of life,

e 3-5 sessions/week  Moderate 812 weeks .. reduced cardiovascular risk,
rehabilitation training R
better rehabilitation adherence
. . . Reduced risk of POCD
e 2-5 sessions/week 2-4 weeks Aerobic exercise and ’
Prehabilitation Low-to-moderate . .. enhanced neurovascular
before surgery preoperatively conditioning o
resilience
. .. Memory, attention, . .
. - Daily or 3-5 Structured cognitive . . . . Improved attention, executive
Cognitive training ; 2040 min/session executive-function e .
sessions/week load functioning, cognitive reserve

exercises

Dual-task cognitive

el e M
rehabilitation oderate

3-5 sessions/week

20-30 min/session

Enhanced neuroplasticity and
executive function

Simultaneous postural
and cognitive tasks

Inspiratory muscle Moderate inspiratory

5-7 sessions/week

15-30 min/session

Respiratory muscle Improved oxygenation,

training resistance exercises exercise tolerance, recovery

Neuromuscular Daily or several . . uadriceps electrical ~ Improved mobility and physical
. . . Jary Low-to-moderate 20-30 min/session Q. P P . Y and puys

electrical stimulation times/week stimulation recovery in early rehabilitation

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.
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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



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 dominantrole 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
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to enable early intervention and individualized rehabilitation
strategies [15,16].

Clinical and Social Significance of POCD:

Cognitiveimpairment following coronary artery bypass grafting
(CABQG) 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].



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)
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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]. Inrecent years, growing attention has been



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
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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



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
(CABQG). 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 Araujo 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.
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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



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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