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Abstract

Objective: to develop a method of physical training programs and select a physical cardiac rehabilitation program in case of severe coro-
nary heart disease (CHD). Materials and Methods: 370 men with CHD with an average age of 54,0 + 1,6 years were examined. 230 pa-
tients were divided into 8 groups, depending on the severity of the disease and the training mode. The complex physical rehabilitation
programs included controlled exercise on a cycle ergometer with low intensity using the developed method. The control group of 140
patients did not undergo the recommended programs of physical rehabilitation. All patients underwent cycle ergometry, electrocardiog-
raphy, echocardiography, blood pressure monitoring. The parameters of hemodynamics, tolerance to physical activity, lethality in the
first three years were studied. Results: Inclusion of controlled exercise in the program of cardiac rehabilitation with the low-intensity
cycle ergometer increased the maximum oxygen consumption by the myocardium, improved the cardiac contractile function and progno-
sis reducing the lethality during the first three years of observation. Combination of exercise of low and high intensity under rehabilita-
tion programs of patients with CHD is not appropriate due to the high risk of hypertensive reactions.

Conclusions: exercise using a cycle ergometer and the developed method can be used in patients with severe CHD at the hospital and
subsequent stages following hospital-based rehabilitation increasing the time but not the power of the exercise.

Early exercise activization by patients using the developed method reduces the time spent at the hospital. It is used to prevent hypokine-

sia complications.
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1. Introduction

Coronary heart disease (CHD) morbidity remains high including
people of productive age [1,2,3,4]. Significant parameters of tem-
porary and persistent disability make improvement of complex
physical rehabilitation programs involving physical training nec-
essary [5,6,7]. Optimal and individually adjusted physical activity
results in rare and weak angina attacks, improved tolerance to
physical activity, increase myocardial contractility, improve max-
imal oxygen uptake, contribute to tissue metabolism and normal-
ize the exchange rate of lipids [8,9,10,].

Physical activity is contraindicated in angina at rest, unstable an-
gina, aneurysm, low threshold of pain and other signs of severe
CHD. Physical rehabilitation often requires complex technical and
methodological support [11,12,13]. According to the above, the
pressing issue of modern cardiology includes searching new forms
of physical cardiac rehabilitation, which will be not just effective
but also safe for patients due to individually-based control of
physical activity depending on the disease severity and functional
state of the body. It is important that rehabilitation programs can
be implemented both in and out of hospitals [13-15,18-21].

2. Materials and Methods

Examination and treatment results of 370 men with CHD accom-
panied with exertional angina and post infarction cardiosclerosis
(mean age of 54.0+1.6 years) were analyzed. 230 patients whose
complex rehabilitation program included controlled exercise load
using on a cycle ergometer were distributed into 8 basic groups
(table 1, table 2) depending on t. The control group included 140
patients (table 3) who didn’t follow the recommended programs of
physical rehabilitation due to their social, domestic and psycho-
logical traits. Gender and age were comparable between the
groups. To participate in the programs of physical rehabilitation,
the patents were divided into conditionally ‘strong’ and ‘weak’
based on case history, clinical picture and load test results. History
of extensive or complicated myocardial infarction, depression of
ST for over 1 mm at the last load stage, systolic blood pressure
(SBP) less than 140 mm Hg at the last load stage or decreased
blood pressure by 10-15%, and power of the last load stage of less
than 600 kgm/min were selected as criteria for distributing into the
‘strong’ or ‘weak’ groups. When two or more above signs were
present, the patient was claimed ‘weak’ (I, II, IIL, IV groups), oth-
erwise he was ‘strong’(V, VI, VII, VIII groups) [16,17,18].

Table 1: Characteristics of ‘weak’ groups of patients with CHD

Parameter

Groups

| 1 11 [\

Number of patients

42 44 26 41

O
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Age. years 53.4+0.7 56.0+1.3 54.9+1.6 55.6+0.9
Disease duration. years 4.7+1.2 4.3+1.1 6.2+1.3 5.1+1.0
History of myocardial infarction (MI) (abs. %) including 25(59.5%) 22(50%) 12(46.2%) 21(51.3%)
Small-focal myocardial infarction
Over 1 Ml and/or cardiac aneurism 2(4.8%) 6(13.6) 4(15.4%) 12(29.3%)
9(21.4%) 3(6.9%) 3(11.5%) 2(4.8%)
Functional class (abs. %) 1 4(9.5%) 4(9.1%) 3(11.5%) 2(5%)
2 2(4.8%) 6(13.6%) 15(57.7%) 16(39%)
3 25(59.5%) 24(54.6%) 8(30.8%) 23(56%)
4 11(26.2%) 10(22.7%) 0(0%) 0(0%)
DP. max (double product) (prior to rehabilitation 234.049.6 220.0+9.7 232.0£12.3 245.049.2
Wmax kg m. /min. (prior to rehabilitation) 481.0+29.9 454.0+29.4 520.0£31.0 618.0+26.3
Depression of ST>1mmat the peak of load (abs. %) (prior to rehabili- 35(83%) 36(82%) 12(46.2%) 26(63.4%)
tation)
Number of exercises 27.0+£1.3 28.0+1.0 26.0+2.0 26.0+0.7
Table 2: Characteristics of ‘strong’ groups of patients with CHD
Parameter Groups
V VI VII VIl
Number of patients 15 23 26 13
Age. years 52.0£2.0 53.3+2.0 52.2+1.2 54.6+1.2
Disease duration. years 4.1+1.0 3.7£0.8 5.1+0.8 3.7£1.3
History of myocardial infarction (MI) (abs. %) including 3(20%) 5(21.7%) 11(42.3%) 2(15.4%)
Small-focal myocardial infarction
Over 1 Ml and/or cardiac aneurism 2(14%) 5(21.7%) 3(11.5%) 1(7.7%)
0(0%) 1(4.4%) 2(7.7%) 0(0%)
Functional class (abs. %) 1 8(53%) 9(39.1%) 9(34.6%) 9(69.2%)
2 6(40%) 13(56.5%) 10(38.5%) 4(30.8%)
3 1(7%) 1(4.4%) 7(26.9%) 0(0%)
4 0(0%) 0(0%) 0(0%) 0(0%)
DP. max (double product) (prior to rehabilitation 300.0£6.7 320.0+12.9 280.0+12.0 323.0+13.1
Wmax kg m. /min. (prior to rehabilitation) 626.0+33.0 791.0+38.7 672.0+35.5 712.0+49.0
Depression of ST>1mmat the peak of load (abs. %) (prior to rehabili- 6(40%) 2(8.8%) 5(19.2%) 2(15.4%)
tation)
Number of exercises 24.0+1.0 25.5+2.5 25.0+3.8 24.0£1.5
Table 3: Characteristics of the control group of patients with CHD
Number of patients 140
Age. years 54.0+1.6
Disease duration. years 4.8+0.8
Myocardial infarction (abs. %) Small-focal 34(24.3%)
Large-focal 27(19.3%)
Over 1 myocardial infarction and/or cardiac aneurysm 15(10.7%)
No myocardial infarction 64(45.7%)
Functional class (abs, %) 1 32(23%)
2 28(20%)
3 63(45%)
4 17(12%)
DP. max (double product) (prior to rehabilitation 271.0+10.6
Wmaxkgm. /min. (prior to rehabilitation) 620.0+32.0
Depression of ST>1mmat the peak of load (abs. %) (prior to rehabilitation) 42(30%)
Number of exercises No

Patients from the basic groups underwent an exercise tolerance
test prior to and after training, patients from the control group had
the test once. The double product (DP) which is the product of
heart rate (HR) and systolic blood pressure (SBP) (HR x
SBP/100), HR and SBP at maximum load (MHR and MSBP),
Wmax maximum load power (kgm/min) were analyzed. The men-
tioned parameters were registered and analyzed in incremental
cycle ergometer exercise in the sitting position: step duration is 5
min, rest pause duration is 5 min., 1 step power is 25 W with eve-
ry subsequent step increasing by 25 W whereas in patients of
functional classes 3 and 4 step 1 amounted to 10 W. The study
was terminated in case of pains, pronounced dyspnea, ST segment
depression of at least 1 mm and over, SBP decrease by 10-15%
from baseline and general fatigue. HR (beats per minute), BP (mm
Hg), 12-lead ECG were registered, and indicators of central he-
modynamics were determined at the peak of load, during every
minute of load and rehabilitation periods. Systolic volume (SV),
cardiac work (CW), total peripheral vascular resistance (TPVR),
mean blood pressure (MBP) as diastolic blood pressure plus 1/3 of
pulse pressure were calculated.

The left ventricular cavity was measured using echocardiography
in the supine position. End-systolic (ES) and end-diastolic (ED)
dimensions of the left ventricle and left ventricular AP diameter
shortening were determined.

Describing the developed method of low intensity training with
cycle ergometers. Patients received training with a cycle ergome-
ter in the supine position. Training load power was 90-120
kgm/min (15-20 W). Pedal rotation rate was 55-65 rotations per
minute. Pedal axis height above the couch level was 2/3 of the
entire femur length. Individual intensity of training load was de-
termined using the HR training range, which amounted to 50-60%
for low-intensity exercise using acycle ergometer. For high-
intensity exercise using a cycle ergometer, it was 75-85% of max-
imum HR determined on the individual basis according to the
result of ECG-controlled initial loading test. The training activity
included a warming up, basic part and warm-down.

5-minute warming-up was 60 kgm/min (10 W), 30-minute basic
part was 90-120 kgm/min (15-20 W), 5-minute warm-down took
place in the lack of resistance in pedaling. In any training regimen,
the total duration was 40 minutes.
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Characteristics of training regimen. Programs and regimen of

physical training are presented in Table 4.

Table 4: Physical exercise regimen in groups

Group Type of physical exercises Exercise intensity. Number of exercises
HR training range
‘Weak’ groups
| Low-intensity cycle exercise in the prone position 50-60% of HR max 3 times per week (every alternate
day)
I Low-intensity cycle exercise in the prone position 50-60% of HR max 6 times per week (daily and every
alternate day without an exercise)
11 Mixed cycle exercise in the prone position: 2 low-intensity 50-60% of HR max 3 times per week (every alternate
exercises and 1 high-intensity exercise 75-85% of HR max day)
\Y} Controlled walking Average walking rhythm Daily
(50-60) steps per minute
‘Strong’ groups
\ Low-intensity cycle exercise in the prone position 50-60% of HR max 3 times per week (every alternate
day)
VI High-intensity cycle exercise in sitting position 75-85% of HR max 3 times per week (every alternate
day)
Vil Mixed cycle exercise in the prone position: 50-60% of HR max 3 times per week (every alternate
2 low-intensity exercises 75-85% of HR max day)
1 high-intensity exercise
VIl Controlled walking Average walking rhythm Daily
(50-60) steps per minute

While training patients from groups | and Il (with more severe
clinical and functional condition), they used a developed method
of low intensity cycle training with the training range of 50-60%
of HR max in the supine position. Group | had training 3 times a
week every alternate day. Group Il had training 6 times a week.
Some patients with a very weak functional condition are given
supplementary doses higher than the maintenance dose if they
have cardiac pains during training.

‘Strong’ patients from group V had low-intensity cycle training
with the training range of 50-60% of HR maxin the supine posi-
tion every alternate day. The patients required no additional drug-
induced support of training load.

Patients from group IV with milder signs and higher tolerance to
physical load had an intense cycle training with the training range
of 75-85% of HR max 3 times a week every alternate day.

Groups 111 and VII had training 3 times per week every alternate
day such as two low intensity exercises with the training range of
50-60% of HR max and every third intense exercise with the train-

ing range of 75-85% of HR max. During the intense training,
some patients were given nitrates to improve load tolerance. Pa-
tients from group 111 with a more severe course of the disease and
‘weak’ functional condition needed it more frequently.

Groups IV and VIII had moderate (50-60 steps per minute) con-
trolled walking daily as a method of physical rehabilitation, the
exercise lasted 30 minutes [1]. During the study, the effectiveness
of the developed method of exercising using a cycle ergometer
with various intensities, structures and exercise frequency.

3. Results

Changes in measures based on the data of the final stress testing
are presented in table 5. Groups | and Il had similar and signifi-
cant increase of DP, MHR, whereas growth of peak systolic blood
pressure (MSBP) wasn’t statistically reliable.

Table 5: Dynamics of the parameters that characterize exercise tolerance

Group No. DP P MHR P MSBP (M+m) P Wkgm/min P
(M£m) (M£m) (M£m)

| 35.0+3.5 <0.01 14.0£2.5 <0.01 5.0£3.0 >0.05 162.0+14.3 <0.001

1 30.8+4.0 <0.01 11.6+1.6 <0.01 6.4+3.3 >0.05 135.0+£12.7 <0.001

11 33.448.3 <0.01 9.5+24 <0.05 11.6+4.0 <0.05 92.4+16.8 <0.01

[\ 2.2+6.4 >0.01 -0.1+2.2 >0.05 5.5+3.6 >0.05 5.9+17.9 >0.01

\ 38.7£7.8 <0.01 15.3+2.3 <0.01 5.3+3.3 >0.05 120.0+36.2 <0.01

VI 14.0+8.5 >0.01 6.0+3.0 >0.05 -2.6+2.8 >0.05 96.0+13.2 <0.01
VIl 33.3+7.8 <0.01 8.3+2.6 <0.05 11.445.1 <0.05 104.9+15.6 <0.01
VIII -29.8+16.5 >0.01 -7.5+£3.8 >0.05 -10.3+6.6 >0.05 23.0£23.0 >0.01

Notice: P — Student's t-test confidence

In Group I, growth of DP and Wmax was similar to one in
Groups | and 11, whereas growth of MHR was less and MSBP was
higher than in groups | and Il. Thus, when using the method of
low-intensity exercise using a cycle ergometer, the DP growth was
due to improved MSBP values. When using the mixed method,
Group 111 had improved MHR and MSBP (2 low-intensity train-
ings and 1 high-intensity training). It must be noted that during the
initial load test the rate of found hypertensive reactions to physical
load in Groups I, Il and 11l was 40%, it dropped to 9% after a
number of exercises in Groups | and Il, and amounted to 19% in
Group I11.

A higher percentage of hypertensive reactions in group Il was
associated with the inclusion of highly intense exercises resulting
in the growth of MSBP.

No significant changes in measures were seen in group IV en-
gaged in terrenkur. Slight positive trend was seen in some patients
without ST segment depression at the peak of the initial loading
test whereas patients with ST segment depression had more fre-
guent worsening both in the clinical and functional condition.

A significant growth of DP, MHR, W max was seen in patients
from functionally ‘strong’ group V engaged in low-intensity exer-
cise, whereas changes in the MSBP was insignificant. Group IV
had a significant growth of Wmax without dynamics of DP, MHR
and MSBP. Groups VII faced a significant increase of DP, MHR,
MSBP. As compared with group 11, who followed the same pro-
gram, but had significantly more severe clinical and functional
condition prior to the training, no difference in the change of the
analyzed parameters was found. The frequency and change in the
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rate of load hypertension reactions was comparable between
groups V, VIl and I, 11, I1I.

In group VIII, they had an inaccurate negative dynamic of DP,
MHR, MSBP; Wmax had no dynamics. No difference was found
in the change of the analyzed parameters among groups IV and
VII1. However, the difference between clinical and functional state
was significant and accurate prior to training.
Echocardiography-based study results. There was no echocardi-
ography-based difference between the analyzed parameters among
different groups prior to training. Thus, in the examined groups,
echocardiographic parameters at rest didn’t display the functional
condition of patients. Comparison of the change in echocardio-
graphic parameters among groups prior to and following training
reveals as follows. The functionally ‘weak’ groups (I, II, III, IV)
had a significant decrease of EDD by 0.24+0,08; p<0.01 and a
significant decrease of ESD by 0.56+0.1; p<0.00. It indicates bet-
ter contractility of left ventricular myocardium as its size decreas-
es.

The functionally ‘strong’ groups (V to VIII) had increased EDD
(0.17+0.9; p<0.1) with an insignificant change of ESD (0.02+0,16;
p>0,05). No significant change was found in group VI with in-
tense training. Training of low and high intensity combined
(groups III and VII) resulted in positive dynamics in ‘strong’
group VII only. During the 1%t year of observation, lethality was
2% in all basic groups of patients using the method and 7.9% in
the control group (p<0.05). During two years of observation, le-
thality was 4% in all basic groups of patients using the method
and 15% in the control group (p<0.05).

4. Discussion and Conclusion

The proposed method of training using low-intensity cycle ergom-
eter in the supine position improved the functional reserves of the
cardiovascular system against the background of maximum per-
formed capacity.

This effect depended not on the initial functional condition of a
patient (groups | and V). It also depended on the total number of
procedures but not on their rate. Having training every day (group
I) and three times a day (groups | and IV) produced a similar
effect in a similar total number of procedures. Thus, this method
can be used in hospitals and health camps.

No significant change of the parameters was found in patients
from the functionally weak group IV who had controlled walking.
Results for patients from group V11 with decreased parameters of
MHR, MSBP and DP against the background of practically not
changed maximal capacity display economization of cardiac activ-
ity in the ‘strong’ group.

The rationale for combination of low-intensity and high-intensity
exercises was examined in groups 111 and VI1I. Though the combi-
nation leads to the growth of DP and Wmay, it is often the reason
for the hypertensive reaction to the exercise which is an unfavour-
able sign.

Examination of the analyzed parameters for patients from group
VI with a good functional condition who had high-intensity exer-
cise using a cycle ergometer in the sitting position shows that the
parameters of MHR, MSBP, DP are increased against the back-
ground of improved maximum load capacity. Thus, the myocardi-
al contractility is improved in the lack of cardiac activity econo-
mization [16,17,18].

In our opinion, decreased lethality following training of low inten-
sity is due to improved myocardial contractility against the back-
ground of increasing functional reserves of the cardiovascular
system.

5. Conclusion

controlled physical exercises belong to an important component of
cardiac rehabilitation programs in CDH;

Controlled low-intensity exercises using a cycle ergometer and the
developed method in patients with CDH increase the myocardial
contractility and improve the disease prognosis reducing lethality
during the first three years of observation; low-intensity exercises
using a cycle ergometer can be used in patients with severe signs
of CDH;

combination of low-intensity and high-intensity exercises using a
cycle ergometer in the rehabilitation programs of patients with
CDH is unnecessary due to the high risk of hypertension and lack
of positive influence on the prognosis; controlled walking im-
proves economic efficiency of the cardiovascular system without a
significant increase of the myocardial contractility.

Early load activization of patients using a cycle ergometer and
developed method reduces the period of stay at a hospital. It pre-
vents hypokinesia complications and promotes faster rehabilita-
tion.

References

[1] Aronov D.M., Bubnova M.G., loseliani D.G., Krasnitsky V.B.,
Shovkun T.V., Novikova N.K., Yarnykh E.V.The Complex Pro-
gram of Rehabilitation of Patients With Ischemic Heart Disease Af-
ter Coronary Artery Bypass Surgery in Ambulatory Cardiorehabili-
tation Department: Clinical Effects of Third Stage of Rehabilitation.
// Kardiologiya. 2017. T.57. Ne3. P.10-19. (in Russian)
DOI: 10.18565/cardio.2017.3.10-19

[2] Puzin S.N., Achkasov E.E., Bogova O.T., Mashkovsky E.V. Cardi-
ovascular system diseases in professional athletes. // Medico-Social
Expert Evaluation and Rehabilitation. 2012. Ne3. P.55-57.(in Rus-
sian)

[3] Tancyreva LV., VolkovakE.G., Levashov S.Yu., Sha-
murovaYu.Yu.Modeling of the 10-year survival of men 60 years
and older, with ischemic heart disease.//Cardiovascular Therapy
and Prevention. 2015. T.14. Ne4. P.22-28.(in Russian)DOI:
http://dx.doi.org/10.15829/1728-8800-2015-4-22-28

[4] Benzer W., Rauch B., Schmid J.P. et al. Differences in Characteris-
tics of Patients Referred to Cardiac Rehabilitation in European
Countries. // European Journal of Preventive Cardiology 2013; 20:
S1—S154

[5] Kristensen S, Laut KG, Fajadet J et al. Reperfusion therapy for ST
elevation acute myocardial infarction 2010/2011: current status in
37 ESC countries. // Eur Heart J 2014; 35: 1957-70

[6] Sokolova N.Yu., Golukhova E.Z., Shumkov K.V., Kuznetsova E.V.
Analysis of long term results of myocardial revascularization in pa-
tients with stable ischemic heart disease with a high level of treat-
ment adherence. // Cardiovascular Therapy and Prevention. 2017.
T.16. No4., P.25-30.(in Russian)DOI:
http://dx.doi.org/10.15829/1728-8800-2017-4-25-30

[7] Mashkovskiy E.V., Bogova O.T., Achkasov E.E., Puzin S.N.
Sjoderkholm L.A.Influence of sports history on the clinical and
echocardiographic features course of coronary heart disease./
Sports medicine: research and practice: research and practical jour-
nal. 2013. Ne2. P.41-44 (in Russian)

[8] Benzer W, Rauch B, Schmid JP, Zwisler AD, Dendale P, Davos
CH, et al. Exercise-based cardiac rehabilitation in twelve European
countries results of the European cardiac rehabilitation registry. In-
ternational journal of cardiology. 228 (2016)58-67. pmid:27863363

[9] Karmali KN, Davies P, Taylor F, Beswick A, Martin N, Ebrahim S.
Promoting patient uptake and adherence in cardiac rehabilitation. //
Cochrane Database Syst Rev. 2014 Jun 25;(6):CD007131.
DOI: 10.1002/14651858.CD007131.pub3

[10] Volodina K.A., Linchak R.M., Achkasov E.E., Alaeva E.N., Thay
N.V., Kopytov D.V. Effektivnost skandinavskoy hodby u pa-
zhientov, pereneschsih ostriy koronarniy sindrom. // Cardiosomat-
ics. 2017. T.8. Nel. P.20. (in Russian)

[11] Arutyunov G.P.:, Kolesnikova E.A.l, Begrambekova Yu. L.et al.
Exercise training in chronic heart failure: practical guidance of the
Russian Heart Failure Society. // Russian Heart Failure Journal.
2017. T.18. Nel. P.41-66. (in Rus-
sian) DOI: 10.18087/rhfj.2017.1.2339

[12] Rauch B, Davos CH, Doherty P, Saure D, Metzendorf MI, Salz-
wedel A, Voller H, Jensen K, Schmid JP. The prognostic effect of
cardiac rehabilitation in the era of acute revascularization and statin
therapy: A systematic review and meta-analysis of randomized and
non-randomized studies — The Cardiac Rehabilitation Outcome


https://elibrary.ru/author_items.asp?authorid=664943
https://elibrary.ru/author_items.asp?authorid=664943
https://elibrary.ru/author_items.asp?authorid=580467
https://elibrary.ru/author_items.asp?authorid=580467
https://elibrary.ru/author_items.asp?authorid=628719
https://elibrary.ru/author_items.asp?authorid=628719
https://elibrary.ru/author_items.asp?authorid=665299
https://elibrary.ru/author_items.asp?authorid=665299
https://elibrary.ru/author_items.asp?authorid=718158
https://elibrary.ru/author_items.asp?authorid=718158
https://elibrary.ru/author_items.asp?authorid=489895
https://elibrary.ru/author_items.asp?authorid=489895
https://doi.org/10.18565/cardio.2017.3.10-19
https://doi.org/10.18565/cardio.2017.3.10-19
https://elibrary.ru/author_items.asp?authorid=416521
https://elibrary.ru/author_items.asp?authorid=416521
https://elibrary.ru/author_items.asp?authorid=661917
https://elibrary.ru/author_items.asp?authorid=661917
https://elibrary.ru/author_items.asp?authorid=750155
https://elibrary.ru/author_items.asp?authorid=750155
https://elibrary.ru/author_items.asp?authorid=678386
https://elibrary.ru/author_items.asp?authorid=678386
https://elibrary.ru/contents.asp?issueid=1104873&selid=18748778
https://elibrary.ru/contents.asp?issueid=1104873&selid=18748778
http://cardiovascular.elpub.ru/index.php/jour/search?authors=I.%20V.%20Tancyreva
http://cardiovascular.elpub.ru/index.php/jour/search?authors=I.%20V.%20Tancyreva
http://cardiovascular.elpub.ru/index.php/jour/search?authors=E.%20G.%20Volkova
http://cardiovascular.elpub.ru/index.php/jour/search?authors=E.%20G.%20Volkova
http://cardiovascular.elpub.ru/index.php/jour/search?authors=S.%20Yu.%20Levashov
http://cardiovascular.elpub.ru/index.php/jour/search?authors=S.%20Yu.%20Levashov
http://cardiovascular.elpub.ru/index.php/jour/search?authors=Yu.%20Yu.%20Shamurova
http://cardiovascular.elpub.ru/index.php/jour/search?authors=Yu.%20Yu.%20Shamurova
http://cardiovascular.elpub.ru/index.php/jour/search?authors=Yu.%20Yu.%20Shamurova
http://cardiovascular.elpub.ru/index.php/jour/search?authors=Yu.%20Yu.%20Shamurova
http://dx.doi.org/10.15829/1728-8800-2015-4-22-28
http://dx.doi.org/10.15829/1728-8800-2015-4-22-28
http://cardiovascular.elpub.ru/index.php/jour/search?authors=N.%20Yu.%20Sokolova
http://cardiovascular.elpub.ru/index.php/jour/search?authors=N.%20Yu.%20Sokolova
http://cardiovascular.elpub.ru/index.php/jour/search?authors=E.%20Z.%20Golukhova
http://cardiovascular.elpub.ru/index.php/jour/search?authors=E.%20Z.%20Golukhova
http://cardiovascular.elpub.ru/index.php/jour/search?authors=K.%20V.%20Shumkov
http://cardiovascular.elpub.ru/index.php/jour/search?authors=K.%20V.%20Shumkov
http://cardiovascular.elpub.ru/index.php/jour/search?authors=E.%20V.%20Kuznetsova
http://cardiovascular.elpub.ru/index.php/jour/search?authors=E.%20V.%20Kuznetsova
http://cardiovascular.elpub.ru/jour/article/view/508
http://cardiovascular.elpub.ru/jour/article/view/508
http://cardiovascular.elpub.ru/jour/article/view/508
http://cardiovascular.elpub.ru/jour/article/view/508
http://cardiovascular.elpub.ru/jour/article/view/508
http://cardiovascular.elpub.ru/jour/article/view/508
http://dx.doi.org/10.15829/1728-8800-2017-4-25-30
http://dx.doi.org/10.15829/1728-8800-2017-4-25-30
https://elibrary.ru/contents.asp?issueid=1237773&selid=21091220
https://elibrary.ru/contents.asp?issueid=1237773&selid=21091220
https://www.ncbi.nlm.nih.gov/pubmed/24963623
https://www.ncbi.nlm.nih.gov/pubmed/24963623
https://elibrary.ru/item.asp?id=30077807
https://elibrary.ru/item.asp?id=30077807
https://elibrary.ru/item.asp?id=30077807
https://elibrary.ru/item.asp?id=30077807
https://elibrary.ru/contents.asp?issueid=1893840&selid=30077807
https://elibrary.ru/contents.asp?issueid=1893840&selid=30077807
https://elibrary.ru/author_items.asp?authorid=262784
https://elibrary.ru/author_items.asp?authorid=262784
https://elibrary.ru/author_items.asp?authorid=661836
https://elibrary.ru/author_items.asp?authorid=661836
https://elibrary.ru/author_items.asp?authorid=769401
https://elibrary.ru/author_items.asp?authorid=769401
https://elibrary.ru/contents.asp?issueid=1818989&selid=28872674
https://elibrary.ru/contents.asp?issueid=1818989&selid=28872674
https://doi.org/10.18087/rhfj.2017.1.2339
https://doi.org/10.18087/rhfj.2017.1.2339
https://www.ncbi.nlm.nih.gov/pubmed/?term=V%C3%B6ller%20H%5BAuthor%5D&cauthor=true&cauthor_uid=27777324
https://www.ncbi.nlm.nih.gov/pubmed/?term=V%C3%B6ller%20H%5BAuthor%5D&cauthor=true&cauthor_uid=27777324
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jensen%20K%5BAuthor%5D&cauthor=true&cauthor_uid=27777324
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jensen%20K%5BAuthor%5D&cauthor=true&cauthor_uid=27777324
https://www.ncbi.nlm.nih.gov/pubmed/?term=Schmid%20JP%5BAuthor%5D&cauthor=true&cauthor_uid=27777324
https://www.ncbi.nlm.nih.gov/pubmed/?term=Schmid%20JP%5BAuthor%5D&cauthor=true&cauthor_uid=27777324

634

International Journal of Engineering & Technology

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

Study (CROS). // Eur J Prev Cardiol. 2016 Dec;23(18):1914-1939.
DOI: 10.1177/2047487316671181

Coll-Fernandez R, Coll R, Pascual T, Sanchez Munoz-Torrero JF,
Sahuquillo JC, Manzano L, et al. Cardiac rehabilitation and out-
come in stable outpatients with recent myocardial infarction. // Ar-
chives of physical medicine and rehabilitation. Vol. 95, Issue 2,

February 2014, P. 322-329. DOI: i.org/10.1016/j.apmr.2013.09.020.

pmid:24121084

Achkasov E.E., Mashkovskiy E.V., Bogova O.T., Puzin S.N., Sul-
tanova O.A.Cardiac remodeling associated with ischemic heart dis-
ease in patients with a history of previous sports activities. // Medi-
co-Social Expert Evaluation and Rehabilitation. 2013. Ne4. P.10-
14.(in Russian)

Volodina K.A., Linchak R.M., Achkasov E.E., Alaeva E.N.,
Runenko S.D., Kurbakova E.V. The history of cardiorehabilitation:
from a strict 2-month bed rest to scandinavian walking. // Cardio-
vascular Therapy and Prevention. 2017. T.16. Ne4. P.100-105. (in
Russian) DOI: http://dx.doi.org/10.15829/1728-8800-2017-4-100-
105

Achkasov, E.E., Razina, A.O., Runenko, S.D., Sultanova, O.A.
(2015). Health and training programs with increased motivation in
obese patients. Sports Medicine: Research and Practice, 4(21), 70-
77.1SSN: 2223-2524

Fletcher, G.F., Ades Ph.A., Kligfield, P. et al. (2013). Exercise
Standards for Testing and Training: A Scientific Statement From
the American Heart Association. Circulation, 128, 873-934. 8.
ISSN: 1524-4539 DOI: 10.1161/CIR.0b013e31829b5b44

Karpman, V.L., Belotserkovskiy, Z.B., Gudkov, I.A. (1988). Test-
ing in sports medicine. M.: PT and sport, 208. ISBN 5-278-00004-
X.

Aronov DM, Bubnova MG, Ivanova GE. The organizational bases
of cardiac rehabilitation in Russia: present-day stage. CardioSomat-
ic 2012; 4: 5-11. Russian (Apouos /.M., By6Hnoa M.T'., saHoBa
T.E. OpraHu3aoHHbIC OCHOBBI KapHOJIOTUIECKOH
peaﬁHJ’IMTaLII/IM B Poccun COBpeMeHHBIfI JTartl. KapZ[I/IOCOMaTI/[Ka
2012; 4: 5-11).

Allman KC, Shaw LJ, Hachamovitch R, et al. Myocardial viability
testing and impact of revascularization on prognosis in patients
with coronary artery disease and left ventricular dysfunction: a me-
ta-analysis. JACC 2002; 39: 1151-8.

Wijns W, Kolh P, Danchin N, et al. Guidelines on myocardial re-
vascularization. ESC / EACTS Guidelines. Eur Heart J 2010; 31:
2501-55.


https://www.ncbi.nlm.nih.gov/pubmed/27777324
https://www.ncbi.nlm.nih.gov/pubmed/27777324
https://www.sciencedirect.com/science/journal/00039993/95/2
https://www.sciencedirect.com/science/journal/00039993/95/2
https://doi.org/10.1016/j.apmr.2013.09.020
https://doi.org/10.1016/j.apmr.2013.09.020
https://elibrary.ru/author_items.asp?authorid=661917
https://elibrary.ru/author_items.asp?authorid=661917
https://elibrary.ru/author_items.asp?authorid=678386
https://elibrary.ru/author_items.asp?authorid=678386
https://elibrary.ru/author_items.asp?authorid=750155
https://elibrary.ru/author_items.asp?authorid=750155
https://elibrary.ru/author_items.asp?authorid=416521
https://elibrary.ru/author_items.asp?authorid=416521
https://elibrary.ru/author_items.asp?authorid=683153
https://elibrary.ru/author_items.asp?authorid=683153
https://elibrary.ru/author_items.asp?authorid=683153
https://elibrary.ru/author_items.asp?authorid=683153
https://elibrary.ru/contents.asp?issueid=1241190&selid=21153573
https://elibrary.ru/contents.asp?issueid=1241190&selid=21153573
http://cardiovascular.elpub.ru/index.php/jour/search?authors=K.%20A.%20Volodina
http://cardiovascular.elpub.ru/index.php/jour/search?authors=K.%20A.%20Volodina
http://cardiovascular.elpub.ru/index.php/jour/search?authors=R.%20M.%20Linchak
http://cardiovascular.elpub.ru/index.php/jour/search?authors=R.%20M.%20Linchak
http://cardiovascular.elpub.ru/index.php/jour/search?authors=E.%20E.%20Achkasov
http://cardiovascular.elpub.ru/index.php/jour/search?authors=E.%20E.%20Achkasov
http://cardiovascular.elpub.ru/index.php/jour/search?authors=E.%20N.%20Alaeva
http://cardiovascular.elpub.ru/index.php/jour/search?authors=E.%20N.%20Alaeva
http://cardiovascular.elpub.ru/index.php/jour/search?authors=S.%20D.%20Runenko
http://cardiovascular.elpub.ru/index.php/jour/search?authors=S.%20D.%20Runenko
http://cardiovascular.elpub.ru/index.php/jour/search?authors=S.%20D.%20Runenko
http://cardiovascular.elpub.ru/index.php/jour/search?authors=S.%20D.%20Runenko
http://cardiovascular.elpub.ru/index.php/jour/search?authors=E.%20V.%20Kurbakova
http://cardiovascular.elpub.ru/index.php/jour/search?authors=E.%20V.%20Kurbakova
http://cardiovascular.elpub.ru/jour/article/view/624
http://cardiovascular.elpub.ru/jour/article/view/624
http://cardiovascular.elpub.ru/jour/article/view/624
http://cardiovascular.elpub.ru/jour/article/view/624
https://elibrary.ru/contents.asp?issueid=1890242&selid=29991947
https://elibrary.ru/contents.asp?issueid=1890242&selid=29991947
http://dx.doi.org/10.15829/1728-8800-2017-4-100-105
http://dx.doi.org/10.15829/1728-8800-2017-4-100-105
http://dx.doi.org/10.15829/1728-8800-2017-4-100-105
http://dx.doi.org/10.15829/1728-8800-2017-4-100-105

