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	 The development of coronary atherosclerosis leads to the formation of coronary 
heart disease, which threatens early death or disability.  Such patients need a shunt operation 
to restore blood flow in the vessels of the heart.  After this operation, patients need complex 
rehabilitation, which has strict stages.  To expand the physical activity of patients after 
coronary bypass grafting, a system of motor activity consisting of 7 steps is used, modified 
for use in Russian clinical conditions for the rehabilitation of patients after shunting of blood 
vessels supplying the myocardium.  This technique involves the use of seven stages of motor 
activation of patients, through the use of complexes of medical-physical culture with a gradual 
strengthening of gymnastic exercises, through the use of training using exercise bikes and dosed 
walking in open areas, built on the principle of “from simple to more complex.”  The first two 
stages of motor activation are applicable to patients immediately after coronary artery bypass 
grafting at the stationary stage; 3-5 stages of motor activation are physiologically justified for 
in-patient rehabilitation; the 6-7 steps of motor activation are applicable to patients on outpatient 
rehabilitation.
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	 After undergoing cardiac surgery, some 
features are observed in patients that should be 
taken into account when forming a rehabilitation 
program1.  This is due to the frequent use of 
cardiopulmonary bypass during the operation 
and the presence of severe perioperative psycho 

emotional stress2,3.  In addition, for patients 
with a cardiac surgical profile, “syndrome 
complexes” are very characteristic: cardiac, 
poststernotomy, respiratory, hemorheological with 
impaired microcirculation, psychopathological, 
hypodynamic, metabolic and postphlebectomy, 
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which should always be taken into account when 
forming a program of rehabilitation measures4,5.
	 The main points in the rehabilitation 
of patients after coronary artery bypass grafting 
are staging and continuity.  To expand the patient 
regimen after coronary bypass surgery, a system of 
gradual expansion of motor activity, consisting of 
7 stages, is used.  It is currently modified for the 
rehabilitation of patients after ischemic myocardial 
infarction in Russian clinical conditions6.  This 
program is based on the early activation of cardiac 
patients and the rapid expansion of their physical 
activity.  It provides for the use throughout all seven 
stages of motor activation of patients, complexes 
of therapeutic physical culture with a gradual 
increase in physical exertion with the transition 
at the III stage of rehabilitation to training using 
exercise bikes and dosed walking in open areas7.  
All classes are built on the principle of “from 
simple to more complex.”  The first two stages of 
motor activation are used in patients immediately 
after coronary artery bypass grafting at stage I 
(stationary);  3-5 stages of motor activation are 
realized during a stay in a rehabilitation hospital 
(stage II; in-patient rehabilitation);  6–7th stage of 
motor activation during outpatient rehabilitation 
(stage III rehabilitation)8.
	 Purpose: to consider the physiological 
basis of the rehabilitation process after coronary 
artery bypass grafting.
	 The first stage of motor activation of the 
first stage of patient rehabilitation in the intensive 
care unit, with an uncomplicated postoperative 
period, should begin immediately after extubation.  
The first stage covers the period of stay of the 
patient on bed rest.  Physical activity is allowed 
after the elimination of pain and usually begins 
after 1 day.  The first 12 hours after surgery, the 
patient is in strict bed rest with a raised head end.  It 
is fully serviced by medical staff (including passive 
turns to the side).  12-24 hours after surgery (bed 
rest), sitting in bed 2-3 times a day with the help of 
medical staff, washing, brushing, shaving, sitting 
on the bed, active turns on the side are allowed.  
From the second day after the operation, the 
second stage of rehabilitation begins, the patient 
performs physical therapy in a gentle mode with an 
emphasis mainly on breathing exercises.  Due to the 
post-sternotomy syndrome, patients have reduced 

respiratory function, decreased lung volume 
and there is a risk of pulmonary complications 
[9].  Of the methods of general exposure at this 
time, they use bioresonance therapy, aerotherapy, 
electrophoresis to heal a postoperative wound.  
For local exposure, inhalation through a nebulizer 
is used (mucolytics, bronchodilators, furacilin).  
The course duration is 7–10 days with a further 
transition to the next stage of rehabilitation 
treatment (stage II)10,11.
	 A patient is considered ready for an 
expansion of motor activity if the heart rate rises, 
when the therapeutic load is performed by no 
more than 20 beats / min, and blood pressure - by 
10–40 mm  Hg, in the absence of new changes 
on the electrocardiogram, clinical symptoms of 
myocardial ischemia or heart failure12.  At this stage, 
there is a further expansion of motor activity and 
complexes of medical-physical culture gradually 
increasing in intensity are prescribed to patients.  
Before discharge from the hospital, the patient 
should conduct several trainings on simulators 
(exercise bike, treadmill).  The load when using 
this equipment in the first 2-3 approaches should 
be minimal, up to the “idle speed”.  In the first 2-3 
classes, patients master the very idea of   training 
on simulators and are accustomed to dealing with 
them.  They should realize that, despite the disease, 
they begin a new stage in their life - the stage 
of preventing physical inactivity by increasing 
household physical activity13,14 (Figure 1).
	 Contraindications to active physical 
rehabilitation (starting from the second stage of 
motor activity) of patients after coronary artery 
bypass grafting are: acute coronary syndrome, 
chronic heart failure of the IV functional 
class, ventricular extrasystoles, paroxysmal 
tachyarrhythmias that occur during physical 
exertion (sinoatrial and atrioventricular block 
2–3  degrees), stable arterial hypertension or a 
hypertonic reaction to physical activity with an 
increase in systolic blood pressure> 180 mm 
Hg, diastolic blood pressure> 100 mm Hg.  Art., 
unchanged by optimal antihypertensive therapy, 
decreased systolic blood pressure eH 20 mm 
Hg  during exercise, severe aortic stenosis, acute 
pericarditis, myocarditis, uncontrolled diabetes 
mellitus, thromboembolism or thrombophlebitis 
(up to 3 months), acute cerebrovascular accident 
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Fig. 1. Lesson on an exercise bike 
(https://mforum.com.au/wp-content/uploads/2019/09/050919-exercise-rehab-cycle-old-man.jpg)

Fig. 2. Group exercise physical therapy 
(http://satori34.ru/wp-content/uploads/2019/02/rhuEFyAhqY.jpg)

or transient ischemic attack (up to 3 months), 
acute infectious disease, bleeding,  increased body 
temperature, severe diastasis of the sternum15,16.
	 The second stage of recovery of patients 
who underwent coronary artery bypass grafting 
takes place in a rehabilitation center. As a rule, it 
begins from 7-10 days after surgery.  Intravenous 
laser therapy or intravenous ozone therapy 
or bioresonance therapy or aerophytotherapy 
are added to the general exposure methods.  
Of the methods of local exposure, peripheral 

classical therapeutic massage, massage in the 
electric field of the cervical-collar region, low-
intensity laser radiation on the heart region and 
postoperative scars, peripheral magnetotherapy, 
ultraphonophoresis are used17.  The duration of 
the course is 10-15 days before moving to the next 
stage of rehabilitation treatment.  On the 6-7th day 
after surgery, the patient is transferred to the free 
mode of the III stage of motor activity.  Before 
discharge from the hospital, the patient’s exercise 
tolerance is determined using a bicycle ergometry 
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test or treadmill ergometry, a 6-minute walk test, 
and in some patients, radioisotope scintigraphy 
visualizing myocardial perfusion18,19.
	 The third stage of motor activation 
provides the patient with significant independence 
in everyday life in the second half of his stay in a 
rehabilitation hospital.  Physiotherapy is carried 
out in a sitting and standing position.  The patient 
is allowed dosed walking and regular walks in the 
hospital, communication with visitors and other 
activity not physically difficult.  After 7-10 days 
in a rehabilitation hospital and with a satisfactory 
reaction of the patient’s body to an expansion of 
activity within the third stage of muscle loads, it 
is transferred to the fourth stage20,21.
	 At the fourth stage of motor activation, 
a load complex of medical-physical culture is 
performed in a group way.  Patients are allowed to 
enter the hospital for walking and dosed walking 
to perform a complex of physiotherapy in the open 
air.  During walks, the pace of walking is allowed 
arbitrary, slow, with stops at will.  Training walking 
outside the hospital is carried out at a distance of 
300–500 m with a walking pace of 70–80 steps 
in 1 min.  Learning to climb stairs by 1-2 flights 
of stairs is carried out under the supervision of a 
methodologist of physiotherapy.  The stairs will 
be repeated in 5-10 minutes.  Household walking 
is allowed at a slower pace (60–70 steps in 1 min, 
to a distance of 1 km in 2-3 receptions)22,23 (Figure 
2).
	 The fifth step of motor activity involves 
free walks of 30–40 min outside the hospital 
premises, climbing stairs 1-2 floors training 
walking to a distance of 1000 m, at a pace of 80 
steps in 1 min with the gradual development of 
a training walk, at a pace of up to 100 steps  in 1 
minute.  Then the patient is discharged and sent 
to continue the rehabilitation in the clinic.  It is 
recommended that the patient perform cardio 
training on power and cyclic simulators in the mode 
of stepwise increasing physical activity.  General 
exposure methods are allowed - interval hypoxic 
training, complex halotherapy, dry carbon dioxide 
baths, bioresonance therapy, aeroionotherapy, 
aerophytotherapy.  Of the methods of local 
exposure, classic therapeutic back massage is used 
according to the gentle method, massage in the 
electrostatic field of the front surface of the chest, 
low-intensity laser radiation on the heart24,25.

	 The outpat ient  s tage of  cardiac 
rehabilitation conditionally provides for early 
and late sub-stages.  An early sub-stage takes 
place with the active participation and frequent 
visits of patients to the clinic.  The main task of 
the early sub-stage of outpatient rehabilitation 
is to gradually increase the level of the patient’s 
functional capabilities, his physical performance, 
improvement of his psychological status and 
preparation of the patient to return to professional 
activity.  The program includes counseling on 
anti-atherosclerotic nutrition, control of blood 
lipid composition, body weight, blood pressure.  
In addition to the cardiologist, physiotherapist, 
the role of a social worker, possibly a home nurse, 
is important in this phase.  The implementation 
of programs for the early sub-stage of outpatient 
cardiac rehabilitation is a key factor in the 
successful rehabilitation of the patient after 
coronary artery bypass grafting.  Patients continue 
to perform cardio training on power and cyclic 
simulators in the mode of dosed incrementally 
increasing physical activity26,27.
	 Late sub-step outpatient rehabilitation 
after coronary artery bypass grafting, continues 
to the end of the 1st year after surgery. It begins 
after the programs for early sub-steps of outpatient 
rehabilitation, but no later than the end of the 4th 
month after surgery. The patient remains under 
observation, but visits the clinic routinely 1 time in 
3 months. for the final verification and correction 
of medical recommendations [28]. 
	 Physical rehabilitation of patients 
undergoing coronary artery bypass grafting is a 
complex, well-designed complex of recreational 
activities. However, its efficiency is not always 
high. For this reason, more research is needed to 
increase the effectiveness of the system of physical 
rehabilitation of patients undergoing coronary 
artery bypass grafting.

Conclusion

	 The basis of rehabilitation of patients after 
coronary artery bypass grafting, is the phasing 
and continuity. To expand the physical activity 
of patients after coronary artery bypass grafting 
using the system of motor activity, consisting of 7 
steps, modified for use in Russian clinical setting 
with the aim of rehabilitation of patients after 
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shunt surgery on the myocardium. This technique 
involves the use of seven stages of motor activity of 
patients, due to the use of complexes of therapeutic 
physical culture with the gradual strengthening 
gymnastic exercises, through the use of your 
workouts using exercise bikes and dosed walking 
in the open countryside, built on the principle 
“from simple to more complex.” The first two 
stages of motor activation are applicable to patients 
immediately after coronary artery bypass surgery 
at a hospital stage; 3-5 stages of motor activation is 
physiologically justified for inpatient rehabilitation; 
6-7 stages of motor activation applicable to patients 
undergoing outpatient rehabilitation.
Conflict of interest
	 No conflict of interest is declared.
Sources of financing
	 The study was conducted at the expense 
of the authors.
Ethics Committee Resolution
	 The study was approved by the local ethics 
committee of the Russian State Social University 
on September 15, 2018 (protocol ¹11).

Acknowledgement

	 The team of  authors  thanks the 
administration of the Russian State Social 
University for the opportunity to conduct research 
on its basis.

References

1.	 Avaliani, V.M., Chernov, I.I., Shonbin, A.N. 
Coronary surgery for multifocal atherosclerosis.  
Moscow: Academy, 384: (2005)

2.	 Akchurin, R.S., Chazova, E.I.  Diseases of the 
heart and blood vessels.  Moscow: Medicine, 
350: (2009)

3.	 Medvedev, I.N. TheImpactofDurable and 
Regular Training in Handto-hand Fighting 
Section on Aggregative Platelet Activity of 
Persons at the First Mature Age.Annual Research 
& Review in Biology, 15(2): 1-6. DOI: 10.9734/
ARRB/2017/35048 (2017)

4.	 Eremushkin, M.A.  The basics of rehabilitation.  
Moscow: Academy, 208: (2011)

5.	 Medvedev, I.N., Skoriatina, I.A. Dynamics 
of microrheologic properties of erythrocytes 
in patients with arterial hypertension and 
dyslipidemia treated with atorvastatin.
Klinicheskaiameditsina, 90(6) :42-45. (2012)

6.	 Bockeria, L.A.  Current trends in the development 
of cardiovascular surgery.  Thoracic and 
Cardiovascular Surgery, 1: 45-51. (2013)

7.	 Medvedev, I.N.Place and Possibilities of the 
Robotic System Lokomat in the Rehabilitation 
of Patients after Ischemic Stroke. Biomedical & 
Pharmacology Journal, 12(1): 131-140. http://
dx.doi.org/10.13005/bpj/1621 (2019)

8.	 Klein, L.W., Edwards, F.H., DeLong, E.R. 
et al. ASCERT: the American College of 
Cardiology Foundation – the Society of Thoracic 
Surgeons Collaboration on the comparative 
effectiveness of revascularization strategies. 
JACC CardiovascInterv,3(1): 124-126. (2010)

9.	 Alexandrov, V.V., Algazin, A.I. Fundamentals 
of restorative medicine and physiotherapy.  
Moscow: GEOTAR-Media, 144.(2009)

10.	 Galtseva, N.V. Rehabilitation in cardiology and 
cardiac surgery. Scientific peer-reviewed medical 
journal “Clinician”, 2 :13-22.(2015)

11.	 Simonenko, V.B., Medvedev, I.N., Kumova, 
T.A. Pathogenetic aspects of hypertension 
in case of metabolic syndrome.Voenno-
meditsinskiizhurnal, 331(9):41-44. (2010)

12.	 Medvedev, I.N., Gromnatskii, N.I. The 
influence of hypocaloric diet on thrombocyte 
rheology in patients with metabolic syndrome.
Klinicheskaiameditsina,84(3): 49-52. (2006)

13.	 Doletsky, A.A., Svet, A.V., Andreev, D.A., Saner, 
X. Cardiorehabilitation.  Moscow: Medical 
Information Agency Publishing House, 240.
(2016)

14.	 Medvedev, I.N. Physiological response of the 
rheological parameters of erythrocytes to regular 
physical exertion in individuals of the first 
mature age who are at risk of hemodynamic and 
metabolic disturbances. International Journal 
of Pharmaceutical Research, 11(4): 257-262. 
(2019)

15.	 Lyadova,  K.V. ,  Preobrazhensky,  V.N.  
Rehabilitation of cardiological patients.  
Moscow: GEOTAR-Media, 288. (2005)

16.	 Simonenko, V.B., Medvedev, I.N., Tolmachev, 
V.V. Comparative evaluation of the influence 
of sulfhydryl and phosphate ACE inhibitors on 
thrombocyte aggregation in patients suffering 
from arterial hypertension with metabolic 
syndrome.Klinicheskaiameditsina, 85(4): 24-27. 
(2007)

17.	 Makurina, O.N., Vorobyeva, N.V., Mal, G.S., 
Skripleva, E.V., Skoblikova, T.V. Functional 
Features of Hemocoagulation in Rats with 
Experimentally Formed Arterial Hypertension 
in Conditions of Increased Motor Activity. 
Prensa Med Argent,104(6). DOI: 10.41720032-
745X.1000323 (2018)



1658 Zavalishina et al., Biomed. & Pharmacol. J,  Vol. 13(4), 1653-1658 (2020)

18.	 Karpov,V.Yu., Medvedev, I.N., Boldov, A.S., 
Sibgatulina, F.R., Fedorova, T.Y. Physiological 
Basis for the Use of Physical Activity in 
Conditions of Disorders of Carbohydrate and 
Lipid Metabolism. Indian Journal of Public 
Health Research & Development, 10(8) :1899-
1903. (2019)

19.	 Medvedev, I.N. Formation of hemostasiopathy 
in arterial hypertension and insulin resistance. 
PrensaMedica Argentina, 105(2). 1000348 
(2019)

20.	 Bubnova, M.G., Aronov, D.M., Perova, N.V., 
Zvolinskaya, E.Yu.  Physical activity and 
atherosclerosis: the effect of dynamic loads 
of different intensities on the performance of 
the lipid transport system and carbohydrate 
metabolism in patients with coronary heart 
disease and type 2 diabetes.  Cardiology, 11: 
33-40.(2005)

21.	 Medvedev, I.N. The Effect of Complex Treatment 
on Platelet Aggregation Activity in Patients with 
Grade 3 Arterial Hypertension with Metabolic 
Syndrome. Prensa Med Argent, 104(6). DOI: 
10.41720032-745X.1000325 (2018)

22.	 Mohr, F.W., Morice, M.C., Kappetein, A.P. et 
al. Coronary artery bypass graft surgery versus 
percutaneous coronary intervention in patients 
with three-vessel disease and left main coronary 
disease: 5-year follow-up of the randomized, 
clinical SYNTAX trial. Lancet,381: 629-638. 
(2013)

23.	 Bikbulatova, A.A., Medvedev, I.N. The 
Indifference of Daily Wearing of Corrective 
Linen in Relation to Platelet Activity in 
Women of Second Adulthood with First Degree 
Hypoid Obesity. Biomedical & Pharmacology 
Journal,11(4): 1975-1981. http://dx.doi.
org/10.13005/bpj/1571 (2018)

24.	 Egorova S.A., Vorozhbitova A.L.  Physical 
rehabilitation.  Stavropol: North Caucasus 
Federal University, 176.(2014)

25.	 Vorobyeva, N.V., Khabibulina, T.V., Skripleva, 
E.V., Skoblikova, T.V., Zatsepin, V.I., Skriplev, 
A.V. Effect of Lipid-lowering Therapy and 
Regular Exercise on the Fibrinolytic System 
in Patients with Metabolic Syndrome. Prensa 
Med Argent, 105(1). DOI: 10.41720032-
745X.1000327 (2019)

26.	 Margazin, V.A., Koromisov, A.V.  Physiotherapy 
for diseases of the cardiovascular and respiratory 
systems.  St. Petersburg: Specialized Literature, 
235.  (2015)

27.	 Bikbulatova, A.A. Wellness Effect of Organizing 
and Holding Competitions of Professional 
Skill Among People with Disabilities. Prensa 
Med Argent,105(2). DOI: 10.4172/0032-
745X.1000342 (2019)

28.	 Makarova, I.N. Rehabilitation for diseases 
of the cardiovascular system. Moscow: 
GEOTARMEDIA, 304.(2010)


