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AHHOTAUNA

BgedeHue. KapamanbHble 0CNOXKHEHUA 3aHUMAIOT NepBoe MeCTO B CTPYKTYpe CMEPTHOCTM NaLMEHTOB MOC/E Pe3eKLMUM
aHeBpu3M bptowwHoi aopTel (ABA). B nocnefHue rofbl nosBRAeTcA Bce HOMbLUE JaHHbIX 0 BO3MOMHOCTW MPOBELEHUA
MHBa3MBHOW KopoHapoaHruorpaduu (KAT) B KauecTBe MeToda JOONEPALMOHHOMN OLEHKM COCTOSHMA KOPOHAPHBIX apTepui.

Llen. OueHnTb TakTMKY pyTMHHOM KA M npodunakTMyecKoW peBacKynApM3aLMM MUOKapAa B CPaBHEHUM
C HeMHBa3MBHBIMW (YHKLMOHANbHBIMKU NpobaMK y NaumueHToB 6e3 KAMHWMYECKUX MPOABNIEHUA WULIEMUYecKoW 6onesHu
cepaua (MBC) ¢ no3mumm rocnuTanbHbIX UCXOA0B pe3eKumnn ABA.

Mamepuanel u Memodel. PeTpocneKTuBHOe WccnedoBaHue; BKlodeHo 205 nauueHToB 6€3  KIAMHUYECKMX
M MHCTpyMeHTanbHblx npu3HakoB WBC, kotopeiM B 2001-2021 rr. Ha 6ase HaumoHanbHOro MeguUMHCKOrO
UCCe0BaTeNbCKOMO LEHTPa XUpyprum nMenmn A. B. BuiwHeBcKoro 6bina BeinonHeHa pesekuma ABA. MMauveHTam nepBom
rpynnbl (n = 55) nepen pe3sekumen ABA 6bina BbinonHeHa KAl M npu 06HapyMeHWUM 3HAUMMbIX CTEHO30B KOPOHAPHbIX
apTepun — peBacKynApu3aummu Muokapaa. fMaumentam BTopoi rpynnbl (n = 71) nepea onepaumeit 6biny BbINONHEHbI
TONbKO (YHKLIMOHaNbHbIE KapAnanbHble npobbl. MauueHTbl TpeTber rpynmbl by NpoonepupoBaHbl 6e3 [ONONHUTENBHON
OLiEHKM KapaManbHoro craryca.

Pesynomameor. Y 30,9% nauveHTOB nepBOM Fpynnbl BbIABMEHbI 3HAYMMble KOPOHapHble MOPAKEHUA, CPean HUX
B 29,5% cnyyaeB Habniopjanocb BOBMEYEHWE CTBOSA JIEBOM KOPOHapHOWM apTepuun. 370 NOTpeboBano BbIMNONHEHMA
10 YpeCKOMKHbIX KOPOHAPHbIX BMELLATENLCTB M 5 KOPOHAPHBIX LLYHTUPOBAHMIA, YTO B CyMMe cocTaBmio 27% oT uncna 6onbHbIX
370N rpynnbl. Cnyyaes pasBuTMA MHPaApKTa MMOKapAa B aHHOM rpymnmne 3aperucTpyMpoBaHo He 6bbiio. Bo BTopoii v TpeTben
rpynnax 3aperucTpyvpoBaHO Mo OHOMY Ciyyalo MHpapkTa Muokapga (p = 0,688). MocneonepaumoHHas neTanbHOCTb
3HauMMOo He pa3snuyanacb Bo Bcex Tpex rpynnax (1,8%; 4,2%; 2,5% cootBeTcTBEHHO; p = 0,704). K 3TOM, UTO MaKCUManbHO
MHBA3MBHaA [OMArHOCTMYECKAA TaKTWMKa YBENIMYMNA CpedHee BpeMA OXuAaaHua pesekumn ABA: 52,2 + 6,0 cytok
B rpynnax 6e3 BbinosHeHWA KAl U peBackynsapu3aumm Muokapaa npotus 99,2 + 13,0 cyTok B nepBow rpynne.

3aknioyeHue. B KoropTe naumeHToB 6€3 aHAMHECTUYECKUX U KNMHUYECKKX npoaBneHnin VBC TakTuKa pyTuHHon KA
C nocnepyloLLein NnpopunakTUYecKoit peBackynAapm3aLmei MMoKapaa He ynydlumna 6nuaniuve pesynbtatbl pesekummn ABA,
MpwY 3TOM YBENMUMIICA CPOK OXKMAAHWUA BMeLLaTeNbCcTBa Ha bpiowwHoii aopTe. [pegonepaumoHHan TakTUKa C MpoBeSeHNEM
(YHKLMOHaNbHbIX KapananbHbIX Npob TakKe He NOBNMANA Ha pe3ynbTaThbl IeYEHU .

KnioueBble cnoBa: aHespusma bpiowHOU aopmel; KapduasibHbIe PUCKU; KOPOHAPOAH2uo2pa@us; uwemuyeckas 6onesHe
cepduya; cmeHo3; KOPOHAPHAA aPMEpUs; UWEMUA MUOKapoa

[ina uuTnpoBaHua:

A6pocmmos A.B., YynuH A.B., Xapasos A.0., TpowuH E.M., Macanumos H.P. PyTuHHasA kopoHaporpadua 1 dyHKUMOHabHbIe KapAMonoruyeckye npobbl
nepe[ pe3eKLyelt aHeBpK3Mbl BPIOLLIHOM aopThl y NaLMeHToB 6e3 CUMMTOMOB MLLIEMUW MyoKapAa // Poccuitckinii MeanKo-61onornyecknini BECTHUK
nMeHu akagemuka W. M. NMaenosa. 2024. T. 32, N° 2. C. 243-252. DOI: https://doi.org/10.17816/PAVLOVJ595860

Pyronuck nonyyena: 26.09.2023 Pykonuck opobpeHa: 19.12.2023 Ony6nukoBaHa: 30.06.2024

3KO®BEKTOP Jnuenamna CC BY-NC-ND 4.0
© Konnextvie astopos, 2024


https://creativecommons.org/licenses/by-nc-nd/4.0/
https://crossmark.crossref.org/dialog/?doi=10.17816/PAVLOVJ595860&domain=PDF&date_stamp=2024-07-10

244

. P Pavlov Russiam
ORIGINAL STUDY ARTICLES Vol. 32 (2) 2024 Medical Biological Herald

DOI: https://doi.org/10.17816/PAVLOVJ595860

Routine Coronary Angiography and Functional Cardiac
Tests before Resection of Abdominal Aortic Aneurysm
in Patients without Symptoms of Myocardial Infarction

Aleksey V. Abrosimov' ™, Andrey V. Chupin' 2, Aleksandr F. Kharazov' 3,
Evgeniy M. Troshin', Nail’ R. Masalimov'

! Russian Medical Academy of Continuous Professional Education, Moscow, Russian Federation;
Z National Medical Research Center of Surgery named after A. Vishnevsky, Moscow, Russian Federation;
3 Moscow Clinical Research Center named after A. S. Loginov, Moscow, Russian Federation

ABSTRACT

INTRODUCTION: Cardiac complications are leaders in the structure of mortality of patients after resection of abdominal
aortic aneurysms (AAA). In recent years more data have been obtained on the possibility of performing invasive coronary
angiography (CAG) as a method of preoperative assessment of the condition of the coronary arteries.

AIM: To assess the tactics of routine CAG and preventive revascularization of the myocardium in comparison with
non-invasive functional tests in patients without clinical manifestations of coronary heart disease (CHD) from positions of
the hospital outcomes of AAA resections.

MATERIALS AND METHODS: A retrospective study included 205 patients without clinical and instrumental signs
of CHD who underwent AAA resection at National Medical Research Center of Surgery named after A. Vishnevsky in
2001-2021. Patients of the first group (n = 55) underwent CAG before AAA resection and, if significant stenosis of coronary
arteries was detected, revascularization of the myocardium was performed. In patients of the second group (n = 71),
only functional cardiac tests were conducted before the operation. Patients of the third group were operated on without
additional evaluation of cardiac status.

RESULTS: In 30.9% of patients of the first group, significant coronary lesions were detected, in 29.5% of them
with the involvement of the left main coronary artery. This required 10 percutaneous coronary interventions and 5 coronary
artery bypass surgeries, which made 27.0% of patients in this group. No cases of myocardial infarction were recorded
in this group. In the second and third groups, one case of myocardial infarction in each group was recorded (p = 0.688).
There was no significant difference in the postoperative mortality in all the groups (1.8%; 4.2%; 2.5%, respectively;
p = 0.704). To this end, maximally invasive diagnostic tactics increased the average waiting time for AAA resection:
52.2 + 6.0 days in groups without coronary angiography and myocardial revascularization versus 99.2 + 13.0 days
in the first group.

CONCLUSION: In a cohort of patients without anamnestic and clinical manifestations of coronary artery disease,
the tactics of routine coronary angiography followed by prophylactic myocardial revascularization did not improve
the short-term results of AAA resection, while the waiting period for intervention on the abdominal aorta increased.
Preoperative tactics with functional cardiac tests also did not affect the treatment results.

Keywords: abdominal aorta aneurysm; cardiac risks; coronary angiography; coronary heart disease; stenosis; coronary
artery; myocardial ischemia
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LIST OF ABBREVIATIONS

AAA — abdominal aortic aneurysm
CA — coronary artery

CABG — coronary artery bypass graft
CAG — coronary angiography

CAD — coronary artery disease

Cl — confidence interval

INTRODUCTION

Assessing cardiac risks in patients with abdominal
aortic aneurysms (AAA) before surgical treatment
is an urgent problem of modern vascular surgery.
A frequent combination of AAA and coronary artery
disease (CAD) in one patient, pronounced intraoperative
hemodynamic overloads, significant intraoperative
blood loss make the coronary pathology and its
complications the leader in the structure of postoperative
mortality reaching 22.5% [1-4].

For two decades now, various clinics have been
attempting to introducethe practice of routine coronary
angiography (CAG) and prophylactic myocardial
revascularization in the preoperative period in patients
with and without stable CAD [5-8].

At Vishnevsky National Medical Research Center of
Surgery, the tactics of preoperative cardiac examination
of patients with AAA passed the way from standard
electrocardiography (ECG) and echocardiography
(EchoCG) at rest, through obligatory use of stresstests,
to introduction in 2016 of routine CAG and, on identification
of hemodynamically significant stenoses of epicardiac
arteries, prophylactic coronary revascularization.
By the moment, a fairly large material has been
accumulated and it is reasonable that it 76 be processed
and interpreted.

According to the literature, CAG is often performed
in all patients without differentiation by the presence
or absence of clinical and/or instrumental signs of
CAD; patients without cardiologic symptoms are
considered together with patients with severe CAD
[7-9]. Our study included only patients without clinical
or instrumental signs of CAD. We have not found such
publications in the world literature.

The aim of this study to evaluate the tactics
of routine coronary angiography and prophylactic
myocardial revascularization compared with non-invasive
functional tests in patients without manifestations
of coronary heart disease from positions of hospital
outcomes of resection of the abdominal aortic aneurysm.
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ECG — electrocardiography

EchoCG — echocardiography

IEES — intra-esophageal electrophysiological study
MI — myocardial infarction

PCl — percutaneous coronary intervention
Stress-EchoCG — stress-echocardiography

MATERIALS AND METHODS

A retrospective cohort single-center study included
205 patients (26 women and 179 men; mean age
66.6 + 7.5 years) who underwent surgical interventions
for abdominal aortic aneurysm at Vishnevsky National
Medical Research Center of Surgery from 2001 to 2021.
The study was approved by the Local Ethics Committee
ofthe Russian Medical Academy of Continuous
Professional Education (Protocol No. 12 of October 20,
2021). All patients were signing voluntary informed
consent at each stage of treatment.

Inclusion criterion: a confirmed AAA requiring
resection, signing the Informed consent form.

Exclusion criteria: history of exertion angina
and myocardial infarction (MI), history of myocardial
revascularization, chronic heart failure, history of
ventricular arrhythmias, identification of signs of
coronary insufficiency by ECG data, impaired myocardial
contractility or identification of local disordersin
myocardial contractility by EchoCG data, stenosis or
insufficiency of heart valves higher than 2 degree by
EchoCG, decompensated diabetes mellitus (glycated
hemoglobin in blood > 7.5%).

At the preoperative stage, all patients underwent
a standard examination including laboratory tests,
computed tomographic angiography of the aorta, color
duplex scanning of the aorta and brachiocephalic
arteries, ECG, and EchoCG. The groups were formed
based on preoperative tactics: 55 patients under-
went coronary angiography in the preoperative period
(group 1); in 71 patients, cardiac stress tests were
performed to assess the risk of cardiac complications:
stress echocardiography (stress EchoCG) or intra-
esophageal electrophysiological study (IEES) (group 2);
79 patients were examined without use of invasive or
stress methods, only with standard ECG and EchoCG
at rest (group 3). On detection of significant lesions of
the large coronary arteries (CA), patients from group 1
underwent surgical treatment stenting or coronary
artery bypass grafting (CABG) on a planned basis after
discussion at the consultation.
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Groups showed significant differences in age,
however, a pairwise comparison did not revealed such
(Table 1). There was no statistically significant difference
between the groups in such parameters as gender,
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presence of diabetes mellitus, atrial fibrillation, C4-C5
stage chronic kidney disease, acute cerebrovascular
accident in history, intermittent claudication.

Table 1. Baseline Clinical Characteristics of Patients of Study Groups

Parameters Group 1 Group 2 Group 3 P
n 55 71 79 -
Age, Me (Q1; Q3), years 68,0 [64,5; 71,5] 68,0 [62,5; 72,5] 65,0 [59,5; 70,0] 0,036
Female gender, (95% Cl), % 16,48,2;29,3] 11315,3;21,2] 11,4157;21,0] 0,631
Diabetes mellitus, (95% [1), % 55(1,4;16,1] 420001271 51[1,6;13,1] 0,946
Atrial fibrillation, (95% CI), % 1,813,3;20,7] 1,40[0,07; 8,70] 3,8[1,0;11,59] 0,601
Chronic kidney disease C4-C5 stages, (95% Cl), % 55(14;16,1] 561(1,8; 14,6] 11,4157, 21,0] 0,317
Acute cerebrovascular accident in history, (95% Cl), % 7,312,3;18,4] 7,012,6; 16,4] 5111,6;13,1] 0,837
Intermittent claudication, (95% Cl), % 14,505,7; 25,1] 25,4116,1;37,3] 19,0 [11,4;29,7] 0,205

Note: Cl — confidence interval

Primary endpoints: hospital all-cause mortality,
development of cardiac complications in post-operative
period. Additionally, waiting time from the day of the first
visit and identification of indications for the intervention
for AAA to the day of surgery was evaluated.

Statistical calculations were carried out using the
Jamovi program (The Jamovi Project 2021, Version 2.2.;
https://www.jamovi.org). Quantitative variables were
tested for compliance with the law of normal distribution
using Shapiro—-Wilk test. Normally distributed continuous
data are presented as the mean with standard deviation;
non-normally distributed data are presented as medians
with the boundaries of the interquartile range, Me (Q1; Q3).
For binary data, the proportion (%) is presented with the
boundaries of the 95% confidence interval calculated
using Wilson's formula. To compare quantitative data,
non-parametric Kruskal-Wallis test was used. If
statistically significant differences were identified between
the three groups, pairwise comparison of the groups
were performed using Dwass—Steel-Critchlow—Fligner
test. To test the hypothesis of equality of binary data,
Pearson x2 was used; if significant differences were
identified between the three groups, pairwise comparison
was performed using the same criterion. Differences
were considered statistically significant at p < 0.05.

RESULTS

According to the results of CAG, inpatients of group
1 significant stenoses (> 50.0% for the left main CA
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and > 70.0% for the remainingepicardial arteries) were
detected in 30.9% of cases. In 29.5%of them there was
a lesion of the left main CA, in almost half (47.1%) a
proximal lesion of its anterior interventricular branch.

According to the results of CAG, 10 patients
(18.0%) underwent percutaneous coronary intervention
(PCI) a total of 16 stents were implanted. CABG
was performed in 5 (9.0%) patients. There were no
complications of CAG and PCI, after CABG one patient
developed atrial fibrillation paroxysm which was relieved
with medication.

In group 2, stress-EchoCG was performed in
19 patients (26.8%),IEES of atria in 69 patients
(97.2%). By the results of IEES,4 patients had reduction
of the coronary reserve identified bymore than 1 mm
depression of ST segment at heart rate 140 per minute.
They were administered optimal drug therapy (anti-
platelet agents, statins, beta-blockers), AAA resection
was performed without additional examination of
the coronary artery. There were no postoperative
cardiac complications in these patients. In patients,
who underwent stress-EchoCG, no latent myocardial
ischemia was identified.

In patients who underwent coronary angiography,
the average waiting time from the day of the first
visit and identification of indications for intervention
for AAA to the day of surgery was 99.2 + 13.0 days,
in groups without coronary angiography on average
52.2 + 6.0 days (p = 0.007). Patients who underwent
myocardial revascularization waited 185 + 36 days
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for surgery, and patients who underwent coronary
angiography without revascularization waited 67 + 7 days
(p < 0.001). In 3 cases, a long wait for intervention
was accompanied by AAA expansionby 6 mm or
more. In 1 case, AAA expanded in diameter from 65
mm to 73 mm, which was accompanied by appearance
of pain and thinning of the wall with the threat of
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rupture according to tomographic angiography.
Characteristics of the performed operations arepresented
in Table 2 (AAA diameter in groupl was statistically
significantly higher than in group 2, p = 0.021),
the outcomes of interventions are given in Table 3,
results of pairwise comparisons in Table 4.

Table 2. Comparative Characteristics of Surgical Interventions in Study Groups

Parameters Group 1 Group 2 Group 3 p
n 55 7 79 -
Aneurysm diameter, Me (Q1; Q3), mm 56.0 [50.5; 67.5] 48 [43; 62] 53.0 [45.0; 63.5] 0.022
Juxta- or pararenal aneurysm, (95% CI), % 26.3(13.7;37.3] 22.5[13.8;34.3] 17.710.4; 28.3] 0.656
Retroperitoneal access orthoracophrenolumbotomy, 36[06: 13.6] 5.6 (1.8 145] 1457 21.0] 0179
(95% Cl), %
Linear prosthetics, (95% Cl), % 56.4 [42.4; 69.4] 42.3130.8; 54.5] 52.6 [40.4; 63.2] 0.247
Compression above kidneys, (95% Cl), % 9.113.4;20.7] 5.61[1.8;145] 7.613.1;16.4] 0.755
Time of aortic compression, Me (Q1; Q3), minute 40 [32; 47] 45.0[37.5; 62.0] 50 [40; 60] <0.001
Duration of surgery, Me (Q1; Q3), minute 205.0[162.5;255.01 | 210.0[156.5;265.0] | 230.0[165.0;260.0] 0.85
Blood loss, Me (Q1; Q3), ml 700 [500; 1250] 800 [500; 1500] 1000 [800; 1500] 0.008
Note: Cl — confidence interval
Table 3. Comparative Analysis of Surgery Outcomes in Study Groups
Parameters Group 1 Group 2 Group 3 p
n 55 71 79 -
Surgical complications, (95% Cl), % 10.9 [4.5;22.9] 10.0[4.4;19.8] 8.9[3.9;18.0] 0.924
Cardiac complications, (95% Cl), % 3.6[0.6;13.6] 4201.0;1271 25104;9.7] 0.845
Death, (95% CI), % 1.810.1;11.0] 4201.0;12.7] 25104;9.7] 0.704
Myocardial infarction, (95% Cl), % 01[0;8.10] 1.410.07;8.7] 1.30[0.07; 7.80] 0.688
Acute lesion of kidney, (95% Cl), % 12.7[5.7; 25.1] 9.9 [4.4;19.8] 6.3[2.4;148] 0.444
Postoperative bed days, (95% Cl), day 81(7,10] 91[8;10] 10108; 14] <0.001
Note: Cl — confidence interval
Table 4. Pair wise Comparisons of Quantitative Data in Groups Using Dwass—Steel-Critchlow—Fligner Test
Compared Compared Parameters
Groups Age Aneurysm diameter Compression of aorta Blood loss Postoperative bed days
First and second 0.980 0.021 0.005 0.307 0.055
First and third 0.057 0.180 <0.001 0.006 <0.001
Second and third 0.091 0.393 0.844 0.189 0.242

Note: in cells, p values are presented calculated from pairwise comparisons between groups
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The time of aortic compression in group 1 was
significantly less than in groups 2 and 3 (p = 0.005 and
<0.001, respectively), and blood loss in group 1 was less
than in group 3 (p = 0.006). Despite this, the frequency of
surgical, cardiac, renal complications and mortality did
not significantly differ among all the three groups.

In the group of routine CAG, no cardiac mortality
and/or cases of Ml were recorded, while in the other
two groups one case of Ml was recorded in each group
(p = 0.688). It should be noted that in one case of group
2, technical difficulties arose intraoperatively, which
increased the time of aortic compression above the
renal arteries to 40 minutes, and the total compression
time to 80 minutes, and prolonged the operation to
280 minutes, which ultimately led to the development
acute MI on the operating table and death of the
patient on the 2" day after the intervention. A patient
of group 3 was also operated on with a long time of
aortic compression; in the postoperative period he
developed retroperitoneal bleeding, which required
revision of the surgical wound on the 8" day. With
the underlyinganemia and developing multiorgan
failure on the 11™ day, type 2 MI developed, coronary
angiography was performed, which detected 80.0%
stenoses of the anterior interventricular artery and of
the intermedial branch, and stents were implanted. The
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patient died 3 days after PCl due to recurrent bleeding,
which required repeated revision, and due to build-up of
symptoms of sepsis and multiple organ failure.

Hospital mortality in group 1 made 1.8%. The
only patient died due to necrosis of the colon and the
development of multiorgan failure.

In group 2, 3 deaths were recorded (4.2%). One
patient died due to acute MI and multiorgan failure
against its background (this case was described above);
in another patient bleeding started immediately after
the surgery in result of failure of all anastomoses,
which led to disseminated intravascular coagulation
syndrome and death on the operating table. The third
patient underwent amputation of the lower limb due
to irreversible ischemia and gangrene, and resection
of gut and exteriorization of stoma for mesenteric
ischemia against the background thrombosis, which led
to multiorgan failure and death on the 59" day after the
intervention.

Mortality rate in group 3 was 2.5%. The first case is
described above; the second patient died on the 28" day
due to progression of acute renal and respiratory failure.
The structure of surgical and cardiac complications
is given in Table 5. There were less postoperative bed
days in patients of group 1 compared to groups 2 and 3
(p = 0.055 and p< 0.001, respectively).

Table 5. Comparative Analysis of Surgical and Cardiac Complications of Surgical Interventions in Study Groups

Complications Group 1 Group 2 Group 3
n 55 71 79
Atrial fibrillation, n 1 2 0
Acute myocardial infarction, n 0 1 1
Acute heart failure, n 1 1 2
Paresis of gut, n 2 0 0
Necrosis of gut, n 1 1 1
Pancreatitis, n 0 1 0
Bleeding, n 1 2 4
Gastrointestinal bleeding, n 1 0 0
Thrombosisof branch/thromboembolism in lower limb arteries, n 1 3 0
Thrombosis of prosthesis of renal artery, n 0 0 1
Eventration, n 0 0 1

Note: no statistically significant differences were found for all complications, p > 0.05

DISCUSSION

The European Society of Cardiology recommen-
dations CAG and prophylactic myocardial revascularization

DOl https://doi.arg/10.17816/PAVLOVI595860

not be conducted in patients with stable CAD or without
CAD [10]. These recommendations are supported
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by the results of two randomized multicenter studies
CARP and DECREASE-V. The studies included patients
with stable CAD having 3 and more risk factors for
cardiovascular complications. Despite this, no advan-
tages of prophylactic coronary-artery revascularization
were found in these patients compared to the optimal
medical therapy [11, 12].

In 2007, a meta-analysis was published including
3,949 patients from 10 studies, which compared
prophylactic coronary revascularization with medical
management before non-cardiac surgeries. In terms
ofcardiac mortality or development of MI both in the
early postoperative period and in the long-term, the
coronary revascularization did not show any significant
advantage over medical management [13].

A number of authors have claimed the possible
benefits of more aggressive tactics of primary
invasive examination. In 2009, the only prospective
randomized study was published that demonstrated
some advantages of routine coronary angiography and
myocardial revascularization prior to surgeries for
AAA and atherosclerotic lesions of the aorta and iliac
arteries. Patients with medium-to-high risk of cardiac
complications were compared, the study includedpatients
with severe angina and chronic heart failure. In the first
group, stress tests were performed, and with positive CAG
result, revascularization was also performed, and in the
second group, all patients primarily underwent CAG. The
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effect of this approach on the immediate postoperative
period did not reach statistical significance, but in the
long-term period, the incidence of adverse cardiovascular
events and the severity of coronary artery disease were
significantly lower in the CAG group, and over time, the
difference became more and more noticeable [5].

In some review articles ,the authors report a low
frequency of cardiac complications in patients who
underwent prophylactic myocardial revascularization,
butthey do not report a comparison group and do not
take into account the heterogeneity of patients in terms
of the presence or absence of coronary artery disease
in history [6, 9]. Some studies included heterogeneous
groups of patients [7].

To avoid such shortcomings, we selected patients
without clinical or instrumental signs of CAD; no
statistically significant differences in the incidence of
the concomitant pathology were obtained between the
study groups.

As a result, no cases of MI were observed in the
CAG group, while in other groups one case of acute MI
in each was recorded in the postoperative period, the
differences were not statistically significant.

Invasive examinations and additional surgeries
require significant funding. The approximate financial
costs of the interventions to the healthcare system based
on the tariffs of compulsory medical insurance for 2022
are given in Table 6 [14].

Table 6. Estimated Costs of Coronary Angiography and Myocardial Revascularization to Healthcare System

Procedure Price, rubles Number of Procedures, n Total Cost, rubles
Coronary angiography 36275 55 1995125
Percutaneous coronary intervention 167 220 10 1672 200
Coronary artery bypass grafting 387 407 5 1937035
In total - 70 5604 360

The main drawback of this tactics is ignoring the fact
that CAD is, first of all, a functional concept (mismatch
between the inflow of blood and the myocardial
demands), and not a morphological one (the existence
of CA stenosis). If in patients with the clinical picture
of CAD, the development of intraoperative myocardial
ischemia can be expected, in asymptomatic patients it
is doubtful.

Our data evidence no impact of invasive tactics
of coronary bed examination on theimmediate results
of AAA resection in patients without manifestations of
CAD, which is in general consistent with the international
recommendations. The tactics of stress cardiac tests did
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not show advantages versus standard ECG and EchoCG
at rest either. To note, in group 3 despite a longer period
of aortic compression and 1.5 times higher blood loss,
no aggravation of the early postoperative period was
noted.

Shortening of postoperative hospital stay of patients
of group 1 is associated with changes in the patient
management tactics. In earlier years, patients were
more often discharged only after removal of stiches,
but nowthis has been abandoned.

At the same time, CAG is an invasive procedure,
carrying certain risks in itself [15], not to mention the
possible complications of PCl and, especially, CABG.
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Although there were no complications of coronary
interventions in our study, it would be short-sighted to
ignore the potential dangers of over diagnosis.

Another important factor is a delay of surgical
intervention in connection with conducting invasive
examination and subsequent surgical treatment of
cardiac pathology. Thus, after PCI, in most cases, a
double antiplatelet therapy is administered minimum
for 6 months, and extensive surgical intervention in
this period is associated with a high risk of bleeding
[16, 17]. Upon that, the maximal recommended period
to identify indications for surgical treatment of AAA in
stable patients is 8 weeks [18]. However, not a single
patient included in the study presented with rupture of
AAA during the waiting period, and only in three patients
a significant expansion was identified.

Limitations of the study: The study is single-center
retrospective non-randomized, which, together with a small
number of studied patients, undoubtedly reduces the
reliability of the obtained results. Nevertheless, the presen-
ted material reflects the clinical experience of one of the
leading surgical centers of our country, which may be
useful in a comprehensive assessment of this problem.

CONCLUSION

From the point of view of the immediate post-
operative results, invasive coronary angiography in
patients without a clinical and instrumental picture of the
coronary artery disease did not improve the outcomes of
resection of the abdominal aortic aneurysm and at the
same time led to a noticeable increasein the costs to the
healthcare system. We have yet to assess the effect of
such invasive tactics in the long-term.

Non-invasive stress testing had no benefit either in
this cohort of patients versus standard testing.

CMUCOK UCTOYHUKOB

1. Kalmykov E.L., CyukoB W.A., Kanunuu P.E., v ap. Ponb v 3Have-
HWe pAfa NoAMMop$U3MOB reHOB Y NaLMEHTOB C aHeBPU3MON BpioLL-
HoW aopTbl // Poccuitckuii MeamKo-610Nornyeckuii BECTHUK MMEHM
akagemuka W. 1. Maenosa. 2022. T. 30, N2 4. C. 437-445. doi: 10.17816/
PAVLOVJ108311

2.SunT, Cheng Y.-T., Zhang H.—J., et al. Severe coronary artery disease
in Chinese patients with abdominal aortic aneurysm: prevalence and
impact on operative mortality // Chin. Med. J. (Engl.). 2012. Vol. 125,
No. 6. P. 1030-1034.

3. Han S.R., Kim Y.-W., Heo S.-H., et al. Frequency of concomitant
ischemic heart disease and risk factor analysis for an early
postoperative myocardial infarction after elective abdominal aortic
aneurysm repair // Ann. Surg. Treat. Res. 2016. Vol. 90, No. 3. P. 171—
178. doi: 10.4174/astr.2016.90.3.171

Vol. 32 (2) 2024

DOl https://doi.arg/10.17816/PAVLOVI595860

. P Pavlov Russian
Medical Biological Herald

Coronary angiography and prophylactic myocardial
revascularization significantly prolong the waiting time
for surgery, which can potentially increase the risk of
rupture of the abdominal aortic aneurysm.

Performing a blind randomized study with
stratification of patients by risk factors will permit to
more accurately determine the indications for invasive
examination and prophylactic coronary revascularization.

ADDITIONALLY

Funding. This article was not supported by any external sources of
funding.

Conflict of interests. The authors declare no conflicts of interests.
Contribution of the authors: A. V. Abrosimov — collection of material,
statistical analysis, writing the text; A. V. Chupin — concept and design
of study, editing; A. F. Kharazov — data analysis and interpretation,
editing; E. M. Troshin — collecting of material, statistical analysis;
N. R. Masalimov — collecting of material, literature analysis. The
authors confirm the correspondence of their authorship to the ICMJE
International Criteria. All authors made a substantial contribution to the
conception of the work, acquisition, analysis, interpretation of data for the
work, drafting and revising the work, final approval of the version to be
published and agree to be accountable for all aspects of the work.

OuHaHcupoBaHUe. ABTOpLI 3aABNAIOT 06 OTCYTCTBUM BHELLHEro GUHaH-
CMpOBaHUA NPy NPOBELEHUM UCCe0BaHMA.

KoHdnuKT uHTepecoB. ABTOpbl 3aABNAIKT 06 OTCYTCTBUM KOHOIMKTA
MHTEPEeCoB.

Bknap aBTopoB: Abpocumos A. B. — cbop MaTepuana, ctatucTude-
CKWI aHanw3, HanucaHwe TeKcTa; YynuH A. B. — KoHUenuuA v am3anH
nccnenoBaHuA, pefakTMpoBaHue; Xapasos A. O. — aHanu3 U WHTep-
npeTaumnA AaHHbIX, peAakTUpoBaHue; TpowuH E. M. — cbop Matepuana,
CTATUCTUYECKWIA aHanu3; Macanumos H. P. — cbop MaTepuana, aHa-
N3 [aHHbIX TUTepaTypbl. ABTOpbI MOATBEPHAAIOT COOTBETCTBME CBOEr0
aBTOpCTBA MemAyHapoAHbiM Kputepuam ICMJE (Bce aBTopbl BHeCIM
CYLLLECTBEHHbIM BKMAS B pa3paboTKy KOHLENUMU 1 NOArOTOBKY CTaTby,
npoynm v ofobpunm duHanbHyIo Bepcuio nepen nybanKaumen).

4. Pecoraro F., Wilhelm M., Kaufmann AR, et al. Early endovascular
aneurysm repair after percutaneous coronary interventions //
J. Vasc. Surg. 2015. Vol. 61, No. 5. P. 1146—-1150. doi: 10.1016/].
jvs.2014.12.044

5. Monaco M., Stassano P., Di Tommaso L., et al. Systematic strategy
of prophylactic coronary angiography improves long-term outcome
after major vascular surgery in medium- to high-risk patients: a
prospective, randomized study // J. Am. Coll. Cardiol. 2009. Vol. 54,
No. 11. P. 989-996. doi: 10.1016/j.jacc.2009.05.041

6. Borioni R., Tomai F., Pederzoli A., et al. Coronary risk in candidates
for abdominal aortic aneurysm repair: a word of caution // J.
Cardiovasc. Med. (Hagerstown). 2014. Vol. 15, No. 11. P. 817-821. doi:
10.2459/jcm.0000000000000150



https://doi.org/10.17816/PAVLOVJ108311
https://doi.org/10.17816/PAVLOVJ108311
https://doi.org/10.4174/astr.2016.90.3.171
https://doi.org/10.1016/j.jvs.2014.12.044
https://doi.org/10.1016/j.jvs.2014.12.044
https://doi.org/10.1016/j.jacc.2009.05.041
https://doi.org/10.2459/jcm.0000000000000150

OPATHATIBHBIE MCCTIEAOBAHNA

7. Cymun AH., Kopok E.B., Mandwunos C.O., u agp. MNpeBeHTnBHaA
peBacKynApU3aLMA MWOKapaa nepes onepauMAMK Ha OpIoLLHOM
aopTe: OTAaneHHble pe3ynbTatbl // PoCCUIICKMIA KapAMONOrnyecKuit
wypHan. 2013. N 6. C. 11-16. doi: 10.15829/1560-4071-2013-6-11-16
8. YepHasckuin A.M., KapneHko A.A., YepHasckuii M.A., u ap. Kapaua-
NbHbIE OCAOKHEHUA U UX MPOGUNAKTIKE B XMPYPrW aHEBPU3M OpIoLL -
Hoit aopTbl // KoMnneKcHble npobnemMbl cepaeyHo-cocyancTbIX 3abone-
BaHui. 2013. N? 4. C. 88-93. doi: 10.17802/2306-1278-2013-0-4-3-10
9. Apakenan B.C., HaHe AK., Tmgacnos H.A., n gp. PacnpocTpa-
HEHHOCTb KapAuanbHbIX (GaKToOpoB PUCKA y NaLUMEHTOB C aHeBpW3-
MoW bpioluHoi aopThl // Atepotpombos. 2019. N° 1. C. 138-147. doi:
10.21518/2307-1109-2019-1-138-147

10. Halvorsen S., Mehilli J., Cassese S., et al. 2022 ESC Guidelines on
cardiovascular assessment and management of patients undergoing
non-cardiac surgery // Eur. Heart J. 2022. Vol. 43, No. 39. P. 3826—
3924. doi: 10.1093/eurheartj/ehac270

11. McFalls E.O.,, Ward H.B., Moritz T.E., et al. Coronary-artery
revascularization before elective major vascular surgery // N. Engl. J.
Med. 2004. Vol. 351, No. 27. P. 2795-2804. doi: 10.1056/nejmoal41905
12. Schouten 0., van Kuijk J.—P., Flu W.—J., et al. Long-term outcome
of prophylactic coronary revascularization in cardiac high-risk
patients undergoing major vascular surgery (from the randomized
DECREASE-V Pilot Study) // Am. J. Cardiol. 2009. Vol. 103, No. 7.
P. 897-901. doi: 10.1016/j.amjcard.2008.12.018

13. Wong E.Y.W., Lawrence H.P., Wong D.T. The effects of prophylactic
coronary revascularization or medical management on patient

REFERENCES

1. Kalmykov E, Suchkov IA, Kalinin RE, et al. The Role and Significance
of Polymorphisms of Certain Genes in Patients with Abdominal
Aortic Aneurysm. I. P. Pavlov Russian Medical Biological Herald.
2022;30(4):437-45. (In Russ). doi: 10.17816/PAVLOVJ108311

2.Sun T, Cheng Y-T, Zhang H-J, et al. Severe coronary artery disease
in Chinese patients with abdominal aortic aneurysm: prevalence and
impact on operative mortality. Chin Med J (Engl). 2012;125(6):1030-4.
3. Han SR, Kim Y-W, Heo S-H, et al. Frequency of concomitant ischemic
heart disease and risk factor analysis for an early postoperative
myocardial infarction after elective abdominal aortic aneurysm repair.
Ann Surg Treat Res. 2016;90(3):171-8. doi: 10.4174/astr.2016.90.3.171
4. Pecoraro F, Wilhelm M, Kaufmann AR, et al. Early endovascular
aneurysm repair after percutaneous coronary interventions. J Vasc
Surg. 2015;61(5):1146-50. doi: 10.1016/j.jvs.2014.12.044

5. Manaco M, Stassano P, Di Tommaso L, et al. Systematic strategy
of prophylactic coronary angiography improves long-term outcome
after major vascular surgery in medium- to high-risk patients: a
prospective, randomized study. J Am Coll Cardiol. 2009;54(11):989-96.
doi: 10.1016/j.jacc.2009.05.041

6.Borioni R, TomaiF, Pederzoli A etal. Coronary risk in candidates for abdo-
minal aortic aneurysm repair: a word of caution. J Cardiovasc Med
(Hagerstown). 2014;15(11):817-21. doi: 10.2459/jcm.0000000000000150
7. Sumin AN, Korok EV, Panfilov SD, et al. Preventive myocardial
revascularisation before abdominal aortic interventions: long-term
results. Russian Journal of Cardiology. 2013;(6):11-6. (In Russ). doi:
10.15829/1560-4071-2013-6-11-16

8. Chernyavsky AM, Karpenko AA, Chernyavsky MA, et al. Cardiac
events and their prevention in abdominal aortic aneurysm surgery.
Complex Issues of Cardiovascular Diseases. 2013;(4):88-93. (In Russ).
doi: 10.17802/2306-1278-2013-0-4-3-10

Tom 32, N2 2, 2024

DOl https://doi.arg/10.17816/PAVLOVI595860

Poccunckmnin Meamnko-omonornyecKimin BeCTHUIK
MMeHV akaneminka . 1. [1asnosa

outcomes after noncardiac surgery — a meta-analysis // Can. Jo.
Anestha. 2007. Vol. 54, No. 9. P. 705-717. doi: 10.1007/bf03026867
14. MocTaHoBneHue Mpasutensctsa PO ot 28 gekabpa 2021 r. N2 2505
«0 TlporpaMme rocyfapCTBEHHbIX rapaHTWii 6ecnnaTHoro oKasaHws
rpamaaHam MeauUMHCKOM nomoLwlm Ha 2022 rof W Ha NNaHoBbIN Nepuos
2023 v 2024 roposx. [octynHo no: https://base.garant.ru/403335795/.
CcbinKka aKkTMBHa Ha 26.09.2023.

15. Kolkailah A.A., Alreshq R.S., Muhammed AM., et al. Transradial
versus transfemoral approach for diagnostic coronary angiography
and percutaneous coronary intervention in people with coronary
artery disease // Cochrane Database Syst. Rev. 2018. Vol. 4, No. 4.
P. CD012318. doi: 10.1002/14651858.cd012318.pub2

16. Knuuti J., Wijns W., Saraste A., et al. 2019 ESC Guidelines for the
diagnosis and management of chronic coronary syndromes // Eur.
Heart J. 2020. Vol. 41, No. 3. P. 407-477. doi: 10.1093/eurheartj/ehz425
17. Wwnos A.A., Koueprun H.A., TaHiokoB B.A., n gp. OtganexHble
pe3ynbTaThl TPEX CTpaTeruit XMpYpruyeckoil peBackynapusauum
MuoKapga npu crabunbHoit MBC M MHOrococyamcToM MnoparkeHum
KopoHapHoro pycna // Hayka monogsix (Eruditio Juvenium). 2020.T. 8,
N 2. C. 218-228. doi: 10.23888/HMJ202082218-228

18. Wanhainen A., Verzini F., Van Herzeele ., et al. Editor's Choice —
European Society for Vascular Surgery (ESVS) 2019 Clinical Practice
Guidelines on the Management of Abdominal Aorto-iliac Artery
Aneurysms // Eur. J. Vasc. Endovasc. Surg. 2019. Vol. 57, No. 1. P. 8-93.
doi: 10.1016/j.ejvs.2018.09.020

9. Arakelyan VS, Jane AR, Gidaspov NA, et al. Prevalence of cardiac risk
factors in patients with abdominal aortic aneurysm. Atherothrombosis.
2019;(1):138=47. (In Russ). doi: 10.21518/2307-1109-2019-1-138-147
10. Halvorsen S, Mehilli J, Cassese S, et al. 2022 ESC Guidelines on
cardiovascular assessment and management of patients undergoing
non-cardiac surgery. Eur Heart J. 2022;43(39):3826-924. doi: 10.1093/
eurheartj/ehac270

11. McFalls EO, Ward HB, Moritz TE et al. Coronary-artery
revascularization before elective major vascular surgery. N Engl J Med.
2004;351(27):2795-804. doi: 10.1056/nejmoal41905

12. Schouten 0, van Kuijk J—P, Flu W-J, et al. Long-term outcome of pro-
phylactic coronary revascularization in cardiac high-risk patients under-
going major vascular surgery (from the randomized DECREASE-V Pilot Study).
Am J Cardiol. 2009;103(7):897-901. doi: 10.1016/j.amjcard.2008.12.018

13. Wong EYW, Lawrence HP, Wong DT. The effects of prophylactic
coronary revascularization or medical management on patient
outcomes after noncardiac surgery — a meta-analysis. Can J Anesth.
2007;54(9):705-17. doi: 10.1007/bf03026867

14. Decree of the Government of the Russian Federation No. 2505 dated
December 28, 2021 «0 Programme gosudarstvennykh garantiy besplat-
nogo okazaniya grazhdanam meditsinskoy pomoshchi na 2022 god
inaplanovyy period 202312024 godov». Available at: https://base.garant.ru/
403335795/. Accessed: 2023 September 26. (In Russ).

15. Kolkailah AA, Alreshg RS, Muhammed AM, et al. Transradial
versus transfemoral approach for diagnostic coronary angiography
and percutaneous coronary intervention in people with coronary
artery disease. Cochrane Database Syst Rev. 2018;4(4):CD012318. doi:
10.1002/14651858.cd012318.pub2

16. Knuuti J, Wijns W, Saraste A, et al. 2019 ESC Guidelines for the
diagnosis and management of chronic coronary syndromes. Eur Heart

251


https://doi.org/10.17816/PAVLOVJ108311
https://doi.org/10.4174/astr.2016.90.3.171
https://doi.org/10.1016/j.jvs.2014.12.044
https://doi.org/10.1016/j.jacc.2009.05.041
https://doi.org/10.2459/jcm.0000000000000150
https://doi.org/10.15829/1560-4071-2013-6-11-16
https://doi.org/10.17802/2306-1278-2013-0-4-3-10
https://www.noat.ru/filestore/0018/0010/1232/ATEROTROMBOZ-01-2019.pdf
https://doi.org/10.1093/eurheartj/ehac270
https://doi.org/10.1093/eurheartj/ehac270
https://doi.org/10.1056/nejmoa041905
https://doi.org/10.1016/j.amjcard.2008.12.018
https://doi.org/10.1007/bf03026867
https://base.garant.ru/403335795/
https://base.garant.ru/403335795/
https://doi.org/10.1002/14651858.cd012318.pub2
https://doi.org/10.15829/1560-4071-2013-6-11-16
https://doi.org/10.17802/2306-1278-2013-0-4-3-10
https://www.noat.ru/filestore/0018/0010/1232/ATEROTROMBOZ-01-2019.pdf
https://doi.org/10.1093/eurheartj/ehac270
https://doi.org/10.1056/nejmoa041905
https://doi.org/10.1016/j.amjcard.2008.12.018
https://doi.org/10.1007/bf03026867
https://base.garant.ru/403335795/
https://doi.org/10.1002/14651858.cd012318.pub2
https://doi.org/10.1093/eurheartj/ehz425
https://naukamolod.rzgmu.ru/art/485
https://doi.org/10.1016/j.ejvs.2018.09.020

252

ORIGINAL STUDY ARTICLES

J. 2020;41(3):407-77. doi: 10.1093/eurheartj/ehz
17. Shilov AA, Kochergin NA, Ganyukov VI, et al.
three strategies of surgical myocardial revascu
heart disease and multivessel coronary disea

. P Pavlov Russian
Vol. 32 (2) 2024 Medical Biological Herald

425 18. Wanhainen A, Verzini F, van Herzeele |, et al. Editor's Choice —
Long-term results of ~ European Society for Vascular Surgery (ESVS) 2019 Clinical Practice
larization in ischemic ~ Guidelines on the Management of Abdominal Aorto-iliac Artery
se. Nauka Molodykh ~ Aneurysms. Eur J Vasc Endovasc Surg. 2019;57(1):8-93. doi: 10.1016/j.

(Eruditio Juvenium). 2020;8(2):218-28. (In Russ). doi: 10.23888/  ejvs.2018.09.020

HMJ202082218-228

0b ABTOPAX

*A6pocumoB Anekceit Bnagumuposuy;
ORCID: https://orcid.org/0000-0001-6539-5363;

AUTHORS' INFO

*Aleksey V. Abrosimov;
ORCID: https://orcid.org/0000-0001-6539-5363;

eLibrary SPIN: 7322-1401; e-mail: abrosimov.alexey@yandex.ru eLibrary SPIN: 7322-1401; e-mail: abrosimov.alexey@yandex.ru

YynuH AHppeit BanepbeBuy, A.M.H., JOLEHT;
ORCID: https://orcid.org/0000-0002-5216-9970;
eLibrary SPIN: 7237-4582; e-mail: achupin@rambler.ru

Xapa3zoB Anekcanap QenMKCoBUY, K.M.H., [IOLEHT;
ORCID: https://orcid.org/0000-0002-6252-2459;
eLibrary SPIN: 5239-8127; e-mail: harazik@mail.ru

TpowwuH EBrenunit Muxainosuy;
ORCID: https://orcid.org/0009-0006-4635-8018;
eLibrary SPIN: 5142-9900; e-mail: jeka.troshin@mail.ru

Macanumos Haunb Pudrarosuy;

ORCID: https://orcid.org/0000-0003-0052-8457;
eLibrary SPIN: 9440-5721; e-mail: masalimovn@yandex.ru

* ABTOp, OTBETCTBEHHBIN 3a NepenucKy / Corresponding author

Andrey V. Chupin, MD, Dr. Sci. (Med.), Associate Professor;
ORCID: https://orcid.org/0000-0002-5216-9970;
eLibrary SPIN: 7237-4582; e-mail: achupin@rambler.ru

Aleksandr F. Kharazov, MD, Cand. Sci. (Med.), Associate Professor;
ORCID: https://orcid.org/0000-0002-6252-2459;
eLibrary SPIN: 5239-8127; e-mail: harazik@mail.ru

Evgeniy M. Troshin;
ORCID: https://orcid.org/0009-0006-4635-8018;
eLibrary SPIN: 5142-9900; e-mail: jeka.troshin@mail.ru

Nail' R. Masalimov;

ORCID: https://orcid.org/0000-0003-0052-8457;
eLibrary SPIN: 9440-5721; e-mail: masalimovn@yandex.ru

DOl https://doi.arg/10.17816/PAVLOVI595860



https://orcid.org/0000-0001-6539-5363
https://www.elibrary.ru/author_profile.asp?id=1093576
mailto:abrosimov.alexey%40yandex.ru%20?subject=
https://orcid.org/0000-0002-5216-9970
https://www.elibrary.ru/author_profile.asp?id=94735
mailto:achupin%40rambler.ru?subject=
https://orcid.org/0000-0002-6252-2459
https://www.elibrary.ru/author_profile.asp?id=745571
mailto:harazik%40mail.ru?subject=
https://orcid.org/0009-0006-4635-8018
https://www.elibrary.ru/author_profile.asp?id=1250620
mailto:jeka.troshin%40mail.ru?subject=
https://orcid.org/0000-0003-0052-8457
https://www.elibrary.ru/author_profile.asp?id=1202771
mailto:masalimovn%40yandex.ru?subject=
https://orcid.org/0000-0001-6539-5363
https://www.elibrary.ru/author_profile.asp?id=1093576
mailto:abrosimov.alexey%40yandex.ru?subject=
https://orcid.org/0000-0002-5216-9970
https://www.elibrary.ru/author_profile.asp?id=94735
mailto:achupin%40rambler.ru?subject=
https://orcid.org/0000-0002-6252-2459
https://www.elibrary.ru/author_profile.asp?id=745571
mailto:harazik%40mail.ru?subject=
https://orcid.org/0009-0006-4635-8018
https://www.elibrary.ru/author_profile.asp?id=1250620
mailto:jeka.troshin%40mail.ru?subject=
https://orcid.org/0000-0003-0052-8457
https://www.elibrary.ru/author_profile.asp?id=1202771
mailto:masalimovn%40yandex.ru?subject=
https://doi.org/10.1093/eurheartj/ehz425
https://naukamolod.rzgmu.ru/art/485
https://naukamolod.rzgmu.ru/art/485
https://doi.org/10.1016/j.ejvs.2018.09.020
https://doi.org/10.1016/j.ejvs.2018.09.020

