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ABSTRACT

Aim. To identify risk factors leading to a cognitive decline 5-7 years after CABG, and to develop a model for
predicting the development of POCD in patients in the long-term period of CABG.

Materials and methods. The observational prospective study included 146 patients; average follow-up period was
6.4 years. The patients underwent general clinical, neurological, and instrumental examinations 3—5 days before and
5-7 years after surgery. Neuropsychological testing included assessment of psychomotor and executive functions,
attention, and short-term memory. The method of binary logistic regression was used to build a predictive model.

Results. Cognitive decline was detected in 67 patients (45.9%) at 57 years after CABG. The presence of carotid
artery (CA) stenosis (p = 0.01), smoking (p = 0.005), reduced left ventricular ejection fraction (p = 0.039), and
high triglyceride levels (p = 0.011) were associated with a cognitive decline. The model's sensitivity was 0.61 and
specificity was 0.82, indicating a good quality. Results indicate that the model can accurately predict the presence
or absence of cognitive decline with a high level of accuracy.

Conclusion. Five to seven years following CABG, 46% of patients experienced a decrease in cognitive functions,
manifested in the form of neurodynamic dysfunction, as well as deterioration of short-term memory. The factors
included in the prognostic model were CA stenosis, reduced left ventricular ejection fraction, and high triglyceride
levels, as well as smoking. The findings indicate the need to improve approaches to postoperative follow-up of
patients who have undergone cardiac surgery in order to minimize adverse neurological consequences.

Keywords: cognitive functions, CA stenosis, coronary artery bypass grafting, long-term postoperative period
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PE3IOME

Henw. BrisiBnenne $pakTopoB pucka CHIKEHHsT KOTHUTHBHBIX (yHKIHMi dyepe3 5—7 net mocie K1, a taxke pas-
paboTKa MPOrHOCTUYECKOH MOJIEITH, CIIOCOOHOM Ipe/icKa3aTh BeposTHOCTh pa3Butust [IOK]] y marueHToB B oTaa-
nernHoM nepuoze KIII.

Marepuajnbl 4 MeToABI. B HaGmr01aTETFHOE IPOCIICKTUBHOE UCCIICIOBAHNE BKITFOUCHBI 146 MAIlMEHTOB, CPEHUI
nepuo]] HaOJroIeHUs cocTaBmi 6,4 rona. [lanueHTsl mponuy oo0miee KITMHNYECKOe, HEBPOJIOTHIECKOE H HHCTPY-
MEHTaIbHBIC 00CIeI0BaHus 3a 3—5 HEH 70 1 yepe3 5—7 et nocie onepanu. Helponcuxonornaeckoe TeCTHpPO-
BaHHE BKJIFOYAJIO OIICHKY ICHXOMOTOPHBIX U UCTIOJIHUTEIBHBIX (DYHKI[HIA, BHUMAHUS U KPATKOBPEMCHHOMU MaMSITH.
JIyist MOCTpOCHHS IPOTHOCTUIECKOW MOJIEIH UCTIONB30BAJICS METO]] OMHAPHOM JIOTUCTUICCKOM PErPECCHH.

Pe3yabTaTsl. KornutusHOE CHIDKEHHE Yepe3 5—7 JIeT MocIie ONepaliy BEIABIEHO y 67 (45,9%) narueHToB. Ycra-
HOBJICHO, YTO HaJIM4Ue CTeHO30B COHHBIX aprepuii (CA) (p = 0,01), dakr kypenus (p = 0,005), HU3KHI ypOBEHBb
(paxuuu BeIOpoca seBoro xemynouka (p = 0,039) u Beicokuii ypoBeHb Tpuriuiepuaos (p = 0,011) Obutn acconn-
MPOBAHbI C Pa3BUTHEM KOTHUTHBHOTO CHIKEHHs depe3 5—7 net nocne nposenenus KIII. YpoBeHs 4yBCTBUTEb-
HoctH coctaBui 0,61; crmenuduanoctu — 0,82, obecrieurnBas yCIEIIHOE ONPEICIICHIE HANWYHS WIH OTCYTCTBHS
CHI)KEHHSI KOTHUTUBHBIX (DYHKIHI, 4YTO TOBOPHUT O XOPOLIEM Ka4eCTBE IPOrHOCTHYECKON MOJIEIH.

3akaodenne. Uepes 5-7 net nocne mposeaeHus oneparmu K1 y 46% nanueHToB HabmI0aeTCs CHIDKEHHE KOT-
HUTHBHBIX (yHKIIHMIT, IPOSBIAIONIEECS B BUE HEHPOAMHAMIYECKHX HApYILEHHH, a TaKXKe yXyAILEeH s KPaTKOBpe-
MeHHOH namsaTH. PakTopamu, BOLIEAIINMY B IIPOTHOCTUYECKYIO MOJIEIb, SBIIUCH CTeHO3bl CA, HU3KHUiT ypPOBEHb
(pakuun BEIOpOCa JIEBOTO JKETyJ0uKa M BBICOKUH YPOBEHb TPHUIJIMLEPHUIOB, a TAKKE KypPeHHE NMalUeHTOB. JTO
CBHCTENILCTBYET O HEOOXOJMMOCTH COBEPILICHCTBOBAHHUS MOAXOJOB K IOCIEONEPAlIOHHOMY HaOIIOACHHUIO 3a
NalUEHTaMH, TIEPEHECIIMMH KapAHOXHPYPTrHYECKHE ONEepaliy, ¢ 1IeJIbI0 MUHUMHM3AlUKH HeOIaronpHaTHBIX He-
BPOJIOTMYECKUX MOCIEACTBHUH.

KioueBble c10Ba: KOTHUTUBHBIE QYHKIMU, CTeHO3EI CA, KOpOHApHOE HIYHTHPOBAHUE, OTIAICHHBIH MTOCIeoIe-
PaIMOHHBIN TIEPHO.T

KOHq).]'IP[KT HUHTEPECOB. ABTOpI)I JACKIApUPYIOT OTCYTCTBUE ABHBIX U IMOTCHIIUAJIbBHBIX KOH(bJ'[I/IKTOB HUHTEPECOB, CBA-
3aHHBIX C r[y6m/11<au1/1ef?1 HACTOSIIICH CTAaThH.

Hcrounux punancuposanus. VccnenoBaHue BBIIOIHEHO B paMKax (hyHIaMEHTaIbHOTO HAyYHOTO HCCIIEIOBAHHUS
Ne 0419-2022-0002 «Pa3paboTka HHHOBAIIMOHHBIX MOJIENIEH YIIPaBICHUSI PHCKOM Pa3BUTHS OOJIE3HEH CHCTEMBI KpO-
BOOOpAILEHHS ¢ y4eTOM KOMOPOMIHOCTH Ha OCHOBE M3y4eHHs (yHIaMEHTaIbHBIX, KIMHUYECKUX, SIHIEMHOJIOrHYe-
CKHX MEXaHH3MOB U OPTaHU3alIMOHHBIX TEXHOJIOTHI MEIUIIMHCKON TOMOILH B YCJIOBHSX IPOMBIIUICHHOTO PErHOHa
Cubupmy.

CooTBeTCTBHE NPHMHIUNAM 3THKH. Bce manueHTs! noanucant MHGPOPMUPOBAHHOE COTJIacHE Ha ydacTHE B HC-
cnenoBanuu. MccnenoBanue yrBepskaeHo studeckum komuteroM GI'BHY HUM KIICC3 (mporoxon Ne 20 ot
25.01.2011).
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INTRODUCTION

Coronary artery bypass grafting (CABG) is
a cardiac surgical procedure with a high risk of
complications like postoperative cognitive dysfunction
(POCD) [1]. It can be either short-term or long-term
[2]. POCD is associated with an increase in medical
care costs, longer hospital stay, and an increase in one-
year mortality rate [3]. A significant part of patients
referred for myocardial revascularization have chronic
cerebral ischemia and are more vulnerable to cognitive
decline after surgery [4]. Chronic cerebral circulatory
insufficiency and impaired cardiac pumping function
are cited as the causes of cognitive impairment in the
cohort of patients who are considered as candidates
for elective CABG [5].

Identification of modifiable risk factors and
mechanisms contributing to the development of
POCD can help prevent this dangerous condition
and, as a result, improve the effectiveness of patient
treatment. There is a large number of studies on the
risk factors for cognitive decline in patients in the early
postoperative period of cardiac surgery [6-9]. It has
been shown that age, cardiopulmonary bypass (CPB)
time, and arterial hypertension can be significant
predictors of the development of POCD [10]. The role
of intraoperative hypoperfusion in the development of
POCD is particularly emphasized [7]. The brain and
kidneys are the organs most sensitive to changes in
blood pressure during CPB, however, optimal cerebral
perfusion pressure to maintain stable cerebral blood
flow is still a subject of discussion. [11].

The development and aggravation of postoperative
cognitive impairment in the long-term period largely
negates the success of cardiac surgery, leading to
disability, lower quality of life, and higher mortality
[12, 13]. The data obtained emphasize the importance
of timely identification of patients at high risk of
POCD both in the early and long-term period.

However, one should note that studies on the risk
factors for the development and aggravation of POCD
in the remote postoperative period of CABG are
scarce [14, 15]. It has been shown that the patient’s
age, smoking history, hypertension, diabetes mellitus,
heart failure, and preoperative cognitive impairment
are predictors of persistent POCD one year after CABG
[15]. However, it remains unclear whether these factors
will have the same significance in the long term, for
example, 57 years after surgery. Recurrent strokes
and progression of coronary stenosis, development of
atrial fibrillation, as well as the level of adherence to
treatment can also be considered as possible predictors

of the development of cognitive decline in the remote
postoperative period. In this regard, the aim of this
study was to identify risk factors for cognitive decline
5-7 years after CABG, as well as to develop a model
for predicting the likelihood of developing POCD in
patients in the long-term period of CABG.

MATERIALS AND METHODS

The selective observational prospective study was
performed to assess the neurological and cognitive
status of patients with coronary artery disease (CAD)
over a 5—7-year period after CABG, with an average
follow-up of 6.4 years. The study included 152 patients
with stable CAD who were admitted to an inpatient
unit to undergo a surgery. The study was conducted in
strict accordance with international standards of Good
Clinical Practice and the Declaration of Helsinki
(2008). The protocol of the study was approved by the
Institutional Review Board of the Research Institute
for Complex Issues of Cardiovascular Diseases
(Minutes No. 20 dated January 25, 2011). Prior to
inclusion in the study, all participants received all the
necessary information and provided their consent to
participate.

The inclusion criteria were as follows: age 45—69
years, male gender, normal or adjusted to normal vision
and hearing, elective primary CABG with CPB. The
exclusion criteria were: prior acute cerebrovascular
accident (CVA), traumatic brain injury, depression
(more than 8 points on the Beck's Depression
Inventory), dementia (less than 24 points according
to the Mini-Mental State Examination (MMSE),
carotid artery stenosis (CA) greater than 50%, severe
respiratory, renal and hepatic insufficiency, and
oncological diseases. The clinical and history data of
the patients are presented in Table 1.

Table 1

Preoperative Clinical Characteristics of Patients

. Patients
Characteristics n=1 52’
Age, years, Me [Q,; O] 57 [53; 61]
Arterial hypertension, n (%) 129 (85)
Carotid artery stenosis, n (%) 56 (37)
Duration of carotid artery stenosis, years, Me [0, Q] 412;8]
Coronary artery disease duration, years, Me [Q,;; O,]| 5[3; 8]
Myocardial infarction in history, n (%) 114 (75)
SYNTAX score, Me [Q,,; O,.] 23 [16; 28]
Number of affected arteries (coronary angiography), 2[2: 3]
Me[Q,; 0,]
Left ventricular ejection fraction, %, Me [Q,; O] 60 [51; 63]
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Comprehensive  examinations of  patients,
including clinical, neurological, and instrumental
diagnostics, were conducted both before surgery and
5-7 years after it MMSE and the Beck's Depression
Inventory were used as screening methods [16—
18]. Psychophysiological Complex software was
used for complex neuropsychological testing with
the determination of indicators of psychomotor
and executive functions, attention, and short-term
memory [19]. Changes in cognitive functions were
calculated using 13 parameters from a common set of
tests. Cognitive decline was determined by the “20—
20” criterion: postoperative indicators of cognitive
functions should be lower by 20% or more compared
to preoperative values in 20% of all the indicators
used in the study.

The patients were treated in accordance with the
general principles of therapy for patients with CAD,
chronic heart failure (CHF), and arterial hypertension.
The planned procedure was performed with CPB, with
normal body temperature and intravenous anesthesia
with propofol. The duration of CPB averaged
100.2 + 2 8.2 minutes, and the time of aortic cross
clamping was 62.8 + 16.86 minutes. The average
number of the grafts was 2.6 = 0.71. During the
surgical intervention, patients underwent invasive and
continuous hemodynamic monitoring and cerebral
oximetry (INVOS-3100, SOMANETICS, USA).
Outpatient follow-up at the place of residence was
conducted for all patients after discharge from the
hospital.

Statistical analysis was performed using IBM
SPSS Statistics 21 software. When describing the
analysis results, continuous variables were expressed
as median and interquartile range Me [Q,; O,] and
categorical variables were expressed in the form of
values and percentages of n (%), the Pearson’s and
Wilcoxon tests x2 were used to establish statistical
differences.

To build a predictive model, we used the binary
logistic regression method and regression coefficients.
The regression equation was as follows: y = a + b,
x X, +b,x X, +..b x X, where y — variable with
two values: 0 means no event; 1 stands for an event
occurred; a is constant; b, is regression coefficients;
X, stands for variables. The probability of cognitive
decline was determined according to a formula:
P=1/(1+e"y), where P is predicted probability, e
is exponent, the approximate value of which is 2.718.
A method based on the percent correctly reclassified
and the Somers'D measures were used to assess the
validity. The Hosmer—Lemeshow goodness-of-fit
test was used to verify the overall consistency of the
model with real data. The differences were considered
statistically significant at p < 0.05.

RESULTS

Analysis of the results of clinical examinations
revealed that 5—7 years after CABG, 8 patients (5.3%)
had myocardial infarction, and 7 (4.6%) had a stroke.
The majority of the study participants had CHF with
functional class (FC) no higher than II (Table 2).

Table 2
Clinical Characteristics of Patients, n (%)
L Patients, n = 152
Characteristics p
Before the procedure After 5 years

Class I-1I angina pectoris 86 (57) 30 (20) 0.0004
Class III angina pectoris 33 (22) 503) <0.0001
Class I-Il CHF 116 (77) 146 (96) 0.001
Class III CHF 36 (24) 6(4) 0.0007
Atrial fibrillation 503) 12 (8) 0.1
Type 2 diabetes mellitus 21 (14) 39 (26) 0.002
CA stenosis 56 (37) 86 (57) 0.0001

A total of 146 patients out of 152 participated in
a comprehensive neuropsychological testing using
the STATUS PF computer program 5-7 years after
CABG. Before the operation, three people dropped
out due to not scoring enough points on the MMSE
and Beck's Depression Inventory scales; three more
patients were unable to undergo comprehensive

neuropsychological testing due to cognitive im-
pairments after stroke and advanced dementia.
Cognitive decline, defined as a > 20% decrease
in postoperative cognitive indicators compared to
the baseline level in > 20% of tests from the entire
test battery, was detected 5-7 years after surgery
in 67 (45.9%) patients. Patients were most likely to
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exhibit deterioration in postoperative parameters
when performing neurodynamic (psychomotor speed
and executive functions) and short-term memory
tests. In the neurodynamic domain, 60.9% of patients
had an increasing number of missed signals. In tests
examining short-term memory (memorization of
numbers, syllables, words), deterioration occurred in
more than 20% of patients (Table 3).

Table 3

Prevalence of More than 20% Cognitive Decline in the Long-
term Postoperative Period, n (%)

Cognitive Parameters Patients,
domain n=146
Mean reaction time 24 (16.4)
Neurodynamics Errors 57 (39.0)
Missed signals 89 (60.9)
The Bourdon test, processed

Attention symbols: 12 (8.2)
—on the 1* minute 11 (7.5)

— on the 4" minute ’
10 numbers memory test 31 (21.2)
Memory 10 syllables memory test 30 (20.6)
10 words memory test 36 (24.7)

The next stage of the study aimed at identifying
the most significant risk factors for cognitive decline
5-7 years after CABG. For this purpose, we selected
patients with cognitive decline 5-7 years after surgery
(n = 67) and without cognitive decline (n = 79). The
following predictors that could potentially influence
the development of cognitive decline were included
in the analysis: stroke, old age, smoking, arterial
hypertension in history, heart failure with a left

ventricular ejection fraction (LVEF) of less than 50%,
CA stenosis, diabetes mellitus, impaired carbohydrate
tolerance, atrial fibrillation, compliance with a four-
component treatment regimen for CAD, achievement
oftarget blood pressure, indicators of lipid metabolism
and glucose in blood serum, and achievement of their
target values.

Possible predictors identified both before surgery
and during examination 57 years after CABG were
considered both in their original form and in the form
of binomial variables. Using the step-by-step inclusion
method, we build the regression model. As a result,
the following factors were the most significant in
terms of cognitive decline: stroke, CA stenosis present
5-7 years after CABG, preoperative LVEF, smoking
before surgery, cholesterol, HDL and triglyceride
levels detected during examination 5-7 years after
CABG (Table 4).

Analysis of the data presented in Table 4 allow us
to conclude that CVA, smoking, CA stenosis, reduced
LVEF, and high triglyceride and HDL cholesterol
levels detected during examination 5-7 years after
CABG increase the likelihood of cognitive decline in
patients in the long-term postoperative period.

The developed model correctly predicts the absence
of cognitive decline in 82.3% of cases and its presence
in 61.2% of cases (Table 5). With the cut-off threshold
equal to 0.5, we selected the most effective ratio of
sensitivity (0.61) and specificity (0.82), ensuring the
successful prediction of both the presence and absence
of cognitive decline and good quality of the model.

Table 4
The Main Results of Binary Logistic Regression Predicting the Development of Cognitive Decline
in Patients in the Long-term Period after Coronary Artery Bypass Grafting
Step 6 B coefficient RMSE Wald p Exp (B)
CVA 21.634 16644.068 0.000 0.999 2485603116.578
CA stenosis (5 years) 1.018 0.396 6.625 0.010 2.769
LVEF (before CABG) -0.925 0.448 4.273 0.039 0.396
Smoking (before CABG) 1.067 0.381 7.841 0.005 2.906
HDL cholesterol (5 years) 1.171 0.617 3.605 0.058 3.226
Triglycerides (5 years) 0.533 0.209 6.527 0.011 1.704
Constant -2.576 1.208 4.546 0.033 0.076
Table 5
Classification Matrix of the Predictive Model of Cognitive Decline in the Long-term Postoperative Period
Actual cognitive decline Predicted cognitive decline Percent correct classification, %
Absent Present
Absent 65 14 82.3
Present 26 41 61.2
Total percent of correct classification, % 72.6

Note. The cut—off threshold value is 0.5.
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DISCUSSION

The results of the study demonstrated that
cognitive decline 5—7 years after coronary bypass
grafting occurred in 46% of patients and in most cases
manifested in the form of neurodynamic dysfunction,
and disorders of verbal and symbolic short-term
memory.

As previously shown, the pathogenesis of
postoperative cognitive impairment is multifactorial
[20]. During cardiac surgery, a systemic inflammatory
reaction can lead to multiple organ failure, including
brain tissue injury. It has been established that some
CABG patients suffer blood — brain barrier disruption,
accompanied by an increase in systemic inflammation
detected in blood plasma, and the development of
subacute neuroinflammation [21]. The progression
of atherosclerosis is accompanied by changes in the
microcirculatory system, resulting in reduced vascular
elasticity [22]. In combination with decreased
myocardial contractility, patients may experience
a deterioration in blood supply to the brain during
surgery, which is reflected in the predictive model
developed in this study.

Other factors included in the predictive model
were smoking and elevated triglyceride levels
5-7 years after CABG, which may indicate low
patient adherence to prescribed treatment. There are
several known factors that contribute to low patient
adherence to prescribed treatment: lack of awareness,
tendency to self-medicate, non-compliance with
the medication regimen, and, most importantly, the
relationship between cognitive impairment and low
adherence [14, 23].

CA stenosis turned out to be a significant factor
determining the development of cognitive decline 5-7
years after CABG. The progression of carotid stenosis
increases the risk of developing cerebral circulatory
disorders, and is also an independent factor predicting
the likelihood of sudden cardiac death [24]. It has
been established that during CABG, the presence of
CA stenosis greater than 70% in a patient can lead
to ischemic stroke [25, 26]. Studies indicate that
patients suffering from cerebral atherosclerosis are
at increased risk of decreased blood supply to the
brain, atrophy of its tissues and cognitive decline [27].
There is a probability according to which patients
with asymptomatic CA stenosis may experience
decreased blood flow and microembolization of the
brain during surgery, which in turn causes impaired
adaptive mechanisms and deterioration of cognitive

functions [28]. Among the factors contributing to the
development of CA stenosis, surgical intervention
on the coronary arteries can cause an exacerbation of
the systemic inflammatory process and endothelial
dysfunction. These changes create favorable
conditions for the progression of the atherosclerotic
process [29].

CONCLUSION

The present study demonstrated that 5-7 years
after CABG, 46% of patients experience cognitive
decline which manifested in the form of neurodynamic
dysfunction and deterioration of verbal and symbolic
short-term memory. The factors included in the
predictive model are CA stenosis, reduced left
ventricular ejection fraction, high triglyceride levels,
and smoking in patients. The findings highlight the
need to improve approaches to postoperative follow-
up of patients who have undergone cardiac surgery in
order to minimize adverse neurological consequences.
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