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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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Abstract.
Introduction: Cardiac surgery involving cardiopulmonary 

bypass (CPB) is frequently associated with a spectrum of 
postoperative neurological complications, ranging from 
transient neurocognitive decline to permanent cerebrovascular 
damage. These events are often accompanied by significant 
disruptions in sleep architecture, which may further impede the 
brain's recovery process. Despite the prevalence of these issues, 
the correlation between postoperative sleep parameters and 
neurocognitive outcomes remains insufficiently explored.

Objective: The primary goal of this prospective study was to 
evaluate the relationship between postoperative cerebrovascular 
and cognitive dysfunctions and alterations in polysomnographic 
(PSG) parameters in patients undergoing cardiac surgery.

Methods: A total of 507 patients scheduled for cardiac 
surgery were screened, of whom 104 patients met the strict 
inclusion criteria and underwent comprehensive neurological 
and polysomnographic assessment. Patients were divided 
into two groups: Group I (n=52) received Citicoline as part 
of their perioperative management, while Group II (n=52) 
served as the control group. Cognitive function was assessed 
using the MMSE and MoCA scales. PSG parameters, including 
sleep latency, REM latency, and arousal index, were recorded 
preoperatively and postoperatively (at Day 10 and 1 month), 
while acute neurological evaluations were performed at Day 3.

Results: Pre-operative screening revealed internal carotid 
artery stenosis or occlusion in 28.8% (n=30) of the enrolled 
cohort. Acute postoperative neurological complications were 
documented in 35.6% (n=37) of the patients on Day 3. PSG data 
revealed profound alterations in sleep architecture, characterized 
by increased sleep latency and an elevated arousal index on Day 
10, closely correlating with cognitive impairment. Notably, 
within the subgroup analysis of patients with POCD, Group 
I (Citicoline) demonstrated a significant recovery in MoCA 
scores and faster structural stabilization of sleep parameters 
compared to the control group by Day 30 (p = 0.0016).

Conclusion: The study demonstrates that polysomnography is 
a sensitive tool for detecting early neurocognitive dysfunction 
following cardiac surgery. The inclusion of Citicoline in the 
perioperative protocol significantly mitigates neurocognitive 
decline and facilitates the stabilization of sleep-wake cycles. 
PSG parameters may serve as reliable objective markers for 
predicting long-term neurological outcomes in cardiac surgery 
patients.

Key words. Cardiac surgery, neurocognitive impairment, 
polysomnography, citicoline, CPB, neuroprotection.
Introduction.

Open-heart surgery involving cardiopulmonary bypass 
(CPB) remains one of the most complex interventions in 

modern clinical medicine, frequently complicated by adverse 
cerebral outcomes [1-5]. While intraoperative macroembolic 
events have been significantly reduced through technological 
advancements, diffuse micro embolization and systemic 
inflammatory responses continue to pose a profound threat 
to central nervous system integrity [6-12]. Postoperative 
neurocognitive dysfunction (POCD) and transient ischemic 
events affect a substantial proportion of patients undergoing 
coronary artery bypass grafting or valvular procedures, severely 
impacting their long-term quality of life and rehabilitation.

Recent neurobiological insights indicate that the 
pathophysiology of POCD is multi factorial, involving acute 
endothelial cell necroptosis, micro vascular hypo perfusion, 
and a subsequent acute disruption of the blood-brain barrier 
(BBB) secondary to non-pulsatile perfusion dynamics [13]. 
Concurrently, contemporary sleep medicine has demonstrated 
that early postoperative sleep fragmentation significantly 
hinders cellular homeostasis and suppresses the brain's natural 
neuroprotective cascades. Complete or partial sleep deprivation 
impairs the functional integrity of the glymphatic system, 
which is crucial for clearing neurotoxic metabolic byproducts 
accumulated during ischemia and reperfusion phases [14-16].

Despite the established clinical relevance of both sleep 
disturbances and cognitive deficits in cardiac surgery patients, 
the precise interaction between perioperative sleep architecture 
alterations—such as sleep latency and arousal indices—
and specific neurocognitive outcomes remains insufficiently 
quantified in standardized clinical settings. Furthermore, 
effective pharmacological strategies capable of mitigating 
this dual neurological burden require rigorous prospective 
evaluation.

Therefore, this prospective study aimed to investigate the direct 
correlation between postoperative cerebrovascular events, sleep-
wake cycle disruptions quantified by polysomnography (PSG), 
and neurocognitive trajectory. Additionally, we evaluated the 
clinical efficacy of perioperative Citicoline administration as 
a potential neuroprotective agent to facilitate both cognitive 
recovery and the structural stabilization of sleep architecture.
Materials and Methods.
Study design and Patient Selection:

This prospective, controlled clinical study was conducted 
between 2011 and 2014. A total of 507 patients scheduled for 
cardiac surgery were initially screened. Following a rigorous 
selection process based on predefined inclusion and exclusion 
criteria, a finalized cohort of 104 patients was enrolled in the 
study.

To guarantee methodological rigor, strict selection criteria were 
applied. Inclusion criteria required patients to be: candidates 
for elective cardiac surgery involving cardiopulmonary bypass 
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(CPB), including isolated coronary artery bypass grafting 
(CABG) or valve replacement procedures; aged between 50 and 
75 years; and capable of providing signed informed consent. 
Exclusion criteria comprised: pre-existing diagnosed dementia 
or severe cognitive impairment (baseline MMSE < 24); active 
major psychiatric or neurological disorders; a history of a 
major disabling ischemic or hemorrhagic stroke within the past 
six months; severe uncorrected hepatic or renal failure; and 
significant carotid artery stenosis (>70%) requiring simultaneous 
intervention. Based on these strict criteria, 403 patients were 
excluded during pre-operative screening, ensuring the validity 
of subsequent postoperative neurocognitive assessments.
Group Allocation and Intervention:

Group allocation was non-randomized, clinically driven, 
and adapted to the perioperative therapeutic protocols. The 
enrolled cohort of 104 patients was allocated into two distinct, 
equal groups to evaluate the efficacy of the neuroprotective 
intervention:

·	 Group I (Intervention Group, n=52): Patients received 
Citicoline according to a structured perioperative 
neuroprotective protocol: 1000 mg administered 
intravenously (IV) every 12 hours (totaling 2000 mg/
day) starting 24 hours prior to surgery and continuing 
for the first 10 postoperative days. This acute phase was 
followed by a maintenance phase of 1000 mg administered 
intramuscularly (IM) once daily for the subsequent 20 days, 
completing a total therapeutic course of 30 days.

·	 Group II (Control Group, n=52): Patients received 
standard perioperative care and routine postoperative 
management without addition of specific neuroprotective 
pharmacological support.

Neurocognitive Assessment:
Neurocognitive function was evaluated using a comprehensive 

battery of internationally validated scales, administered 
preoperatively (baseline) and postoperatively at three specific 
clinical intervals: day 3, day 10, and one month (day 30). The 
assessment tools included:

·	 Mini-Mental State Examination (MMSE) and Montreal 
Cognitive Assessment (MoCA) for objective global 
cognitive screening and identification of postoperative 
cognitive dysfunction (POCD).

·	 Clock Drawing Test (CDT) to specifically evaluate executive 
function, abstract thinking, and visuospatial abilities.

·	 Modified Rankin Scale (mRS) and Glasgow Coma Scale 
(GCS) to monitor functional independence, neurological 
deficit progression, and consciousness levels.

Polysomnographic (PSG) Protocol:
Objective sleep architecture and structure were analyzed via 

full-night polysomnography (PSG) in a standardized clinical 
laboratory environment. PSG recordings were performed 
preoperatively to establish baseline values and dynamically 
repeated during the postoperative recovery phase (day 10 and 
day 30). Key physiological parameters recorded and analyzed 
included:

·	 Sleep Latency (SL) and REM Latency (expressed in 
minutes).

·	 Arousal Index (AI): Defined as the number of 
neurophysiological arousals per hour of sleep, measuring 
the exact frequency of sleep fragmentations.

·	 Sleep Efficiency (%) and Stage Distribution: Specifically 
focusing on the percentages of REM sleep and slow-wave 
sleep (SWS, N3 stage).

Statistical Analysis:
Statistical processing was performed using SPSS Version 22.0. 

Continuous variables are presented as mean ± standard deviation 
(SD) with 95% confidence intervals (CI). Comparative analysis 
between Group I and Group II was conducted using Student's 
t-test for independent samples regarding continuous variables 
and Chi-square (χ2) tests for categorical data. Repeated 
measures ANOVA was utilized to track the longitudinal changes 
across the multiple postoperative timelines. A p-value of < 0.05 
was considered statistically significant.
Results.
Neurological Outcomes and Cognitive Profile.

Study Population, Group Allocation, and Subgroup 
Specification:

Following cardiac surgery involving cardiopulmonary bypass, 
acute postoperative neurological complications and transient 
neurocognitive impairments were identified in 37 patients 
(35.6%) out of the total 104 enrolled participants during the initial 
evaluation on Day 3. Within this clinically complicated cohort, 
persistent postoperative cognitive dysfunction (POCD) was 
objectified in 35 patients based on standardized psychometric 
scoring on Day 10. Consequently, to ensure methodological 
rigor and track the longitudinal evolution of severe cognitive 
deterioration, a secondary subgroup analysis evaluating long-
term neurocognitive and polysomnographic (PSG) parameters 
was performed specifically on these 35 affected individuals up 
to Day 30.

The longitudinal tracking strictly maintained the patients' 
original cohort allocation, demonstrating a clear neuroprotective 

Group I (Citicoline, n=52) Group II (Control, n=52) p-value
Age (years, Mean ± SD) 64.2 ± 6.8 64.5 ± 6.5 63.9 ± 7.1 0.65
Gender (Male, n / %) 72 (69.2%) 35 (67.3%) 37 (71.2%) 0.67
— Isolated CABG (n / %) 68 (65.4%) 33 (63.5%) 35 (67.3%) 0.68
— Valve Replacement (n / %) 36 (34.6%) 19 (36.5%) 17 (32.7%) 0.68
Cardiopulmonary Bypass Time (min) 112.4 ± 24.6 110.8 ± 22.4 114.1 ± 26.7 0.49
Pre-operative Carotid Artery Stenosis (n / %) 30 (28.8%) 14 (26.9%) 16 (30.8%) 0.66
Acute Neurological Complications (Day 3) 37 (35.6%) 15 (28.8%) 22 (42.3%) 0.15

Table 1. Baseline Clinical and Demographical Characteristics total cohort (N=104).
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Complication Type Number of Cases (Total N=61*) Percentage of Total Cohort (N=104)
Ischemic stroke 3 2.9%
Postoperative cognitive dysfunction (POCD) 35 33.7%
Severe sleep disturbances 19 18.3%
Epileptic seizures 3 2.9%
Polyneuropathic syndrome 1 1.0%

Table 2. Postoperative Neurological Complications in the Cohort.

*Note: The total number of recorded complications (n=61) exceeds the total number of affected patients (n=37) because several individuals 
manifested overlapping/combined neurological and cognitive symptoms postoperatively.

Parameter & Affected Subgroups Preoperative 
Baseline

Postoperative 
(Day 10)

1 Month Post-Surgery
(Day 30)

Normal 
Reference Range

Montreal Cognitive Assessment (MoCA) ≥ 26 points
— Subgroup I (Citicoline, n=13) 26.3 ± 1.2 24.2 ± 1.1 26.4 ± 1.2
— Subgroup II (Control, n=22) 26.1 ± 1.4 21.8 ± 1.4 23.1 ± 1.8 (p = 0.0016)
Sleep Latency (minutes) 20–30 min
— Subgroup I (Citicoline, n=13) 28.4 ± 4.2 64.8 ± 12.4 32.1 ± 5.6
— Subgroup II (Control, n=22) 28.1 ± 4.5 66.2 ± 13.1 48.4 ± 7.9 (p < 0.01)
Arousal Index (events / hour) < 15 events/hr
— Subgroup I (Citicoline, n=13) 12.3 ± 3.1 38.7 ± 8.4 16.2 ± 4.3
— Subgroup II (Control, n=22) 12.5 ± 2.9 39.4 ± 9.1 26.8 ± 5.7 (p < 0.01)
Sleep Efficiency (%) > 85%
— Subgroup I (Citicoline, n=13) 88.2 ± 5.4 54.1 ± 10.2 82.6 ± 6.7%
— Subgroup II (Control, n=22) 87.9 ± 5.1 52.8 ± 10.8 68.4 ± 7.1% (p < 0.01)

Table 3. Dynamics of Polysomnographic Parameters Across Subgroups (Mean ± SD).

Figure 1. Flowchart of study design, patient screening, and longitudinal subgroup allocation.

Figure 2. Neurocognitive dysfunctions demonstrate a significant decrease following targeted therapy, highlighting a distinct variance between 
Group I and Group II patients.
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Figure 3. Shows electroencephalographic (EEG) recordings mapping cerebral bioelectrical activity variations.
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Figure 4. Postoperative structural neuroimaging and electrophysiological dynamics.  Axial T2-FLAIR and DWI sequences demonstrating 
subclinical, silent microischemic foci within the periventricular white matter and hippocampal regions post-cardiopulmonary bypass.
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Figure 5. Shows PSG in dynamics.
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therapeutic effect. The remaining neurocognitive deficit was 
distributed as follows: Subgroup I (n=13, representing the 
persistent POCD patients from the original Citicoline intervention 
arm, indicating an accelerated recovery rate), and Subgroup II 
(n=22, representing the persistent POCD patients from the original 
non-treated Control arm, highlighting a sustained cognitive 
decline). This statistical distribution confirmed a significantly 
lower incidence of persistent POCD in the neuroprotective 
treatment arm compared to the control group.

On postoperative Day 3, a total of 37 patients (35.6%) within 
the entire cohort (N=104) exhibited acute, transient or sustained 
neurological and cognitive symptoms, ranging from focal 
deficits to global encephalopathy. To comprehensively evaluate 
the nature of these perioperative challenges, all recorded clinical 
adverse events were categorized based on specific neuro-
functional manifestations.

As detailed in Table 2, while severe macro-embolic events 
like ischemic stroke remained minimal due to advanced arterial 
filtration, micro-fragmented complications such as acute sleep 
architecture disruptions and early-onset cognitive fluctuations 
were highly prevalent, often co-occurring within the same 
individuals.
Neurocognitive Therapy and PSG Outcomes.

Out of the initially enrolled 104 patients (Group I, n=52 
Citicoline; Group II, n=52 Control), acute postoperative 
neurological complications occurred in 37 patients (35.6%). 
Within this complicated cohort, persistent postoperative 
cognitive dysfunction (POCD) developed in 35 patients by Day 
10. Consequently, the secondary subgroup analysis evaluating 
long-term neurocognitive and polysomnographic (PSG) 
outcomes was performed specifically on these 35 affected 
individuals up to Day 30, strictly maintaining their original 
cohort allocation to demonstrate therapeutic variance.

The subgroup distribution clearly objectified the 
neuroprotective efficacy of the intervention, structured 
as follows: Subgroup I (n=13, representing the persistent 
POCD patients from the original Citicoline arm, indicating 
a high recovery rate) and Subgroup II (n=22, representing 
the persistent POCD patients from the original non-treated 
Control arm, highlighting sustained cognitive impairment). All 
patients underwent standardized pre- and postoperative neuro-
psychological assessments to dynamically evaluate their global 
cognitive functions. The following section outlines the Mini-
Mental State Examination (MMSE) and Montreal Cognitive 
Assessment (MoCA) performance results.

Baseline psychometric evaluation demonstrated that both 
groups possessed comparable cognitive and neuropsychological 
status prior to surgery. The mean Mini-Mental State Examination 
(MMSE) score was 27.4 ± 1.1 in Group I (Citicoline) and 
27.2 ± 1.3 in Group II (Control), while the baseline Montreal 
Cognitive Assessment (MoCA) scores were 26.3 ± 1.2 and 26.1 
± 1.4, respectively. On postoperative Day 3, an acute, uniform 
decline in cognitive performance was documented across the 
entire complicated cohort (n=35), with mean MoCA scores 
dropping significantly to 21.4 ± 1.5 in Subgroup I and 21.2 ± 
1.7 in Subgroup II, reflecting early perioperative neurocognitive 
fluctuations and metabolic impact.

However, longitudinal tracking revealed divergent recovery 
trajectories between the two arms. By Day 10, Subgroup I 
(Citicoline) demonstrated accelerated cognitive stabilization, 
with mean MMSE scores improving to 25.1 ± 1.2 (95% CI: 
24.4–25.8) and MoCA scores rising to 24.2 ± 1.1 (95% CI: 23.5–
24.9). In contrast, Subgroup II (Control) exhibited prolonged 
cognitive deficit, with their MoCA scores stagnating at 21.8 ± 
1.4 (95% CI: 21.1–22.5).

This therapeutic divergence became definitive by Day 30 (1 
month postoperatively). Subgroup I achieved near-baseline 
neurocognitive restoration, with a finalized mean MMSE score 
of 27.1 ± 0.9 and a MoCA score of 26.4 ± 1.2 (95% CI: 25.9–
26.9). Conversely, the untreated Control subgroup (Subgroup 
II) continued to manifest persistent postoperative cognitive 
dysfunction (POCD), with a mean MoCA score remaining 
significantly depressed at 23.1 ± 1.8 (95% CI: 22.4–23.8), 
establishing a statistically significant long-term therapeutic 
advantage for the Citicoline intervention arm (p = 0.0016).

Figure 1 Flowchart of study design, patient screening, and 
longitudinal subgroup allocation. Out of 507 screened patients, 
104 met strict inclusion criteria and were split into Group I 
(Citicoline, n=52) and Group II (Control, n=52). Secondary 
longitudinal subgroup analysis track the 35 patients who 
developed persistent postoperative cognitive dysfunction 
(POCD) by Day 10 up to Day 30.

According to the diagram below (Figure 2), neurocognitive 
dysfunctions demonstrate a significant decrease following 
targeted therapy, highlighting a distinct variance between Group 
I and Group II patients.
Polysomnographic and Neurophysiological Indicators.

The analysis of cerebral bioelectrical activity and sleep 
architecture demonstrated profound alterations in patients with 
neurocognitive impairment following cardiopulmonary bypass 
(CPB). Quantitative electroencephalographic (EEG) monitoring 
pre- and postoperatively tracked the evolution of functional 
encephalopathy. Early postoperative phases were characterized 
by diffuse background slowing with a shift toward theta and 
delta power frequencies, indicating perioperative metabolic and 
ischemic impact. Subsequent longitudinal tracking documented 
a systematic restoration of the posterior dominant alpha rhythm 
and stabilization of spectral power distribution, which correlated 
with clinical recovery.

Similarly, polysomnography (PSG) objectified severe 
structural sleep disruptions. Table 3 summarizes the dynamic 
changes in key PSG parameters from the preoperative baseline 
to one-month post-surgery, stratified by subgroup to demonstrate 
therapeutic variance. The baseline sleep-wake architecture was 
heavily fragmented postoperatively, manifesting as prolonged 
sleep latency and a marked elevation of the arousal index, 
driven by micro-arousals during non-REM stages. 
Impact of Neuroprotective Therapy.

Longitudinal objective monitoring revealed that patients 
who received Citicoline (Subgroup I) demonstrated a highly 
superior neurophysiological recovery profile. By the end of the 
first postoperative month (Day 30), the mean MoCA score in 
Subgroup I had returned to near-baseline levels (26.4 ± 1.2), 
whereas the untreated Control cohort (Subgroup II) continued 
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to exhibit severe deficits in executive function and delayed 
recall (23.1 ± 1.8, p = 0.0016).

Furthermore, quantitative EEG and PSG dynamic tracking 
confirmed that the stabilization of both the Arousal Index 
and Sleep Latency occurred significantly faster and more 
systematically in the Citicoline arm. By Day 30, Subgroup I 
achieved near-complete normalization of sleep efficiency (82.6 
± 6.7%), while Subgroup II demonstrated persistent sleep 
fragmentation, prolonged REM latency, and unstable sleep 
stage architecture (p < 0.01). 

Following Figure 3 shows electroencephalographic (EEG) 
recordings mapping cerebral bioelectrical activity variations. 
The early postoperative phase illustrates a functional metabolic 
encephalopathy with diffuse background slowing and an increase 
in low-frequency theta and delta spectral power. Subsequent 
traces demonstrate a progressive, therapeutic restoration of 
the posterior dominant alpha rhythm and synchronization of 
cortical voltage distribution.

Neuroimaging via structural magnetic resonance imaging 
(MRI) postoperatively correlated with these functional recovery 
patterns. Patients adhering to the neuroprotective protocol 
demonstrated a lower incidence of silent microischemic foci 
within the periventricular white matter and hippocampal 
regions. In patients manifesting persistent cognitive fluctuations, 
postoperative structural MRI sequences revealed subclinical, 
silent microischemic alterations prior to any overt clinical 
neurological manifestations, as illustrated in Figure 4.

Figure 5 Representative multi-channel overnight 
polysomnography (PSG) tracings demonstrating early 
postoperative structural sleep disruptions and subsequent 
therapeutic stabilization. The raw PSG epochs illustrate 
continuous electrophysiological monitoring across 
standardized clinical channels, including electrooculography 
(EOG: E1–M1, E2–M1) for REM detection, multi-channel 
electroencephalography (EEG: F3–M2, C3–M2, O1–M2) for 
sleep architecture staging and micro-arousal quantification, and 
submental electromyography (EMG) for muscle tone assessment. 
Concurrently integrated cardiorespiratory dynamics track 
multi-lead electrocardiography (ECG), photoplethysmography 
(PPG), nasal airflow, thoracic-abdominal respiratory effort, and 
continuous oxygen saturation (SaO2). 

Early postoperative recordings in untreated controls are 
characterized by profound architectural disintegration, 
manifesting as severe fragmentation of non-REM slow-wave 
sleep, prolonged sleep onset latency, and a pathologically 
elevated Arousal Index driven by recurrent micro-arousals and 
transient electroencephalographic shifts. Dynamic tracking 
demonstrates that perioperative Citicoline pharmacotherapy 
facilitates accelerated homeostatic stabilization, characterized 
by the progressive restoration of organized sleep spindles, 
K-complexes, stable REM sleep synchronization, and a 
significant reduction in micro-arousal frequency by Day 30.
Discussion.

The results of our study underscore the critical and intricate 
interplay between cardiac surgery, postoperative sleep 
architecture disruptions, and neurocognitive integrity. The 
clinical incidence of early neurological complications and 

neurocognitive fluctuations (35.6%) objectified in our cohort 
aligns with contemporary international findings. These 
studies identify cardiopulmonary bypass (CPB) and non-
pulsatile perfusion dynamics as major systemic triggers for 
acute microembolization and generalized neuroinflammatory 
response patterns, both of which are heavily detrimental to 
higher cerebral functions. 

While modern technological advancements over the past 
two decades—such as the systematic implementation of mini-
CPB circuits, leukocyte-depleting arterial line filters, and 
biocompatible thromboresistant coatings—have successfully 
minimized the risk of gross embolic cortical strokes, 
microembolic showers and systemic inflammatory response 
syndrome (SIRS) remain pervasive intraoperative challenges. 
Recent international literature confirms that the blood-brain 
barrier (BBB) maintains an extreme vulnerability to CPB-
induced endothelial cell mechanical injury and subsequent 
necroptosis. This cellular cascade directly triggers microglial 
activation, acute neuroinflammation, and subsequent structural 
sleep-wake cycle disturbances within regulatory hypothalamic 
centers. 
The Diagnostic Value of Polysomnography (PSG) and 
Pathophysiological Correlations.

Our dynamic neurophysiological findings highlight a profound, 
multidimensional disruption in sleep-wake cycles following 
CPB. The significant, acute increase in sleep latency and the 
arousal index (detailed in Table 3) directly suggests that major 
cardiac surgery induces a transient state of "cerebral instability" 
or metabolic encephalopathy. Crucially, we observed that 
patients presenting with the most severe neurocognitive decline 
(measured by longitudinal MMSE and MoCA scoring) also 
exhibited the most fragmented sleep architecture. This strong 
clinical interplay underscores that postoperative PSG is not 
merely a diagnostic tool for sleep disturbances, but functions as 
a highly sensitive, objective biomarker for early postoperative 
encephalopathy. 

Furthermore, contemporary sleep medicine underscores that 
severe postoperative REM sleep fragmentation and slow-wave 
sleep deprivation directly impair the functional integrity of 
cerebral glymphatic clearance mechanisms. This metabolic 
pathway explains why the significantly elevated Arousal Index 
and prolonged sleep latency documented in our non-treated 
control cohort (Subgroup II) directly correlated with severe, 
sustained verbal learning deficits, executive dysfunctions, 
and memory retention delays postoperatively. The persistent 
reduction in REM sleep stages and the pathological persistence 
of sleep fragmentation documented via electrophysiological 
tracing (Figure 5) and quantified in Table 3 reflect a homeostatic 
failure in the brain’s glymphatic clearance and neuroplastic 
recovery pathways, thereby compounding cognitive deficits 
over time. 

The strong positive correlation established between the 
chronological normalization of REM latency and global 
cognitive scores at the one-month mark (r = 0.68, p < 0.01) 
strongly indicates that the structural restoration of sleep 
architecture is a pathophysiological prerequisite for sustained 
neurocognitive recovery following extracorporeal circulation. 
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In this clinical framework, the Arousal Index proved to be an 
exceptionally sensitive marker; its pathological persistence in 
the control arm directly correlated with long-term, unmitigated 
postoperative cognitive dysfunction (POCD). Conversely, its 
rapid, systematic decline in the intervention arm served as a 
reliable early indicator of a favorable long-term neurological 
prognosis. 
Mechanisms of Citicoline’s Neuroprotective Efficacy.

The distinct therapeutic efficacy of Citicoline observed in our 
intervention arm (Subgroup I) dynamically aligns with modern 
molecular evidence regarding central neuroprotection and 
neurorestoration. Citicoline acts as an essential rate-limiting 
intermediate via the Kennedy pathway, directly preserving 
structural neuronal membrane phospholipids, mitigating 
blood-brain barrier endothelial permeability, and accelerating 
acetylcholine synthesis within the reticular activating system. 

Our quantitative data demonstrates that Citicoline-treated 
individuals achieved a significantly faster, structural stabilization 
of both the arousal index and overall sleep efficiency compared 
to the control group (Table 3). By firmly preserving endothelial 
and neuronal membrane integrity, perioperative Citicoline 
pharmacotherapy appears to prevent the functional "leakage" 
of the BBB and suppress the acute neuroinflammatory cytokine 
cascade. This facilitates an accelerated, synchronized restoration 
of both physiological sleep patterns and cognitive performance 
scores. 

By functionally stabilizing these critical central cholinergic 
pathways, Citicoline facilitates the accelerated restoration of 
physiological slow-wave and REM sleep architecture. This 
structural sleep stabilization is vital for the timely activation 
of the glymphatic clearance system, which is responsible for 
effectively flushing neurotoxic metabolic byproducts from 
hippocampal formations following cardiopulmonary bypass 
hypoperfusion. This dual synergistic mechanism fully accounts 
for the significantly accelerated MoCA and MMSE score 
recovery profiles objectified in our treatment cohort by Day 30. 
It also correlates with neuroimaging outcomes (Figure 4), which 
demonstrate a reduced incidence and faster stabilization of 
subclinical microischemic foci within the periventricular white 
matter and hippocampal formations among patients adhering to 
the neuroprotective protocol. 
Clinical Implications.

Given the definitive lack of a current global "gold standard" 
protocol for perioperative neuroprotection in open-heart 
surgery, our study suggests that a synchronized combination 
of objective postoperative PSG monitoring and structured 
perioperative Citicoline therapy could significantly optimize 
long-term clinical outcomes. Incorporating full-night PSG 
screening or objective electrophysiological monitoring in the 
early postoperative phase may allow clinicians to objectively 
identify "at-risk," neurocognitively vulnerable patients well 
before permanent, irreversible neurological and ischemic 
damage occurs.
Conclusion.

In conclusion, the findings of this prospective clinical study 
demonstrate that postoperative neurocognitive impairment in 

cardiac surgery patients undergoing cardiopulmonary bypass 
is intimately and mechanistically linked to profound structural 
disruptions in sleep architecture. Polysomnography (PSG) 
serves as a critical, highly sensitive neurophysiological tool, 
providing objective, non-invasive biomarkers—specifically 
the Arousal Index and REM latency—that reliably predict the 
trajectory of long-term neurocognitive recovery. 

Furthermore, the perioperative administration of Citicoline 
proved to be a highly effective neuroprotective strategy, 
significantly accelerating the homeostatic stabilization of 
both psychometric cognitive scores and physiological sleep 
parameters by Day 30. Ultimately, these insights strongly 
advocate for a paradigm shift toward an integrated, multimodal 
approach in perioperative neurological care, systematically 
combining objective sleep architecture monitoring with targeted 
pharmacological neuroprotection to optimize long-term clinical 
and functional outcomes in cardiac surgery patients.
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Цереброваскулярные события и нейрокогнитивные 
нарушения с изменениями полисомнографических 
показателей после кардиохирургических операций

Э. Цитлидзе, И. Рухадзе, И. Верулашвили, Дерри 
Миньяо Нг

Центральная университетская клиника им. академика Н. 
Кипшидзе, Тбилиси, Грузия.

Резюме.
Введение: Кардиохирургические вмешательства в 

условиях искусственного кровообращения (ИК) сопряжены 
с высоким риском развития постперифузионных 
неврологических осложнений и нарушений архитектуры 
сна. Однако взаимосвязь между объективными параметрами 
сна и траекторией нейрокогнитивного восстановления 
остается недостаточно изученной.

Цель исследования: Оценить взаимосвязь между 
послеоперационными цереброваскулярными/
когнитивными нарушениями и динамикой показателей 
полисомнографии (ПСГ) у пациентов после 
кардиохирургических операций, а также определить 
эффективность периоперационной нейропротекции 
цитиколином.

Материал и методы: В проспективное контролируемое 
исследование были включены 104 пациента, перенесших 
плановые операции в условиях ИК (коронарное 

шунтирование или протезирование клапанов). Пациенты 
были разделены на две равные группы: Группа I (n=52, 
основная) получала цитиколин по ступенчатой схеме 
(2000 мг/сут внутривенно в течение 10 дней, затем 1000 
мг/сут внутримышечно в течение 20 дней); Группа II 
(n=52, контрольная) получала стандартную терапию. 
Нейропсихологический статус оценивали с помощью шкал 
MMSE и MoCA. ПСГ-мониторинг выполнялся исходно, на 
10-е и 30-е сутки после операции.

Результаты: Дооперационный скрининг выявил 
гемодинамически значимый стеноз или окклюзию 
внутренней сонной артерии у 30 пациентов (28.8%). 
В раннем послеоперационном периоде (на 3-и сутки) 
острые неврологические нарушения разной степени 
выраженности были зафиксированы у 37 пациентов 
(35.6%). К 10-м суткам у 35 пациентов сформировался 
стойкий послеоперационный когнитивный дефицит 
(ПОКД), сопровождавшийся тяжелой дезорганизацией сна 
(повышение индекса микропробуждений до 38.7 ± 8.4 в час, 
удлинение латентности REM-сна).

В ходе продольного наблюдения была доказана высокая 
терапевтическая эффективность цитиколина: в подгруппе 
I (пациенты с ПОКД, получавшие цитиколин, n=13) к 
30-м суткам отмечалось значительное восстановление 
когнитивных функций (балл по MoCA достиг 26.4 ±1.2, p 
= 0.0016) и нормализация структуры сна (эффективность 
сна 82.6 ± 6.7). В подгруппе II (контроль, n=22) сохранялся 
выраженный нейрокогнитивный дефицит (балл MoCA 23.1 
±1.8) и персистирующая фрагментация сна (p < 0.01).

Заключение: Посткардиотомные когнитивные 
нарушения тесно сопряжены с деструкцией фаз сна. 
Периоперационное применение цитиколина эффективно 
минимизирует выраженность когнитивного дефицита 
и ускоряет стабилизацию циклов сон-бодрствование. 
Параметры полисомнографии (индекс микропробуждений 
и латентность REM-фазы) могут служить надежными 
объективными биомаркерами для прогнозирования 
неврологического исхода.

Ключевые слова: Кардиохирургия, нейрокогнитивные 
нарушения, полисомнография, цитиколин, искусственное 
кровообращение.
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