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ABSTRACT

The review presents an analysis of the scientific literature on comorbidity of coronary artery disease (CAD) and
assessment of its impact on the results of coronary artery bypass grafting (CABQG). Arterial hypertension (AH),
chronic obstructive pulmonary disease (COPD), metabolic syndrome (MS), and diabetes mellitus (DM) have
been shown to be the most common comorbidities in CAD patients. Clinical manifestations of cardiovascular
comorbidities also include atrial fibrillation, acute cerebral ischemia, atherosclerosis of carotid and lower limb
arteries, and chronic heart failure.

Concomitant COPD doubles the risk of postoperative complications after CABG and reduces the 10-year survival
rate in patients to 30%. In CAD patients with MS, the risk of postoperative mortality increases by 1.4 times, and
the S-year survival rate decreases by 3 times. Diabetes significantly worsens the long-term survival of patients
after CABG and is an independent predictor of acute cardiovascular events after revascularization in the long term.
The presence of various comorbidities in CAD patients requires a personalized approach to managing the risks of
adverse outcomes after CABG and introduction of modern artificial intelligence (AI) technologies into clinical
practice, which significantly increase the accuracy of prognosis.
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PE3IOME

[IpencrasieH aHaIN3 HAYYHOM JIUTEPATYPHI 110 ITPodIeMe KOMOPOUIHOCTH HIleMudeckoi 6oseznu cepana (UBC)
U OIICHKE e¢ BIMSHHUS Ha Pe3yNbTaThl aopTokopoHapHoro myHTupoBaHusa (AKI). [Tokazano, uro Hanbonee va-
CTBIMH BapuaHTaMH KOMOpOHIHOI maTtonorun y 6onpHbIX UBC sBistoTest aprepuansHas runeptensus (Al), xpo-
HU4YecKast o0cTpykTuBHas Oone3Hb jerkux (XOBJI), merabomnueckuit cunapom (MC) u caxapusiii nuaber (CH).
CepredHo-cocyanucTas KoMopOuaHocTs moMuMo Al mposiBiseTcst Taxke GUOPHIUIALMEH Mpeacepaui, ocTpoi
HepeOpanbHOM HIIeMHueit, aTepOCKICPO30M COHHBIX apTePHid B apTepHii HIKHUX KOHEUHOCTEH, XPOHUUECKOH cep-
JIEYHOU HEJOCTaTOYHOCTBIO.

PecmiuparopHast koMopOHIHOCTB, TpeacTaBiaeHHas XOBJI, yBennuuBaeT puck mocieonepaioHHbIX OCI0KHEHHH
AKIII B 2 pa3a, a 10-neTHsA BBDKMBAEMOCTb 3THX 00JbHBIX cHIKaeTcst 10 30%. Y 6onpHbx UBC ¢ MC puck no-
CIIEOTIEPALlIOHHOM JIETaNbHOCTH yBenu4uuBaeTcs B 1,4 pasa, a S-1eTHsS BBDKUBAEeMOCTh CHIDKaeTcs B 3 paza. CL{
CYIIECTBEHHO YXYJIIAaeT AOJITOCPOUHYIO BblKHBaeMOCTh 00nbHBIX nocne AKII u sBnseTcss He3aBUCHMBIM TIpe-
JHUKTOPOM OCTpBIX CEPJIEYHO-COCYUCTBIX COOBITHH B OTAAJICHHBIH MEPUOA MOCIe peBacKyispu3anuu. Hamnune
Pa3NINYHBIX BApHAHTOB KoMOpOuaHOCTH y 6onbHbIX IBC Tpedyer nepcoHnduunpoBaHHOro noaxona K ynpasie-
HMIO pUCKaMH HeOnaronpusaTHbIX ucxonoB AKII n BHeApeHUS B KIIMHUYECKYIO IIPAKTHKY COBPEMEHHBIX TEXHOJIO-
T'Uil HCKYCCTBEHHOTO HHTEJIEKTA, TOBBIIIAIOINX TOYHOCTh MPOTHO3UPOBAHHS.

KiioueBble cjioBa: KOMOPOHHOCTB, HIIEMUUYeCKas 00JIE3Hb Cep/lia, A0PTOKOPOHAPHOE IIYHTHPOBAHKE, TPOTHO-
3UPOBAHKE

KOHq).]Il/lKT HHTEPECOB. ABTOpBI JACKIIApUPYIOT OTCYTCTBUE SIBHBIX U INOTCHIHUAJIBHBIX KOHq)III/IKTOB HUHTEPECOB,
CBA3aHHBIX C l'[y6J'II/IKaIII/IeI71 HaCTOS{H.[efI CTaTbHU.
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TupoBanus. broinemens cubupckou meouyunst. 2022;21(1):152—161. https://doi.org/10.20538/1682-0363-2022-1-
152-161.

INTRODUCTION

Currently, comorbidity is understood as coex-
istence of two or more diseases, regardless of their
intensity, which are pathogenetically interconnected
or coincide in time for one patient [1]. Comorbidity
has been proven to be associated with adverse disease
outcomes, an increased risk of adverse effects of drug
therapy, and a significant increase in treatment costs.

One of the main reasons for the growth of concomitant
conditions is increased life expectancy in developed
countries. Thus, more than 50% of people aged over
60 years have at least three concomitant diseases, and
the proportion of patients from older age groups with
five or more comorbid pathologies is constantly in-
creasing [2]. Comorbidity of coronary artery disease
(CAD) with other pathologies significantly aggravates
its clinical course and reduces the effectiveness of
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therapy and survival prognosis after myocardial re-
vascularization. Therefore, the problem of comorbid-
ity in such groups of patients is of special interest [3].

Today, coronary artery bypass grafting (CABG) is
one of the most common types of surgical treatment
for CAD, which restores coronary blood flow and in-
creases the quality and expectancy of patients’ life.
Evaluation of its long-term results is the subject of
numerous studies. Thus, the accumulated clinical ex-
perience indicates that CABG does not fully prevent
progressive or recurrent myocardial ischemia (MI). It
has been proven, in particular, that within 2—3 years
after CABG, recurrent angina pectoris develops in
3.5-7.2% of patients, and by the fifth year, their num-
ber increases up to 17-36% [4].

The frequency and timing of angina pectoris recur-
rence are determined by the clinical features of CAD
before myocardial revascularization, surgical risk fac-
tors, the presence or absence of postinfarction cardio-
sclerosis, the prevalence and localization of coronary
artery (CA) stenosis, and the presence and intensity of
concomitant pathology [5-9]. In the multicenter study
conducted by the US Society of Thoracic Surgeons,
factors that most commonly appear as the main caus-
es of rehospitalization for patients after CABG were
identified. These included: chronic obstructive pulmo-
nary disease (COPD) (odds ratio (OR) 1.81), cerebro-
vascular disease (OR 1.56), diabetes mellitus (DM)
(OR 1.44), and chronic heart failure (CHF) (OR 2.21).

It was shown that one year after CABG, in patients
of older age groups with comorbidities, behavioral
risk factors affecting their quality of life and disease
outcome were more likely to persist (smoking, irreg-
ular intake of medications, non-compliance with diet,
sedentary lifestyle, etc.) [10,11]. According to the re-
sults of the national study in Iceland, it was found that
S5-year survival for patients after CABG was 89.9%,
and the most significant predictors of mortality were
concomitant conditions, such as COPD, chronic renal
failure, and diabetes [12]. Another study found that
significant predictors of long-term mortality (7 years
after CABGQG) are cerebrovascular diseases, significant
peripheral arterial disease, COPD, CHF, and ventricu-
lar arrhythmias [13].

According to the data from the Russian Cardiac
Surgery Center registry, 10-year survival rate for pa-
tients after CABG was 76.4%, and comorbidities, such
as DM, COPD, and ischemic stroke (IS) were among
the factors that significantly influenced survival [14].
A number of studies have shown that negative CABG
prognosis is also associated with the presence of left

ventricular (LV) aneurysms, low ejection fraction
(EF), small CA diameter, and the use of vein grafts [4,
8, 12, 14]. The quantity and intensity of concomitant
pathology for CAD patients is associated with certain
gender differences: women are more likely to have
hypertension, diabetes, thyroid pathology, bronchi-
al asthma (BA), and varicose veins, while men more
commonly have hypertension, lower extremity artery
stenosis, COPD, and urolithiasis.

It was noted that the presence of comorbidities in
CAD patients planning to undergo CABG is general-
ly a rule, not an exception, which requires an optimal
strategy for personalized therapy for comorbidities in
preoperative period, as well as adherence to recom-
mendations on their examination and treatment in the
postoperative period. In addition, understanding the
clinical and pathophysiological features of various
types of comorbidities, as well as common biologi-
cal patterns of non-random co-occurrence of diseases
(syntropic diseases) should provide higher efficiency
of risk management for adverse outcomes upon sur-
gical myocardial revascularization. In such cases, in-
terdisciplinary interaction of specialists, including the
information technology field, is particularly relevant,
making it possible to evaluate a wider range of pre-
dictors characterizing the postoperative period and
long-term consequences of CABG prognosis. How-
ever, the problem of CAD comorbidity with account
of its typological features, including cardiovascular,
respiratory, metabolic, and other clinical variants of
the disease, has not been fully resolved and requires
further study.

COMORBIDITIES OF CAD WITH OTHER
CARDIOVASCULAR DISEASES

As a rule, pathologies of the coronary, cerebral,
and peripheral arteries develop simultaneously due
the same pathophysiological mechanisms of athero-
sclerotic lesion formation in the vascular pool. For
example, a combination of carotid artery athero-
sclerosis and CA occlusion occurs in 74.7-92.4% of
patients. The most common clinical variant of asso-
ciated vascular comorbidity in CAD is arterial hyper-
tension (AH), which, according to various sources,
can be seen in 64-81.2% of CAD patients [15-17].
In younger groups of patients (up to 50 years of age),
this combination is found in around 45% of cases,
while in patients over 70 years, it is observed in 85%
of cases. The combination of these pathologies leads
to an increase in LV stiffness due to its hypertrophy,
which worsens the clinical prospects in patients af-
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ter myocardial revascularization [18]. According to
3-year follow-up, in the absence of AH treatment, the
frequency of LV hypertrophy (LVH) in patients with
CAD increased from 57 up to 77%, and the number of
cases with diastolic and systolic dysfunction of both
ventricles increased drastically [19].

In other studies, LVH was registered in 11.8-59%
of patients with CAD. The clinical significance of
LVH lies primarily in the fact that it is an independent
and strong predictor of cardiovascular mortality: its
presence doubles the risk of death for CAD patients
[18]. In CAD with comorbid AH, increased LV myo-
cardial mass has greater prognostic value in terms
of mortality than a degree of blood pressure (BP)
increase and other risk factors, except age, with the
worst prognosis occurring for patients with concentric
LVH [19]. That happens due reduction of the number
of resistance microvessels per unit of myocardial tis-
sue during LVH, which in turn accelerates coronary
remodeling, reduces its vasodilation potential, and
increases intracardiac vascular resistance. In addition,
these changes contribute to the development of peri-
vascular fibrosis, which also limits the coronary flow
reserve and increases myocardial oxygen demand.

A combination of AH, LVH, and CAD significant-
ly increases CA stiffness and worsens the prognosis
in both diseases [20]. At the same time, it was shown
that for CAD patients with LVH, a combination of
CABG and surgical LV reconstruction to reduce its
volume did not lead to a decrease in the severity of
cardiac symptoms, exercise tolerance, hospitalization
rates, and mortality [21]. In patients with CAD asso-
ciated with AH, 3-5 years after CABG, relapses of
angina pectoris, coronary atherosclerosis progression,
and vein graft stenosis were noted significantly more
often than in patients with effective control. These
changes were closely related with the degree and time
index of the average daily systolic and diastolic blood
pressure, as well as with the insufficient degree of its
nighttime drop.

A frequent combination of CAD, AH, and carotid
artery atherosclerosis determines a high risk of IS in
such patients. Thus, CAD was diagnosed in 74% of
patients with IS [22]. In other studies, the combination
of CAD and IS was recorded in 30—-60% of cases [23].
According to various authors, hemodynamically sig-
nificant carotid artery stenosis was found in 2.8—17%
of CABG patients. It was also shown that around 28—
40% of patients after carotid endarterectomy are diag-
nosed with concomitant CA lesion [24]. For patients
with a history of transient ischemic attack or IS, the

risk of recurrent acute ischemic stroke in the periop-
erative period increases up to 8.5%. At the same time,
the risk of death for patients after simultanecous CABG
and endarterectomy is around 10—12% [23, 24].

In the postoperative period, paroxysmal atrial
fibrillation (PAF) develops in 30-50% of patients
who underwent CABG with cardiopulmonary by-
pass (CPB) and less frequently — in off-pump CABG,
which increases the risk of embolic complications by
4 times and the risk of sudden cardiac death by 3 times
[ 25]. Higher incidence of atrial fibrillation (AF) is as-
sociated with older age, male sex, prolonged mechani-
cal ventilation, multifocal atherosclerosis, COPD, left
atrial enlargement, valvular lesions, episodes of AF
before surgery, diabetes, and obesity.

Pathogenetic features of postoperative AF are de-
termined by the presence of new triggers associated
with cardiac surgery and CPB: impaired blood ionic
composition, atrial edema, compliment activation and
expression of proinflammatory cytokines, increased
sympathetic activity, oxidative stress, and pericardial
effusion. It was also established that the presence of
even a single episode of PAF in the postoperative peri-
od acts as an independent risk factor for development
of a persistent form of the disease (risk ratio (RR)
4.99). Long-term comorbidity of CAD and AF in the
preoperative period exacerbates ischemic myocardial
damage and aggravates patient’s hemodynamic status.
AF episodes before CABG dramatically increase the
risk of sudden cardiac death in the postoperative peri-
od (9 vs. 2%), ischemic cerebrovascular events (7 vs.
2%), and development of end-stage CHF (18 vs. 7%)
[26]. To prevent such complications, various options
for simultaneous surgical treatment of paroxysmal
and persistent AF during CABG have been developed,
which contributes to restoration and stabilization of
sinus rhythm in a significant number of patients and
improves the structural, functional, and electrophysio-
logical characteristics of the myocardium [27].

Chronic critical lower extremity ischemia com-
bined with CAD is observed in 37-78% of patients
[28]. Combined atherosclerotic damage to the lower
extremity arteries and branches of the aortic arch and
abdominal aorta occurs in almost half of CAD patients
[24]. For such patients, the risk of IS and MI in the
early postoperative period after CABG reaches 12%
(against 3.8% in the general population) [22, 23]. De-
pending on the number of damaged arteries, the risk of
postoperative vascular events increases by 1.64-10.5
times compared with isolated coronary artery disease.
Independent predictors of overall and cardiovascu-
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lar mortality after CABG were determined for pa-
tients with multifocal atherosclerosis, which include
the presence of clinical manifestations of lower limb
ischemia (OR 3.6) and a decrease in the ankle-bra-
chial index without clinical manifestations (OR 2.4).
The 3-year cardiovascular mortality after CABG in
patients with multifocal atherosclerosis is 18.5% vs.
11.2% in the general population of CAD patients [29].

In the European epidemiological study of patients
with CAD, functional class (FC) III-IV CHF was de-
tected in 5 and 0.6% of CAD patients, respectively
[30]. It was proven that chronic impairment of coro-
nary circulation leads to structural changes in cardio-
myocytes and a decrease in myocardial contractility
due to ischemic cardiomyopathy formation. On the
other hand, limitation of L'V contractility contributes
to development of arterial hypoxemia, increases myo-
cardial oxygen demand, and aggravates the clinical
course of CAD. It was established that in CAD pa-
tients with CHF, surgical myocardial revasculariza-
tion is more preferable than percutaneous coronary
intervention. According to meta-analysis data, pa-
tients with left ventricular ejection fraction (LVEF) <
35% after CABG show operative mortality of around
50% and 5-year survival of up to 73% [13, 24]. In
patients with normal ejection fraction (EF), the same
parameters are 2 and 83.8%, respectively. Therefore,
AH with LVH, CHF, AF, atherosclerotic stenoses of
carotid and peripheral arteries, and episodes of acute
ischemic stroke should be attributed to the most fre-
quent and dangerous manifestations of cardiovascu-
lar comorbidity in CAD patients. The effectiveness of
CABG in such cases depends on the effectiveness of
risk stratification in the preoperative period, as well as
on personalized programs for preparation for surgery
and postoperative rehabilitation for such patients.

COMORBIDITY OF CAD WITH CHRONIC
OBSTRUCTIVE PULMONARY DISEASE

According to numerous studies, COPD prevalence
in the Russian Federation is around 15.3% in the gen-
eral population and 21.8% among people with respi-
ratory symptoms. At the same time, mortality from
COPD ranks 4th around the world. COPD is classi-
fied as a multisystem disease, the most important ex-
trapulmonary manifestation of which is damage to the
cardiovascular system. Large epidemiological studies
demonstrate that the leading cause of mortality for
COPD patients is cardiovascular pathology, which is
recorded in at least 50% of these patients [31]. It has
been shown that every 10% decrease in forced expira-

tory volume in 1 second (FEV1) increases the risk of
cardiovascular mortality by 28% and non-fatal coro-
nary events by 20% [32].

The key mechanisms of cardiovascular comorbidi-
ty in COPD are chronic systemic inflammation, arteri-
al hypoxemia and tissue hypoxia, oxidative stress and
degradation of the extracellular matrix, which acceler-
ate atherogenesis and are involved in the pathogenesis
of intracardiac, central, and pulmonary hemodynamic
disorders and myocardial contractile dysfunction. A
number of authors point to certain difficulties in di-
agnosing CAD in COPD patients due the fact that in
the clinical presentation of the concomitant pathology,
signs of dyspnea due to respiratory failure prevail in-
stead of the coronary syndrome [33, 34].

One of the factors contributing to the atypical
course of CAD in patients with COPD is chronic ar-
terial hypoxemia, which increases the pain threshold.
This explains, in particular, that painless forms of
myocardial ischemia are more common for patients
with COPD, they are recorded in 66.7-84.4% of cas-
es. According to results of various studies, atypical
localization of chest pain is recorded much more often
in patients with comorbidity, than in individuals with
isolated CAD [35, 36].

In patients with CAD against the background of
COPD, a more severe course of angina pectoris and
CHF is also observed. In addition, in CAD patients
with comorbidity, the severity of bronchial obstruc-
tion is significantly higher than in patients with isolat-
ed COPD. The main mechanisms of mutual aggrava-
tion of these diseases include augmented pulmonary
shunt both due to ventilation — perfusion mismatch
characteristic of COPD and alveolar shunt against the
background of left ventricular failure and diffusion
disorders associated with ischemic cardiomyopathy. It
should be noted that progression of CAD and COPD
during their comorbidity is characterized by common-
ality of some links in their pathogenesis. In particu-
lar, formation of secondary pulmonary hypertension
increases the load on the right heart and left atrium,
limiting the coronary flow reserve, which increases
MI in both ventricles and contributes to progression
of coronary and pulmonary heart disease [37].

It is believed that a severe course of COPD reduc-
es traditional clinical and functional manifestations of
CAD [33]. In these situations, more careful monitor-
ing of physiological functions in the dynamics of the
disease is required. In addition, according to various
authors, the frequency of the established COPD diag-
nosis in patients with CAD referred for CABG ranges
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from 6.7 up to 14% [36]. However, spirometry for all
patients before CABG makes it possible to diagnose
obstructive disorders in more than a third of all cases.
Thus, in real clinical practice, the problem of cardiore-
spiratory comorbidity in patients with CAD is under-
estimated due COPD underdiagnosis. The SYNTAX
II scoring scale has been proven to be a useful tool
for optimizing the choice of surgical revascularization
and predicting 4-year survival outcomes among pa-
tients with complex CAD forms, which include asso-
ciated COPD. It was shown that risks of complications
during the hospital stay in patients with cardiorespira-
tory comorbidity double [35]. Other studies identified
an increase in the risk of mortality in patients with
COPD after CABG by 1.4-1.8 times compared with
the control group (27.2 vs.14.5%) [34]. According to
the results of the Spanish Registry, the 10-year surviv-
al rate for patients with CAD and concomitant COPD
after CABG is 30% [33].

A number of studies indicate a predictive role of
individual parameters of lung ventilation function in
assessing early and long-term CABG consequences
in patients with COPD. In particular, FEV1 has been
shown to be an informative predictor of 5-year sur-
vival in COPD patients who underwent CABG [33].
According to other data, FEV1 less than 60% of the
expected value is an unfavorable prognostic factor for
postoperative respiratory complications and long-term
results of revascularization [36].

The predictive value of forced vital capacity in as-
sessing the risk of developing hospital-acquired pneu-
monia, atelectasis, and postoperative wound infections
and increasing the duration of mechanical ventilation
after surgery and reintubation was also shown. One
of the factors aggravating respiratory failure and in-
creasing the risk of cardiovascular complications in
COPD patients in the postoperative period is respira-
tory muscle dysfunction, which timely diagnosis and
correction at the preoperative stage can reduce the
risk of postoperative complications. It has been shown
that prehabilitation of COPD patients with respirato-
ry simulators and modern methods of bronchodilator
therapy significantly improves postoperative period
prognosis and respiratory function recovery rate [33].

COMORBIDITY OF CAD WITH METABOLIC
SYNDROME

Metabolic syndrome (MS) is defined as a complex
of endocrine and metabolic disorders associated with
insulin resistance. A detailed study of its development
mechanisms is of great clinical importance, since this

syndrome is reversible and amenable to therapeutic
control. In the “classic” variant of MS, it is charac-
terized by abdominal obesity, dyslipidemia, impaired
carbohydrate metabolism, and hypertension, which
determines its high atherogenic potential. Thus, the
incidence of CAD in people with MS increases by
2.9—4.2 times and mortality rate — by 2.6-3 times. Af-
ter CABG, the presence of MS is recorded in 55.4%
of women and 41.3% of men [38]. In patients with
MS, the incidence of life-threatening cardiovascular
diseases increases by almost 4 times [39].

The importance of individual MS components and
their combinations in the development of coronary ar-
tery atherosclerosis, LVH, LV diastolic dysfunction,
AF, and other variants of cardiovascular comorbid-
ity has been proven [39, 40]. According to individ-
ual studies, a complete MS cluster is formed within
at least 10 years, and its multicomponent variants are
characterized by severe comorbidity [41, 42].

Development of acute cardiovascular events after
CABG in patients with MS is significantly more fre-
quent, and a number of authors indicate a significant
increase in mortality in such groups (2.4 vs. 0.9%)
[42]. According to the American Society of Thorac-
ic Surgeons, the presence of MS increases the risk of
postoperative mortality by 1.4 times [43]. In MS, the
risk of developing respiratory complications and post-
operative wound increases by 2.5 times, and thorough
correction of carbohydrate metabolism in the periop-
erative period reduces it by 2 times. Another study
confirmed a significant association of MS with wound
infections and pulmonary complications (OR 6.64),
cardiac arrhythmias (OR 5.47), prolonged mechanical
ventilation (OR 5.47), and almost a 3-fold increase in
the risk of postoperative mortality after CABG, com-
pared with the control group (3.1 vs. 1.1%) [42, 43]. In
CAD patients with MS, CA lesions are usually more
diffuse and distal, which in some cases limits the use
of endovascular revascularization. This explains the
advantage of CABG with arterial bypasses compared
with percutaneous coronary intervention for such pa-
tients. In CAD patients with MS over 65 years, surgi-
cal myocardial revascularization increases the 10-year
survival rate by almost 50% [39].

Besides, it has been shown that with coronary ar-
tery occlusion in patients with MS, the degree of col-
lateral circulation development is lower, and the clin-
ical course of atherosclerosis is more aggressive with
an increased risk of developing various complications.
A high risk of adverse cardiac events, shunt obstruc-
tion or new coronary artery damage within 2—-5 years
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after CABG correlates with triglyceride and blood glu-
cose levels. It has been shown that in MS patients with
high triglyceride levels and elevated (>8.6%) levels of
glycosylated hemoglobin in the preoperative period,
mortality after CABG increases by 4 times [44]. In
case of CAD with concomitant MS in the long-term
period after revascularization, the incidence of CHF
increases by 46%. According to the Scottish registry,
after CABG, patients with a body mass index (BMI)
of 27.5-30 kg / m? had a decrease in the 5-year mor-
tality rate by 41% compared with patients whose BMI
was more than 30 kg / m? [12]. These data support the
hypothesis on atherogenic and inflammatory activity
of visceral adipose tissue in patients with MS. Thus,
according to the results of a five-year cohort study,
patients with MS after CABG, distributed according
to the presence or absence of obesity, significantly
differed in terms of early postoperative complications
(30.26 vs. 20.75%, OR 2.04) and five-year mortality
(11.84 vs. 3.74%, OR 4.65) [45].

COMORBIDITY OF CAD WITH DIABETES
MELLITUS

Based on the WHO data, the number of patients
with diabetes mellitus (DM) is steadily growing and
now accounts for about 2.1% of the population, while
DM contribution to the overall mortality by 2030 will
reach 3.3%. According to the DECODE study, DM
prevalence increases with age, regardless of gender,
and the lifetime risk of morbidity is 30-40%. DM
prevalence among CAD patients planning to undergo
surgical treatment is about 35% [46, 47].

DM is one of the leading pathogenetic factors for
development and progression of circulatory disorders,
and the risk of cardiovascular mortality in patients
with CAD and associated DM increases by 2 times in
males and by 4 times in females [48]. In particular, it
has been shown that mortality in patients with acute
coronary syndrome and DM is 2-3 times higher than
in patients with normal carbohydrate metabolism [49].
In case of CAD and DM comorbidity, coronary artery
atherosclerosis is more diffuse, with frequent involve-
ment of the epicardial ST segment and an increased
tendency to restenosis and shunt obstruction [44]. A
number of studies have noted an increase in mortality
during CABG in patients with DM (3 vs. 1%) [39, 42,
44]. Other studies have shown that immediate CABG
outcomes in patients with DM may not differ compared
with patients without DM [45]. Thus, according to a
retrospective analysis of 4,508 bimammary CABG sur-
geries, the presence of DM did not affect the overall

hospital mortality, but was associated with wound in-
fection and postoperative bleeding. In a similar study,
the presence of DM did not increase the risk of mor-
tality and cardiovascular and other hospital-acquired
complications, with the exception of renal dysfunction
[50, 51]. However, the clinical prospects of long-term
CABG results for patients with DM are not so optimis-
tic. Thus, patient’s 1-, 5-, 10-, and 20- year survival
after CABG with and without DM was 94 vs. 94%, 80
vs. 84%, 56 vs. 66%, and 20 vs. 32%, respectively [52].

DM significantly impairs long-term survival after
surgical revascularization, being an independent pre-
dictor of acute cardiovascular events [41,48]. More-
over, in patients with type 2 diabetes receiving insulin
therapy, IS, MI or sudden cardiac death were signifi-
cantly more likely to develop both during the short-
term (30 days) and medium-term follow-up (1 year) —
OR 1.66 and 1.50, respectively [53]. For patients with
type 1 diabetes, according to the SWEDEHEART
registry, the risk of mortality after CABG increased
by more than 2 times compared with the general pop-
ulation (OR 2.04) [54].

The 5-year mortality after CABG in patients with
DM was 6 times higher than in the control group (12.1
and 2.1%, respectively). In the structure of 5-year
mortality in patients with DM after CABG, acute heart
failure prevails, usually associated with MI [52]. The
long-term prognosis is also affected by the presence of
prediabetes detected in the preoperative stage. Thus,
after CABG, the risk of acute cardiovascular events
for such patients is significantly higher (OR 1.40),
which proves the importance of an active approach
to DM detection [50]. The results of 6-year survival
after off-pump CABG in patients with DM differ sig-
nificantly from the results after CABG with CPB and
reach 69.9 and 54.7%, respectively [54].

CONCLUSION

Thus, literature data indicate that the presence of
certain types of comorbidities in patients with CAD
is the most important prognostic factor characteriz-
ing the expectancy and quality of life after CABG.
The most frequent and unfavorable concomitant pa-
thologies include cardiovascular, respiratory, and
metabolic comorbidities, the clinical manifestations
of which have a significant impact on the effective-
ness of surgical myocardial revascularization. The
presence of concomitant pathology in CAD patients
requires personalized approaches to peri- and postop-
erative management, as well as development of au-
tomated programs for predicting complications and
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long-term consequences of surgical treatment, taking
into account individual risk factors. In addition, intro-
duction of modern artificial intelligence technologies
into clinical practice will significantly improve the
accuracy of CABG outcome prediction and optimize
treatment costs.
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