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Abstract

Currently, according to the St. Petersburg CardioRegistry since 2016, which includes the
entire volume of medical care provided to all patients with acute coronary syndrome in all
medical institutions of St. Petersburg, there is no data on the performance of exercise tests to
assess exercise tolerance (ET) before the end of the inpatient treatment phase. Assessment
of ET before discharge from the hospital or transfer to a rehabilitation department is
important not only for evaluating the effectiveness of endovascular treatment but also for
effective and safe cardiac rehabilitation of patients after acute myocardial infarction (AMI)
at all stages. Predicting the construction of personalized cardiac rehabilitation programs
based on different ET in patients with varying degrees of myocardial revascularization and
left ventricular contractile function will be the basis for recommendations on early effective
rehabilitation after revascularization surgery. These programs will undoubtedly determine
the success of rehabilitation measures at subsequent stages for restoring the health and
ability to work of patients, as well as reducing the risks of recurrent coronary events.
The aim of the work is to evaluate the safety of using exercise tests in the early stages of
AMI treatment and to determine the difference in ET in patients with varying degrees of
myocardial revascularization and left ventricular contractile function for the subsequent
construction of personalized cardiac rehabilitation programs. Materials and methods. We
examined 173 patients urgently admitted to the regional vascular center with AMI (Q-AMI -
95 patients, non-Q-AMI - 78 patients) aged 38 to 79 years (average age 59+11 years). Patients
underwent coronary angiography, emergency angioplasty and coronary artery stenting, and
echocardiography to assess left ventricular ejection fraction (LVEF). Patients were divided
into groups depending on the completeness of myocardial revascularization and LVEF.
Upon discharge from the hospital, transfer to a rehabilitation department or a specialized
sanatorium (average hospitalization duration was 11 days), stress tests were performed: a six-
minute walk test (6MWT), and bicycle ergometry test (BET) on a vertical or horizontal bicycle
ergometer (Schiller), which determined ET. The results of the work showed that with proper
clinical selection of patients, taking into account the severity of cardiovascular diseases and
concomitant somatic pathology, with an assessment of the risks of complications, performing
stress tests by qualified medical staff of a multidisciplinary hospital before discharge is a
safe method of functional diagnosis. Significant differences in ET in patients in different
groups were identified, which allows for a personalized approach in the early inpatient stage
of cardiac rehabilitation, including individual metered physical activity.

Conclusion: The completeness of myocardial revascularization and LVEF are among the
significant factors affecting ET in patients with AMI after endovascular surgery and should
be taken into account when designing personalized cardiac rehabilitation programs. A
personalized approach based on clear clinical, laboratory, and instrumental data will improve
the cardiac rehabilitation system for patients after AMI in general.
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AHHOTanua

B Hacrosimiee BpeMs, cormacHO mAaHHbIM CaHKT-IleTepOyprckoro kapauopeectpa ¢ 2016
roza, OXBaThIBAIOIIEr0 BeCh 00beM MeAUIIMHCKOM MOMOIIM, OKa3aHHOM BCceM TalieHTam C
OCTPBIM KOPOHAPHBIM CMHIPOMOM BO BCEX MeIUIIMHCKUX yupexkneHusx CaHkT-ITletepOypra,
OTCYTCTBYIOT JaHHbIe O IPOBENEeHUM HArpPy304YHbIX TECTOB [JISI OLEHKU IepPeHOCUMOCTU
dusmueckoit Harpysku (HT) 1o okoHuaHus cTanoHapHoOro gsedeHusi. OueHka Qpusnveckon
HArpy3Ku repe BHITICKO 13 CTal[MOHapa MUY ITIepeBOJIOM B peabuIMTalMOHHOE OTHeIeHe
Ba)XKHA HE TOJBKO IJIsT OLeHKM 3PDEKTUBHOCTM IHAOBACKY/ISIPHOTO J€YeHUs], HO U IJIsl
s derTUBHOI U HGe30MacHOl KapAyMopeabuIUTalyuu MaleHTOB II0C/e OCTPOro MHQpapKTa
muokapga (OMIM) Ha Bcex cragusx. [I[porHo3upoBaHye OCTPOEHMS TTIePCOHAIM3UPOBAHHBIX
MpOTpaMM KapamMopeadmInTaluuy Ha OCHOBE Pa3IMUHOM GU3MYecKoi Harpy3Ku y MalyieHTOB
C pa3HO¥ CTeNeHbI0 PeBACKY/ISIpU3ALUM MMUOKapAa M COKpaTUTEIbHOV (PyHKIIMel JieBOro
SKeJTyIouKa CTaHeT OCHOBOJ IJIs1 peKOMeHaaluit 1Mo paHHei 3pbeKTUBHO peabuinTanmn
I0CJIe peBaCKy/ISIpU3aLMOHHON XUPYPIrU. OTU IPOrpaMMbl, HECOMHEHHO, OTIPeAessT YCIex
peabMINTAMOHHBIX MEPOTIPUSITUIL Ha TTOCAeAYIOMIMX 3Tanax BOCCTAHOBJIEHMS 3[I0POBbs U
TPYAOCIIOCOOHOCTY MAIMEHTOB, a TAKKE CHVDKEHMS PUCKA ITOBTOPHBIX KOPOHAPHBIX COOBITHIA.
Ilenb paboOThI — OIEHUTH OE30IMAaCHOCTh MCITOJIb30BAHMSI HAarpy30YHbIX TECTOB HAa PaHHUX
cragusxyaedenuss OUMuonpenennTb pas3anunsi B GU3MuecKoii HarpysKke ynaieHTOB C pa3Hot
CTEeTeHbI0 PeBaCKY/ISIpM3aly MMUOKapaa ¥ COKpATUTENbHOM (PYHKIIMEN JIeBOTO KeTyaouka
IJTSI TIOC/IeIYIOIIETO TMTOCTPOEHMS TTePCOHAM3YPOBAHHBIX ITPOTPAMM KapAMOopeadbvInTaIun.
Matepuanbl 1 MeToabl. Mbl obcimemoBaiu 173 mainyeHTa, SKCTPEHHO ITOCTYNMUBIIUX B
perMoHaJbHbBIN COCYOUCTBIN LIEHTP C OCTPhIM MHbapkToM Muokapaa (OMIM) (Q-OUM - 95
nmanyueHToB, He-Q-OMM - 78 nanyeHTOB) B Bo3pacTe oT 38 1o 79 net (cpemHuii Bospact 59£11
net). ITalieHTamM DpPOBOAWIM KOPOHAPHYI aHruorpaduio, SKCTPeHHYI0 aHTUOIUIACTUKY U
CTEHTUPOBaHMe KOPOHAPHBIX apTepuii, a Takke 3xokapauorpabuio mJs omeHKMu dhpakuumn
BbIOpOca meBoro skenymouka (OBJDK). [TauyeHTbI 6bUIM pa3esieHbl Ha IPYIIIIbI B 3aBUCUMOCTH
OT TTOJTHOTBI peBacKysipu3auyy muokapaa u ®BJDK. ITpu BeInMcKe 13 60IbHULIBI, TEPEBOIE
B peabMIUTAllMOHHOE OTHe/leHMe WM CIelMaIM3MPOBAHHbI CaHATOPUIL (CpemHss
MPOAO/IKUTENIBHOCTD TOCIIMTAMIN3ALMU coCTaBasia 11 gHei), NpOBOAUINCH CTPECC-TEeCThI:
[IeCTMMMUHYTHBIN TeCT Xoab6s1 (6MT) 1 BeospromeTtpuueckuii Tect (BOT) Ha BepTHUKaIbHOM
MUV TOPU3OHTAIbHOM Bestosprometpe (Llumnepa), onpenensipmnii OT. Pe3ynbraTsl paboThl
1oKasajau, YTO MNPy MPaBMJIbHOM KJIMHMYECKOM OTOOpe TMalieHTOB C yYeTOM TSIKeCTu
CepleuyHO-COCYOUCThIX 3a00/IeBaHMII UM  COMYTCTBYIOIE) COMAaTUUeCKOV IaTOJOTUH,
C OIIeHKO/ pucka OCIOXKHeHUI, IIpoBelleHle CTPecc-TeCTOB KBaIUGUIMPOBAHHBIM
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MEeIMUIIMHCKUM TepCOHAJIOM MHOTOMPOMMIbHON OOMBHUIIBI TI€PEeH, BBITIMCKON SIBJISIETCS
6e30macHpiM MeTOAOM (GYHKUMOHAJIbHOM NMArHOCTUKU. BbUIM BBISIBIEHBI 3HAUMUTENbHbIE
pasnuuus B PU3MUECcKOii Harpy3ke y MaleHTOB Pa3HbIX IPYII, YTO MO3BOJISIET IPUMEHSTh
MepCOHA/IM3MPOBAHHBIN MTOAXOM HAa paHHEM CTAal[MOHApHOM 3Tare KapAuopeabuIuTaluu,
BKJIIOUAsI MUHAVBUAYATbHYIO 103MPOBAHHYIO GM3MUECKYI0 aKTUBHOCTbD.

BoiBop,: [lomHOTa peBacKyaspusalnyuy Muokapaa u (ppakius BbIOpoca JIeBOTO JKeaymouka
SIBJITIOTCSL OJHMMM M3 3HAUMMBbIX (PAKTOPOB, BAMSIIOIIMX Ha (PU3NUYECKYI) HArpys3Ky y
MaIMEeHTOB C OCTPbIM MHGAPKTOM MMOKApAa MOC/Ie SHI0BACKYISIPHON XUPYPTUN, Y JOIKHBI
YUUTBIBATHCS MPU pa3paboTKe MepCOHATM3MPOBAHHBIX MPOrpaMM KapauopeadouauTaiun.
[TepcoHaNMM3MPOBAHHbIN MOJAXOM, OCHOBAHHBIN HA UETKUX KIMHUUECKUX, TAaO0OPATOPHBIX U
MHCTPYMEHTAMbHBIX JaHHBIX, VIYUIIUT CUCTEMY KapauopeadbmauTaluy MalueHToB Mocie
ocTporo uHdapKTa M1OKapaa B I[eJIOM.

K/TIOYEBBIE CJIOBA: ocTpblit MHGApKT MMUOKapaa, TepeHOCMMOCTb (pU3MUeCKOit Harpy3Ku,
AHTMOIUIACTMKA, CTEHTMPOBaHMe KOPOHAPHBIX apTepuii, IeCTUMMUHYTHBIN TECT XOAbObI
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INTRODUCTION

According to WHO data, more than 7 million people annually suffer an acute myocardial
infarction (AMI), which is associated with high mortality rates from complications of
cardiovascular diseases, disability, loss of work capacity, and, consequently, significant socio-
economic damage [1,2]. In the Russian Federation, thanks to the Federal Project "Fighting
Cardiovascular Diseases," the effectiveness of medical care for patients with acute coronary
syndrome is being improved. Measures for the prevention of cardiovascular diseases and
cardiovascular complications in high-risk patients under dispensary dynamic observation are
activelybeingimplemented.Drug provision for patients who have suffered acute cardiovascular
diseases at the outpatient stage has been organized, and the material and technical base of
regional vascular centers and primary vascular departments has been updated. The latest
endovascular surgery technologies are being actively introduced (assessment of the severity
of atherosclerotic coronary artery lesions using intravascular ultrasound, assessment of
fractional flow reserve, rotational atherectomy of calcified and occluded coronary arteries,
implantation of drug-eluting stents), which ensures a more complete volume of myocardial
revascularization while reducing the intensity of surgical aggression on the coronary arteries.
The improvement of effective endovascular treatment for patients with AMI contributes to
rapid stabilization of the condition, reduction of complications, and shorter stays in intensive
care units. Early motor activation of patients has a beneficial effect on the physical and
mental state of patients, shortens the hospitalization period, and reduces the risk of death.
Early initiation of physical training increases exercise tolerance (ET), improves myocardial
contractile properties, stimulates the development of collaterals, prevents hypostatic
pneumonia, thromboembolic complications, prevents the decompensation of heart failure,
reduces the frequency of post-infarction angina, has a beneficial effect on platelet aggregation,
lipid profile indicators, electrolyte balance, psychological status, ultimately improving the
quality of life and treatment prognosis for the patient [3].
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Increasing physical activity after AMI is an effective approach to improving muscle
metabolism, vasodilation, and increasing peak oxygen consumption by muscles, including
the myocardium, which is accompanied by a positive effect on the cardiovascular system
(adaptive, antiatherogenic, and antiarrhythmic) and on the main cardiovascular risk factors
(dyslipidemia, obesity, arterial hypertension, diabetes mellitus, psychological distress) [4,5].

However, patients after myocardial infarction and revascularization surgery represent
an extremely heterogeneous group in terms of the state of the cardiovascular system, the
volume and type of revascularization, and concomitant somatic pathology, which requires a
personalized approach to the design and prediction of cardiac rehabilitation (CR) programs
at the inpatient stage. Such cardiac determinants of rehabilitation effectiveness as the
completeness of myocardial revascularization, left ventricular systolic function, the degree
of myocardial microdamage during AMI development, the severity of heart rhythm and
conduction disorders, as well as non-cardiac determinants in the form of anemia, obstructive
pulmonary disease, diabetes mellitus, and obesity, certainly affect the functional state of the
body and ET, which requires adjustments in the choice and process of rehabilitation measures.

Currently, thanks to a large evidence base, the modern aspect of using physical training (PT) in
cardiac rehabilitation programs is based not only on increasing ET and developing adaptation
to myocardial ischemia but also on the proven cardioprotective effect of PT [6]. This approach
makes it possible to personalize cardiac rehabilitation programs by duration and intensity
of PT, taking into account their effectiveness and safety, and to create individual physical
training (IPT) programs for each category of patients with AMI as early as when they are
transferred fromthe cardiacintensive care unit. The optimal use of differentiated rehabilitation
programs, taking into account the cardioprotective effect of PT, ensures the stability of long-
term results of the PCI performed, improves the quality of life and prognosis in this category
of patients [7,8]. Considering the patient-centered approach in the treatment of patients with
cardiovascular diseases, the development of personalized cardiac rehabilitation programs
at the inpatient stage of treatment for patients with different completeness of myocardial
revascularization during endovascular intervention and left ventricular systolic function is a
particularly important clinical task. Overcoming barriers to increasing physical activity in the
post-infarction period should be carried out with socio-economic and informational support
from the state and the healthcare system by developing and implementing accessible physical
training programs with the ability to monitor the achievement of target physical activity
[9]. Predicting the construction of personalized programs based on early clinical, laboratory,
and instrumental data obtained during the treatment of patients in the hospital will be the
basis for recommendations on early rehabilitation after revascularization surgery, which will
certainly determine the success of rehabilitation measures at subsequent stages for restoring
the health and ability to work of patients, as well as reducing the risks of recurrent coronary
events.

The functional state of the cardiovascular system and its reserve capabilities can be most
comprehensively assessed when patients perform physical activity. The bicycle ergometry
test (BET) is the most informative and quite safe. To obtain comparable results, select the
optimal training regimen, and evaluate the effectiveness of rehabilitation measures, it is
advisable to conduct the test at a submaximal load level. For patients capable of performing
physical activity, an exercise test is the best way to assess the functional capacity of the
heart and indirectly assess coronary circulation. An alternative to BET or a treadmill test for
patients with incomplete myocardial revascularization and/or LVEF less than 40% may be the
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6-minute walk test with a constant (single-stage) submaximal load under the patient's self-
control [10].

Assessment of ET is mandatory when conducting cardiac rehabilitation programs. The
exercise test is quite safe with proper patient selection (identification of absolute and relative
contraindications) and compliance with all conditions for its performance. The optimal time,
from a safety perspective, for performing an exercise test after AMI is not precisely defined. In
anuncomplicated disease course, the exercise test is performed 2-3 days before discharge from
the hospital, but not earlier than 9-10 days after the start of activation [11]. For all patients
after ST-segment elevation myocardial infarction (STEMI), it is recommended to perform a
graded exercise test (using an ergometer or treadmill) and, if unavailable (or contraindicated),
a 6-minute walk test to assess functional ET, select optimal physical training, and monitor
their effectiveness and safety [12,13,14].

Exercise tolerance, or physical performance, is an integral indicator of the body's physiological
capabilities. It varies significantly between women and men, between young people and
older age groups, and between individuals engaged in physical and mental labor. Within a
homogeneous group, physical performance will vary depending on the patient's weight and
height. R. Shephard (1969) proposed submaximal heart rate values during exercise tests
depending on sex, weight, and age, which were subsequently recommended for use by the
WHO Expert Committee [15,16]. Exercise testing is a key point in assessing a patient's physical
performance capacity (PPC) in the CR system. Conducting an exercise test before inclusion in
a PT program allows one to determine the patient's response to physical activity (PA), select
the intensity of the training load based on maximum benefit and safety, and adjust the load
as fitness increases. Assessing changes in PPC after completion of a physical rehabilitation
program provides information about its clinical effectiveness for the patient [17].

AIM OF THE STUDY

To evaluate the safety of using exercise tests in the early stages of AMI treatment after
revascularization surgery in a multidisciplinary hospital. To determine the differences in
ET in patients with different degrees of myocardial revascularization and left ventricular
contractile function for the subsequent construction of personalized cardiac rehabilitation
programs.

MATERIALS AND METHODS

The study examined 173 patients urgently admitted to the regional vascular center of St.
Petersburg State Medical Institution "Elizavetinskaya Hospital" with acute coronary syndrome
(ACS). The average age was 59*11 years. The clinical characteristics of patients with ACS are
presented in Table 1.

- Routine risk stratification of adverse outcomes using scales in patients with STEMI during
hospitalization is not recommended due to the lack of proven effective interventions based
on the results of this stratification.

Patients with STE-ACS were sent to the X-ray endovascular diagnostics and treatment
department within 60 minutes for emergency coronary angiography and determination of
treatment tactics. Patients with NSTE-ACS were sent to the cardiac intensive care unit. They
underwent endovascular myocardial revascularization within up to 24 (72) hours depending
on the risks, according to clinical guidelines.
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Table 1. Clinical characteristics of patients with acute coronary syndrome

Risk of adverse outcome (GRACE score) Total
Group Sex Age (years)
Low Medium High
i o0 O0 00 00
ACS without ST- Men 57.4¥9.4 24 (43%) 15 (27 %) 17 (30 %) 56 (72 %)
segment elevation | Women 61.7£9.6 7 (32 %) 8 (36 %) 7 (32 %) 22 (28 %)
(NSTE-ACS)
Total 58.6%9.5 31 (38 %) 23 (29 %) 24 (31 %) 78 (45 %)
+ %
ACS with ST- Men 57.6%9.5 68 (72 %)
segment elevation | Women 59.1%15.5 27 (28 %)
(STE-ACS) Total 58.0+11.4 95 (55 %)

In the cardiac intensive care unit, patients underwent a full range of laboratory and
instrumental studies. All patients underwent transthoracic echocardiography (ECHO) on an
expert-class ultrasound scanner to determine left ventricular ejection fraction (according to
Simpson).

Next, patients were divided into groups based on the completeness of myocardial
revascularization (complete and incomplete myocardial revascularization) and LVEF
(preserved and reduced LVEF). The completeness of revascularization was assessed based on
control coronary angiograms after angioplasty and coronary artery stenting. The decision on
the volume of revascularization was made collectively by a cardiologist and a physician of
X-ray endovascular diagnostics and treatment based on the patient's condition, myocardial
damage zones according to ECGand ECHO data.In cases of multivessel coronary artery disease,
fractional flow reserve (FFR) or intravascular ultrasound (IVUS) was used to determine the
hemodynamic significance of coronary artery stenoses. During ECHO, patients were divided
into groups: with preserved LVEF (>50% according to Simpson) and reduced LVEF (<50%
according to Simpson). The stratification of patients with AMI is presented in Table 2.

Table 2. Stratification of patients with acute myocardial infarction after myocardial

revascularization
Patient Group Men Women Age Total
| | Complete Preserved LVEF 36 (73 %) 13 (27 %) 55.8%11 49 (28%)
revascularlzatlon
2 | Reduced LVEF Reduced LVEF 11 (61 %) 7 (39 %) 57+11 18 (10 %)
3 | Incomplete Preserved LVEF 47 (67 %) 23 (33 %) 60+9 70 (41%)
revascularization
4 | Incomplete Reduced LVEF 29 (80 %) 7 (20 %) 58.8+12 36 (21 %)
revascularization

The clinical characteristics of patients treated for AMI after emergency angioplasty and
coronary artery stenting who participated in the study are presented in Table 3.
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Table 3. Clinical characteristics of patients

Duration Histor History of
Patient Group of CAD of AM}I Revascu- HTN CHF DM

(years) larization
1 fgf:gﬁf:rization E\r,%slf“’ed 6.9t3.3 | 8(16%) 5 (10%) 41(84%) | 11 (22%) | 5(10%)
2 fgggﬁf;rization 55%‘;*‘1 5.8+3.8 | 4(22%) 2 (11%) 15(83%) | 6(33%) | 5(27%)
3 i‘e‘sggﬁgiezaﬁon E{,ﬁfr"ed 7.8:5.8 | 12(17%) | 7(10%) 56 (80%) | 19 (27%) | 13 (18%)
Incomplete Reduced N o o o o o
4| o eration | IVEF 8.7+6 | 16 (44%) 5 (14%) 27 (75%) | 14 (39%) | 11 (31%)

Afterendovascularmyocardial revascularization, patientsreceived intensive carein the cardiac
intensive care unit. Upon stabilization of the condition, completion of control laboratory
parameters, instrumental studies, and, in the presence of somatic pathology, consultations
with specialists, patients were transferred to cardiology departments. In the department,
patients received the entire necessary volume of drug treatment, diagnostic studies in the
presence of concomitant somatic pathology, and underwent the inpatient stage of cardiac
rehabilitation according to clinical guidelines and quality criteria for medical care in AMI.

To select tactics for expanding the patient's motor regimen, prescribing gradually increasing
loads during rehabilitation, before discharging the patient from the hospital, transferring to
a rehabilitation department or a specialized sanatorium, the rehabilitation classification of
the severity of the clinical condition was used (Aronov D.M., 1983), Table 4.

Table 4. Rehabilitation classification of the severity of the clinical condition of patients with AMI
(according to Aronov D.M., 1983; modification 2014)

Severity Groups MI Signs

First (Mild) - No signs of heart failure (HF)

- No symptoms of myocardial ischemia and angina

- No complex heart rhythm and conduction disorders

- Adequate response when expanding the motor activity regimen

Second (Moderate) - HF class II according to Killip T., Kimball J. (1967)

- AV block above I degree in inferior MI

- AV block I degree in anterior MI or against the background of bundle branch block

- Resolved paroxysmal rhythm disorders, except for ventricular paroxysmal tachycardia
- Permanent form of atrial fibrillation

- Wandering atrial pacemaker

- Frequent extrasystole (more than 1 extrasystole per min), or class III-IV according to
Lown, prolonged (throughout the observation period) or frequently recurring episodes
- Dressler's syndrome

- Arterial hypertension requiring additional treatment
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Third (Severe) - Acute HF class III-IV according to Killip T., Kimball J. (1967)

- Chronic HF resistant to treatment

- Angina or signs of myocardial ischemia on ECG during low physical activity

- Slow evolution of the ST segment or its absence, new ischemic or focal changes on
ECG

- Complex ventricular rhythm disorders at rest or during exercise

- Acute cardiac aneurysm

- Thromboendocarditis

- Any severe complications and acute conditions requiring specialized treatment

- Combination of 3 or more complications of the second group

Inthe study to determine ET during exercise tests after revascularization surgery, only patients
with mild and moderate severity groups of AMI according to the rehabilitation classification
were selected. Also, clinical signs and laboratory-instrumental data over time determined the
duration of inpatient treatment. Stratification of patients by severity groups and the duration
of inpatient treatment is presented in Table 5.

Table 5. Stratification of patients by severity groups

Severity Groups of MI Average
duration of
Patient Group First (Mild), (Msoeitlceorg(tie) Total inpatient
number ) treatment
number (bed/days)
1 | Complete Preserved o o
revascularization LVEF 38 (78 %) 1122 %) 49 9
2 | Complete Reduced o o
revascularization LVEF 8 (44%) 10 (56 %) 18 1
3 | Incomplete Preserved o o
revascularization LVEF 45 (64 %) 25(36 %) 70 1
4 | Incomplete Reduced o o
revascularization LVEF 7(19%) 29 81 %) 36 12

On the eve of, or on the day of, the patient's discharge from the hospital, transfer to an
inpatient rehabilitation department or a specialized sanatorium, stress tests were performed.
In the morning, before taking medications, patients underwent a six-minute walk test (6MWT)
according to the standard method. After a long rest, in the functional diagnostics department,
patients underwent BET (submaximal or symptom-limited stress test) on a vertical bicycle
ergometer. The results of the stress tests were recorded in a specially developed standardized
form.

Exercise tolerance in each group of examined patients was determined based on the
submaximal heart rate during BET, calculated using the formula by Yakovlev G.M. (1979),
which, in our opinion, most objectively allows for assessing ET in patients with AMI after
endovascular myocardial revascularization:
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Submaximal HR = Baseline HR + K x (215 - Baseline HR - age), where "K" is the coefficient;
(in our patients — with CAD and post-infarction cardiosclerosis, it is 0.5; for patients with
angina, it is 0.7).

STUDY RESULTS

The performance of stress tests in all study groups was: 6MWT — 100%, BET — 94%. 11 patients
were unable to perform the exercise test on a bicycle ergometer due to musculoskeletal
pathology, body weight over 130 kg, or decompensation of concomitant somatic pathology.
The pathological conditions that developed during stress tests in patients in the early stages
of AMI and the frequency of their occurrence are presented in Table 6.

Table 6. Pathological conditions during stress tests

. Anginaon | Heart rhythm
Patient Group Stress Test offort disturbance Total

1 Complete Preserved 6MWT 0 0 0

revascularization LVEF BET 0 1 1

Complete Reduced 6MWT 0 0 0
2 -

revascularization LVEF BET 1 2 3

Incomplete Preserved 6MWT 0 0 0
3 N

revascularization LVEF BET 2 1 3

Incomplete Reduced 6MWT 1 1 2
4 larizati LVEF

revascularization BET 2 2 4

Thus, during stress tests performed upon discharge of patients with AMI after endovascular
myocardial revascularization, a total of 13 (7.5%) transient pathological conditions
were registered, probably related to physical activity, which did not require emergency
care or therapy adjustment and did not lead to an increase in the duration of the current
hospitalization. Accordingly, the performance of symptom-limited stress tests to assess ET
by qualified medical personnel with proper patient selection is a safe method of functional
diagnosis.

The 6MWT revealed significant differences in indicators between the study groups, presented
in Table 7.

Table 7. Results of the 6MWT in the groups of studied patients

Patient Grou Distance Load intensity d iezeer;téﬁ
p walked, m (Borg scale) ysp §
scale)
1 | Complete revascularization Preserved LVEF | 40949 1,9%0,7 1,8%0,6
2 | Complete revascularization Reduced LVEF 284+38 3,1£0,7 3,2%0,7
3 | Incomplete revascularization | Preserved LVEF | 334+41 2,6%0,6 2,5+0,6
4 | Incomplete revascularization | Reduced LVEF 260%36 3,3+0,6 3,5+0,8

144] (® ejsmr.org Vol. 4 Issue I 2026



» MeduyuHcKue HayKu EXXHMK

Differences in the distance walked by patients during the SMWT by groups depending on the
completeness of myocardial revascularization during endovascular intervention and LVEF
are shown in Graph 1.
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Graph 1. Walking distance during the SMWT in the studied patient groups

Duringsymptom-limited BET,differencesrelated tothe volume of myocardialrevascularization
during endovascular intervention and left ventricular myocardial contractile function were
also revealed. The main indicators of BET are presented in Table 8.

Table 8. Results of BET in the groups of studied patients

. Maximum HR
Patient Group Maximum L.O ad . during VST, Threshold
load, W duration, min bpm power, W/kg
1 | Complete Preserved N N N N
revascularization LVEF 110,7+16 12,340,4 1214 1,5%0,4
2 | Complete Reduced N . . .
revascularization LVEF 79,2+18 9,2+0,5 109+5 0,9+0,3
3 | Incomplete Preserved 86,3415 10,420,6 11444 1,040,3
revascularization LVEF
4 | Incomplete Reduced 66,419 6,2%0,6 103+6 0,65+0,2
revascularization LVEF

Differences in the maximum performed load during BET by groups depending on the
completeness of myocardial revascularization during endovascular intervention and LVEF
are shown in Graph 2.
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Graph 2. Maximum load during BET in the studied patient groups

Based on the results of the performed BET in patients with AMI after endovascular myocardial
revascularization upon discharge from the hospital or transfer to a rehabilitation department,
an assessment of ST was carried out, allowing for the stratification of patients in the study
groups. ST during BET is presented in Table 9.

Table 9. Exercise tolerance during bicycle ergometry test

) Exercise tolerance, number of patients
Patient Group Total
High Medium Low

| |Complete Preserved LVEF | 12 (25%) 31 (66%) 4(9%) 47
revascularization

g | Complete Reduced LVEF 0 4(24%) 13 (76%) 17
revascularization

3 | Incomplete Preserved LVEF 4 (7%) 27 (40%) 35 (53%) 66
revascularization

4 |Incomplete Reduced LVEF 0 2 (6%) 30 (94%) 32
revascularization

Conclusion

Thus, BET during stress tests in patients with AMI after angioplasty and coronary artery
stenting differs depending on the completeness of revascularization and depends to a greater
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extent on the contractile function of the left ventricular myocardium, which is an important
functional indicator for choosing the intensity and duration of PT during personalized CR
at the inpatient stage. Knowledge of these differences will allow for early prediction of the
effectivenessofrehabilitationmeasuresandadifferentiated approachintheirimplementation.
A personalized approach based on clear clinical, laboratory, and instrumental data will
improve the cardiac rehabilitation system for patients after AMI in general.
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