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The study aimed to develop a screening algorithm for assessing the personalized risk of hypoxic-ischemic brain injuries
in the preoperative period of cardiac surgery using artificial circulation. A comparative analysis of the frequency, prognostic value
and diagnostic value of 26 clinical and anamnestic factors was performed in two groups of patients formed by the method of paired-
comparison: 340 people with and 340 people without hypoxic-ischemic brain injuries. The most prognostically valuable factors
were identified: the presence of manifestations of encephalopathy in the preoperative period — in 62.4 %, arterial hypertension —
in 57.9 %, a history of closed traumatic brain injury —in 46.5 %, disorders of cerebral autoregulation —in 33.5 %, comorbid diabetes
mellitus — in 34.2 %, a decrease in the left ventricular ejection fraction less than 30.0 % — in 23.7 %, and others. Prognostically
unfavorable syndromes were identified and the screening tabular algorithm of risk personification of hypoxic-ischemic brain
injuries based on risk assessments was substantiated.

Key words: neurological monitoring, cardiac surgery, risk assessment, cerebrovascular disorders.

JI.C. MaHBbKOBCHKHI

HEPCOHI®IKALIA PUSUKY I'TIOKCUYHO-IIIEMIYHUX YPAYXKEHDb I'OJIOBHOI'O
MO3KY B CUCTEMI HEBPOJIOT'TYHOT'O CYITPOBOAY KAPAIOXIPYPI'TYHUX
MAOIEHTIB

ABTOpOM cTarTi OyJIO MOCTaBJICHO 3a METy PO3POOKY CKPHHIHTOBOTO JITOPHUTMY OLIHIOBAHHS IEPCOHi(iKOBaHOTO
PH3MKY TilIOKCHYHO-IIIEMIYHUX YpPaXe€Hb TOJOBHOTO MO3Ky B JOOINEpalifHOMY Mepioi KapAioXipypriyHux BTpydYaHb 3
BHKOPHCTaHHSM IITYYHOTrO KpoBooOGiry. BUKOHAHO MOPIBHSUIBHHUIN aHAaJi3 4YaCTOTH, IIPOTHOCTUYHOI LIIHHOCTI Ta JiarHOCTHYHOTO
3Ha4YeHHs 26 KIIHIKO-aHAMHECTHYHMX (aKTOPIB B IBOX IpyIax MAaI(i€HTiB, CHOPMOBaHUX 3a MeToJ0M Kori-rapa: 340 ocib 3 ta
340 ocib — 6e3 rimoKCHYHO-IIIEeMIYHUX ypa)KEeHHb T'OJIOBHOTO MO3KY. BCTaHOBIEHO HaiOiNbII MPOrHOCTUYHO LiHHI (akTopu:
HasIBHICTh y JOOIepamifHoMy mepiomi mposBiB eHumedanomnatii — y 62,4 %, aprepianbHoi rineprensii — y 57,9 %, 3akputoi
YeperHo-MO3KOBO1 TpaBMH B aHaMHe31 — y 46,5 %, nopyiieHHs 1epedpaibHoi ayroperyisiuii —y 33,5 %, komop OiaHuiA IyKpoBHit
nmiaber — y 34,2 %, 3umwxeHHs ¢pakuii BUKUAY JiBoro nuryHouka cepus mexuie 30,0 % — y 23,7 % Ta inmi. Buainexo
MPOTHOCTUYHO HECHPHATIMBI CHHIPOMH Ta, Ha OCHOBI PH3MKOMETPHYHHX OLIHOK, OOIPYHTOBAHO CKPHHIHIOBHil TaOIMYHMI
IrOPUTM IepcoHidikanii pU3HKY TiMOKCHYHO-IIIEMIYHUX YPaKeHb FOJIOBHOTO MO3KY.

KurouoBi ciioBa: HeBponoriuHMil CynpoBiz, Xipyprist cepiisi, OLiHKa PU3UKY, LepeOPOBACKYISIPHI OPYIICHHS.

The study is a fragment of research project “To study the clinical and pathogenetic mechanisms of cerebrovascular
disorders formation in patients after cardiac surgery”, state registration No. 0116U000009.

Modern technologies of cardiac surgery (CS) can significantly influence the structure of mortality,
disability, and quality of life in patients with critical ischemic disease, valvular heart disease,
cardiomyopathies [3, 4]. At the same time, neurological complications can significantly affect the course
of the postoperative period and turn off the technically high-quality CS performance [10]. In recent years,
the overall mortality after CS using artificial circulation (AC) is characterized by 20-25 % decrease, while
the frequency of hypoxic-ischemic brain injuries (HIBI) is almost unchanged and even in older age groups
increases [9, 11]. Cerebral stroke, postoperative encephalopathy and severe cognitive dysfunction, in some
cases, remain a delayed problem of CS [12], which highlights the need to develop a system of intraoperative
neurological monitoring. Recently, risk-solving approaches and risk-based personalization techniques have
been used to address this problem, such as atherosclerosis of the aorta, arterial hypertension [5-7, 14] and
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brachiocephalic arteries [8, 13], atrial fibrillation [10, 11, 14], concomitant diabetes mellitus [14, 15],
overweight and obesity [13], smoking and others [8, 15]. That is why cardiac surgery centers of expert
level focus on the implementation of preoperative personalized screening in the selection of the type and
tactics of CS and rehabilitation programs for patients [14].

The purpose of the study was to develop a screening algorithm for assessing the personalized risk
of hypoxic-ischemic brain injuries in the preoperative period of cardiac surgery using artificial circulation.

Materials and methods. The study was performed on the clinical basis of the SI “Heart Institute
of the Ministry of Health of Ukraine”, using primary materials on CS with AC for 2015-2020; there were
involved two groups of patients formed by the method of paired-comparison (according to the signs: age,
gender, type of CS): in the first (n1=340 people) — patients with HIBI after CS, in the second (n,=340
people) — without HIBI. The study used the results of routine neurological, instrumental and laboratory
examinations at the stages of CS with the completion of a special “Card of expert assessment of neurological
monitoring in a CS patient”. Postoperative assessment of neurological status, including diagnosis of
possible HIBIs, was performed according to clinical protocols. In the course of the study we performed an
analysis of clinicaland anamnestic factors (CAF) that are most often analyzed in specialized publications:
the level of peripheral blood hemoglobin (CAF;), the presence of history of closed traumatic brain injuries
(cTBI, CAF,), the value of the heart left ventricular ejection fraction EFLyv(CAF3), the presence of “silent”
changes in the brain according to computed tomography (CT) or magnetic resonance imaging (MRI, CAFy),
a history of artificial lung ventilation (CAFs), the presence of arterial hypertension (AH, CAFs), carotid
artery stenosis (CAF7), impaired cerebral autoregulation (CAFs), the presence of encephalopathy of any
genesis (CAFy), atheromatosis of the ascending aortic arch (CAFy), vertebro-basilar insufficiency (CAF),
smoking (CAFi»), chronic kidney disease (CAFi3), asymmetries of cerebral blood filling (CAF4),
overweight (CAFs), varicose veins (CAF¢), diabetes mellitus (CAF7), a history of cerebral stroke
(CAFg), atrial fibrillation (CAF9), somatotype abnormalities (CAF»), previously suffered CS (CAFz)),
infectious endocarditis (CAF,), preoperative level of cerebral oxygenation (CAF»3), chronic lung diseases
(CAF24), ahistory of cardiogenic shock (CAFs), mild and moderate manifestations of cognitive impairment
(CAF36). Known methods of medical statistics and clinical informatics are applied, in particular: variation
statistics (P+m is a factor frequency index and its mean error), probabilistic distribution of clinical and
instrumental laboratory data with subsequent assessment of the reliability of results' (p is the reliability of
differences between groups; according to the Student's t-test) comparison between groups [1, 2]. As the
basic criteria for assessing the diagnostic value and prognostic value of CAF, we used indicators: frequency,
strength of influence of the factor (n2, %), its overall information content (I; bit) and the corresponding
prognostic coefficients (PC, pat), calculated according to the standard technique using the software adapted
to “EXCEL” [1, 2].

Results of the study and their discussion. The comparative intergroup analysis revealed reliable
(p<0.001) CAFs, their ranking according to the indicator of general informativeness (table 1) and the 10
most informative of them are included in the prognostic algorithm.

Thus, it was found that the presence of SE is a significant (p<0.001) risk factor (first ranked place);
a significantly higher frequency of SE was recorded in Group n;, compared to patients in Group n
(62.4£2.6 % and 14.8+1.9 %, respectively). General information content of CAFois [=2.324 bits, while the
force of influence of the factor is n? = 24.0 %, and PC: in the presence of PC* = +6.2 pat, in the absence of
PC =-3.5 pat.

It was found that the presence of hypertension in the preoperative period is a significant (p<0.001)
risk factor for the HIBI formation; a significantly higher frequency of hypertension was recorded in Group
n;, compared to patients in Group nz (57.9+£2.7 % and 22.74+2.3 %, respectively). The informativeness of
this feature is I = 1.177 bits, while the force of influence of the factor —n?=13.0 %, and PC: in the presence
of AH — PC*=+4.1 pat, in the absence of PC =-2.6 pat.

A history of cTBI was recorded significantly (p<0.001) and three times more often in Group n;
than in Group n, (46.5+2.7 % and 14.1£1.9 %, respectively); information content of the CAF, -1 =1.169
bits, while the force of influence is n’= 12.0 %, and PC: if there is a cTBI — PC*=+5.5 pat, if not — PC =-
2.0 pat.

In the preoperative period, the presence of non-severe cognitive impairment was reliably diagnosed
(p<0.001) and twice as often in Group n; than in Group nz (63.1£2.6 % and 29.1+2.5 %, respectively);
overall information content of CAFa — I = 1.054 bits, while the force of influence of the factor is 1> =
12.0 %, and PC: if there is a factor — PC* = +3.3 pat, in the absence of-PC = 2.8 pat.

The presence of impaired cerebral autoregulation (CAFs) in the preoperative period is also a
significant (p<0.001) factor; thus, a significantly higher frequency of its disorders was registered in Group ni,
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compared to patients in Group nz (33.8+£2.6 % and 10.9+1.7 %, respectively). The total information content
of the feature is I = 0.713 bits, while the force of the factor influence is N?>= 7.0 %, and PC: in the presence
of impaired cerebral autoregulation — PC* = + 4.9 pat, in the absence of violations — PC = -1.3 pat.

Table 1
Frequency, diagnostic and prognostic CAF value in the formation
of HIBI risk in the postoperative period of CS with AC
. o . Cardiac surgery patients
CAF in the orderdofh d@rea;mg informativeness 11=340 people =340 people PC, pat 1. bit
and their gradation abs. | (Pxm)% abs. | (Pxm)%

es 212 62.4+2.6 50 14.8+1.9 +6.2 1.481
CAFy | Encephalopathy }IIIO 128 | 37.6826 287 | 85.2+19 35 0.842
. . es 197 57.9+£2.7 77 22.7+£2.3 +4.1 0.713
CAFe | Arterial hypertension o 143 | 42.1227 263 | 773423 26 | 0464
. yes 158 | 46.5+2.7 48 14.1£1.9 +5.2 0.837
CAF> | History of cTBI 1o 182 | 535427 202 | 859+1.9 20 | 0332
. e . yes 215 63.1+2.6 99 20.1£2.5 +3.3 0.571

CAFas | Mild cognitive impairment 7= ° 125 | 369+26 241 | 70925 28 | 0483
CAFs Disorders qf cerebral yes 115 33.842.6 37 10.9+1.7 +4.9 0.565
autoregulation no 225 66.2+2.6 303 89.1+1.7 -1.3 0.148

. . yes 113 34.2+2.6 39 11.5+1.7 +4.8 0.541
CAF17 Type II diabetes mellitus o 17 658226 301 885217 13 0.147
, - <30 83 | 23.7+23 3] 9.1£1.6 +4.1 0.303

CAF; fLrZ?UVO Z“g;‘;‘ﬁf;:ﬁf‘;’)“ 3040 | 111 | 31.7%25 74 218+22 | +16 | 0081
’ >40 156 44.6%2.7 235 69.1£2.5 -1.9 0.234

CAF, “Sileqt” cerebral changes: yes 114 33.5£2.6 41 12.1£1.8 +4.4 0.477
neuroimaging no 226 66.5+2.6 299 87.9+1.8 -1.2 0.131

. | Norm 161 | 47.4%2.7 236 69.42.5 1.6 0.183

CAF f;evrgheral blood hemoglobin ™= 5o, ™™ 0| 31.822.5 79 232423 +1.4 0.058
<-10 % 71 20.9+£2.2 25 7.4+1.4 +4.5 0.307

CAFis Cerebral strokg/infarction yes 57 16.8+£2.0 12 3.5+1.0 +6.7 0.448
in the anamnesis no 283 83.2+2.0 328 96.5%1.0 -0.6 0.042

The presence of diabetes mellitus (DM) in the anamnesis was registered significantly (p<0.001)
and three times more often in Group n; than in Group n2(34.2+2.6 % and 11.5+1.7 %, respectively); overall
information content of the CAF;7— I = 0.688 bits, while the force of the factor influence is n* = 7.0 %, and
PC: if there is a DM — PC* = +4.8 pat, in the absence of a PC — 1.3 pat. It was found that the rate of EFLy
(CAF;) in the preoperative period is a significant (p<0.001) risk factor; thus, a significantly higher
frequency of people with EFLy less than 30.0 % in Group ni, compared to patients in Group nz (23.7£2.3 %
and 9.1+1.6 % of people, respectively). In addition, similarly, among patients in Group n; there were
significantly more people with EFLy within 30.0 + 40.0 %. At the same time, among patients of Group na,
compared to Group ni, patients with EFLy prevailed (p<0.001) more than 40.0 % (69.1+2.5 % and
44.6£2.7 % of people, respectively). The total information content of this feature is I = 0.618 bits, while
the force of the factor influence is 1= 7.0 %, and PC: if there is a reduced EFLy less than 30.0 %, PC*=+
4.1 pat, if there is an EFLy more than 40.0 %, PC =—-1.9 pat.

During instrumental routine examination (CT, MRI), “silent” brain changes (CAF;) were
diagnosed in the preoperative period significantly (p<0.001) more often in Group n; than among patients
in Group nz (33.5£2.6 % and 12.1+1.8 % of people, respectively). General information content of the CAF,
is I =0.608 bits, whereas 1> = 6.0 %, and PC: if available PC*= +4.4 pat, in the absence PC = —1.2 pat.

At the same time, the anamnestic indication of a previous cerebral stroke was also informative:
significantly (p<0.001) more often among patients of Group n; than Group n2 (16.8+2.0 % and 3.5+1.0 %
of people, respectively). General information content of the CAFs was 1= 0.490 bits, while the force of
the factor influence is n*= 5.0 %, and PC: if there is a CAF;s PC*= +6.7 pat, in the absence,
PC'=-0.6 pat.

A pattern of increased risk depending on the level of peripheral blood hemoglobin in the
preoperative period was revealed. Thus, in the case of its compliance with the reference value (in Group n;
—in 47.4+2.7 %, in Group n, — among 69.4+2.5 % of people, p<0.001); we have a PC* = —1.6 pat, while
the risk of HIBI formation increases with a decrease in hemoglobin levels. The total information content
of this feature is I = 0.548 bits, the force of the factor influence is 1°=6.0 %.

118



ISSN 2079-8334. Ceim meoununu ma 6ionocii. 2021. Ne 3 (77)

Thus, the availability of reliable information on the prognostic value of CAF allowed us to justify
the sequence of the procedure for personalized risk assessment HIBI and create an appropriate tabular
algorithm (table 2), in which, in order of decreasing information content, the most prognostically valuable
features and corresponding PCs are entered.

Table 2
Algorithm of personification of HIBI risk when performing CS with AC
. . L. Predictive coefficients
I, bit Clinical and anamnestic risk markers —
criteria PC, pat
6.2
2.324 | CAFy: presence of encephalopathy yes x
no -3.5
. . yes +4.1
1.177 | CAFe: presence of arterial hypertension
no -2.6
. . . yes +5.2
1.169 CAF:: verified cTBI, in the anamnesis
no -2.0
1.054 | CAFa26: mild cognitive impairment yes 33
) o g P no -2.8
L . yes +4.9
0.713 | CAFs: violation of cerebral autoregulation o 13
0.688 | CAFy7: diabetes mellitus yes +2.8
no -1.3
<30 +4.1
0.618 | CAFs: left ventricular ejection fraction, % 30-40 +1.6
>40 -1.9
e . . yes +4.4
0.608 | CAF 4: “Silent” cerebral changes: neuroimaging o B
Norm -1.6
0.524 | CAFi: peripheral blood hemoglobin level -10 % +1.4
<-10 % +4.5
0.490 [ CAFis: history of stroke yes 67
’ e Y no -0.6

It should also be noted that the predictive amounts (PA) selection provides for preliminary
determination of errors of the first and second kind according to a special table, which guarantees the
appropriate level of accuracy when applying the algorithm.

The expectancy technology is quite simple and involves sequentially adding the corresponding
coefficients until one of the predictive amounts is reached (after assessing the presence/absence of CAF listed
in the algorithm). This allows you to perform a personalized risk assessment with simultaneous distribution
(correlation) of the surveyed individuals to one of the three risk groups (fig. 1).

Scale for assessing personalized expectancy results

PAmin <-11.0 -11.0 >PA< +17.0 PAmax>+17.0
low risk of HIBI uncertain risk high risk of HIBI

Fig.1. Visual-analog scale for evaluating the personalized prediction result of HIBI in the case of performing a CS with AC

We insist that combination of certain CAF and, accordingly, risk assessment should be performed
in a particular patient using the developed algorithm. This allows you to abandon some of the unwieldy
and costly examination methods, “reduce” the forecasting process and, at the same time, take into account
the most prognostically valuable CAFs.

Example of applying the algorithm. Patient N., 57 years old. At the stage of planning CS with AC,
during the expert analysis of the medical history and according to the results of clinical and anamnestic
examination, it was revealed that: patient has no manifestations of EP (PC = -3.5 pat), there is the presence
of hypertension (PC = +4.1 pat; the prognostic amount (PA) is PA = -3.5 + 4.1= +0.6 pat), cTBI in the
patient's anamnesis (PC = +5.2 pat; PA = 0.6+5.2=5.8 pat), mild cognitive impairment (PC = +3.3 pat: PA
= 5.843.3=9.1 pat) and impaired cerebral autoregulation (PC = +4.9 pat: PA = 9.144.9=14 pat), and the
presence of type II diabetes in the patient was taken into account (PC = +4.8 pat: PA = 14.0+4.8=18.8 pat).
The forecasting process is suspended, as a prognostically significant amount (PA>+17.0 pat) has been
reached, which allows to predict the manifestations of HIBI in the case of CS with the use of AC with a
probability of at least 97.0 %.
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The common risk factors for the formation of hypoxic-ischemic brain injuries in patients with
cardiac surgery performed using artificial circulation were identified among the most informative factors
in the postoperative period: the presence of encephalopathy manifestations in the preoperative period — in
62.4 %, arterial hypertension — in 57.9 %, a history closed traumatic brain injury — in 46.5 % of patients,
etc. The obtained data correspond to the previously published results, which were performed selectively on
different groups of patients [9, 12, 14], however, in our study these factors were analyzed systematically
and on one group of patients.

There are three main prognostically adverse syndromes: psychoneurological (encephalopathy,
hypertension, closed traumatic brain injury) — in 39.7 %; vascular dysfunction (impairment of cerebral
autoregulation, decrease in the ejection fraction of the left ventricle of the heart, history of stroke) —
in 16.5 %, cardiovascular disorders (atrial fibrillation, “silent” carotid artery stenosis, the presence of
atheromatosis of the ascending aortic zone) — in 12.6 % of patients. Expert-level cardiac surgery
centers usually use chemical, metabolic and geodynamic indicators to identify high risk in the
intraoperative period [3, 12, 15], while the obtained data allow to do it at the stage of planning cardiac
surgery due to a sound screening algorithm and, accordingly, to personify the tactics of treatment and
rehabilitation.

ooy, -

The use of the prognostic potential of clinical and anamnestic factors to assess the risk of hypoxic-
ischemic brain injuries in patients with cardiac surgery performed using artificial circulation, determines
the need for a detailed neurological examination at the planning stage of interventions. Neurological
monitoring of cardiac surgery patients should include clinical and anamnestic testing using a sound
algorithm or at least a syndromal analysis for the presence of psychoneurological, vascular dysfunction,
cardiovascular disorders.

Prospects for further research are to study the prognostic potential of CAF in assessing the personalized risk of certain
nosologically outlined manifestations of HIBI in the postoperative period of CS with AC: stroke, encephalopathy, severe cognitive
dysfunction.
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