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Abstract 

There is some evidence that focused and intense rehabilitation improve clinical outcome following conventional open-heart surgery. 

Recent developments in surgical techniques, which focused on the improvement in patient comfort, reduction in hospital stay and 

costs, has resulted in minimally invasive techniques, including Minimally Invasive Direct Coronary Artery Bypass (MIDCAB) and 

Endoscopic Atraumatic Coronary Artery Bypass (EACAB). EACAB is safer than on-pump coronary artery bypass graft (CABG), 

especially in high risk patients. Its use, however, is limited to a small subgroup of patients: those with suitable anatomy of coronary 

pathology, younger patients with rapidly progressing coronary artery disease or elderly patients with substantial co-morbidities, 

whom sternotomy and cardiopulmonary bypass pose significant risks to. In this latter group of patients, effective rehabilitation is, 

therefore, even more important. Prevention of disturbances in homeostasis resulting from reduced physical activity, and thus rate of 

recovery and effectiveness of cardiac surgery, are not dependent on early physical activity and the intensiveness of the inpatient re-

habilitation only but also on psychological therapy, dietary advice and health-promoting education. In this study, we explore differ-

ences in inpatient rehabilitation methods and outcomes between the groups of patients who underwent on-pump CABG and MID-

CAB operations. Our data show that inpatient rehabilitation following MIDCAB operations may be shorter than after on-pump 

CABG by 2 days on average. 
 

 

Słowa kluczowe 

pomostowanie naczyń wieńcowych, MIDCAB, EACAB, rehabilitacja kardiologiczna 

 

Streszczenie 

Dążenie do poprawy komfortu leczenia chorych, skrócenia czasu hospitalizacji i rehabilitacji szpitalnej, a w konsekwencji zmniejsze-

nie kosztów leczenia a zapoczątkowało okres poszukiwania i wdrażania nowych technik w chirurgii naczyń wieńcowych. Od kilku lat 

przedmiotem dużego zainteresowania jest zastosowanie technik małoinwazyjnych, do których zalicza się operacje pomostowania na-

czyń wieńcowych bez krążenia pozaustrojowego z małego dostępu MIDCAB (ang. Minimally Invasive Direct Coronary Artery By-

pass) i EACAB (ang. Endoscopic Atraumatic Coronary Artery Bypass). Są to metody bezpieczniejsze od klasycznej rewaskularyzacji 

chirurgicznej, szczególnie dla chorych zwiększonego ryzyka, jednak ich zastosowanie jest ograniczone do jednonaczyniowej choroby 

wieńcowej. Stosuje się je zwłaszcza u ludzi młodych, z szybko narastającymi zmianami miażdżycowymi w naczyniach, lub u chorych 

w podeszłym wieku, z obciążeniami narządowymi, u których sternotomia i krążenie pozaustrojowe istotnie podnoszą ryzyko operacji. 

Dla uzyskania optymalnego efektu zabiegu niezbędne jest kompleksowe działanie z udziałem klasycznej kardiologii oraz zastosowa-

nie odpowiednich metod rehabilitacji należących do istotnych elementów postępowania po zabiegach kardiochirurgicznych. W arty-

kule zwrócono uwagę na wczesne postępowanie usprawniające, które niewątpliwie rzutuje na dalsze wyniki. Intensywnie realizowany 

program pierwszego etapu rehabilitacji chroni pacjentów, niezależnie od techniki wykonanej operacji, przed zaburzeniem homeostazy 
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Table 1 

Phases of cardiac rehabilitation 

INPATIENT PHASE POST-HOSPITAL PHASE OUTPATIENT PHASE 
− prevention of unfavourable sequels of 

immobilisation, 
− restoration of patient independence, 
− improvement of psychological status, 
− enablingpossibly fastest discharge from 

the hospital and return home. 

− amelioration of health and psy-
chophysical functioning, espe-
cially of the cardiovascular and 
respiratory systems function, by 
introducing various forms of 
physical activity 

− further improvement and possibly 
longest maintenance of the achieved 
physical agility, 

− systematic motivation to continuing 
the health-promoting style of life. 

 

i przed następstwami hipokinezji. Celem pracy było omówienie różnic w programie rehabilitacji pacjentów po rewaskularyzacji chirur-

gicznej wykonanej metodą klasyczną z użyciem krążenia pozaustrojowego oraz metodą małoinwazyjną i problemów wynikających 

z zastosowania odmiennych technik zabiegowych na podstawie własnych doświadczeń. Przedstawione dane wskazują, że rehabilitacja 

szpitalna po operacjach metodą małoinwazyjną może być średnio o 2 dni krótsza niż po operacjach wykonanych metodą klasyczną. 

 

 

 

INTRODUCTION 

 

Surgical treatment of ischaemic heart 

disease by means of coronary artery 

bypass grafting (CABG) is one of the 

most verified and effective invasive 

therapeutic methods, markedly im-

proving myocardial blood flow, qual-

ity of life and life expectancy1,2,3,4. 

The standard surgical procedure in-

volving extracorporeal circulation and 

central sternotomy constitutes a major 

intervention within patient’s organ-

ism, bearing a risk of many surgery-

related complications, such as: neuro-

logical complications, microembolism, 

respiratory failure, renal failure and 

infections. Serious complications and 

high therapy costs constituting an im-

portant problem in classical revascu-

larisation involving extracorporeal cir-

culation as well as continuous techno-

logical progress resulted in a search 

for such surgical methods that would 

minimise negative sequels of this type 

of operations. Introduction of endovi-

sion systems into cardiac surgery en-

abled performance of procedures 

without use of extracorporeal circula-

tion. They include: 

– OPCAB (Off-Pump Coronary Ar-

tery Bypass Grafting), where mid-

line sternotomy is applied as sur-

gical access; it is used in patients 

with multi-vessel coronary artery 

disease; 

– MIDCAB (ang. Minimally Inva-

sive Direct Coronary Artery By-

pass) and EACAB (ang. Endo-

scopic Atraumatic Coronary Ar-

tery Bypass)5,6,7,8, that is so called 

minimal access surgery used in 

patients with single-vessel coro-

nary artery disease 

EACAB, performed using the ac-

cess via the left anterior minithora-

cotomy, has been successfully con-

ducted at the First Department of 

Cardiac Surgery, Medical University 

of Silesia for several years5,6,9. During 

the last 8 years, 600 such surgical pro-

cedures were performed. Approxi-

mately 1000 coronary artery by-pass 

graft operations using extracorporeal 

circulation are performed.  

Experience of physiotherapists 

working at the I Department of Car-

diac Surgery is associated with pa-

tients subjected to various surgical 

procedures. Patients undergoing coro-

nary artery by-pass grafting with ex-

tracorporeal circulation constitute the 

largest group, however, the number of 

patients operated using minimally in-

vasive methods is also increasing. As 

the number of such operations has 

increased, a verification of the stan-

dard rehabilitation program was 

conducted10.  

The aim of this paper was to dis-

cuss differences between the rehabili-

tation programs applied in patients 

following coronary artery by-pass 

grafting performed using the classical 

technique with extracorporeal circula-

tion and the minimally invasive 

method and to present, based on our 

experience, problems resulting from 

application of different surgical tech-

niques. 

It is widely accepted that rehabili-

tation has an effect on the degree and 

time of achievement of an improve-

ment in cardio-respiratory function in 

patients after cardiac surgery, treated 

both using the classical and the mini-

mally invasive method, as well as it 

affects mental, social, professional, 

and economical consequences of the 

illness and its therapy11,12,13. Appro-

priately conducted rehabilitation in-

volves three phases: inpatient, post-

hospital, and the late, outpatient phase 

(Table 1)14. 

 

 

SPECIFIC PROBLEMS  

DURING REHABILITATION  

ASSOCIATED WITH THE TYPE 

OF APPLIED SURGICAL 

METHOD 

 

Prior to description of general differ-

ences among rehabilitation programs 

after cardiac surgery, specific prob-

lems resulting from the type of con-

ducted operation especially affecting 

the course of early inpatient rehabili-

tation should be emphasized.  

The classical revascularisation is 

used primarily in patients with multi-

ple coronary artery changes. Extra-

corporeal circulation disturbs homeo-

stasis of the organism and – via acti-

vation of factors of systemic inflam-

matory response – leads to undesir-

able effects within many organs, in-

cluding organs of the respiratory, 

cardiovascular, or motor systems. 

However, post-surgery pain follow-

ing sternotomy is the primary issue. 

It significantly limits movements of 

the thorax causing shallower breath-

ing and avoidance of cough. This be-

comes accompanied by reflex, more 

upper position of the diaphragm re-



Medical Rehabilitation 2007, 11 (1) 

 

 
11

Medical Rehabilitation 2007, 11 (1), 9-14 

 
sulting from topical cooling of the 

heart using saline with ice down to 

4°C during surgery15 thus markedly 

reducing the mechanics of respira-

tion and increasing the risk of post-

operation pulmonary complications 

(e.g.: inflammatory changes, atelec-

tasis, pneumothorax). Risk of throm-

bosis resulting from post-operation 

use of agents delaying and accelerat-

ing fibrinolysis is another important 

problem associated with the classical 

surgery16. Additionally, as a result of 

the saphenous vein excision for by-

passing, limb oedema occurs due to 

the compromised venous return. 

Because of those unfavourable 

changes, the post-surgery period is 

frequently prolonged and requires 

major engagement of the physiother-

apy team into the process of rehabili-

tation. Most often, many weeks, or 

even 4-6 months, are needed for a 

patient to regain complete agility17. 

Six months after the CABG proce-

dure, 35-39% of patients experience 

thoracic and lower extremity pain 

that are related to the surgical proce-

dure performed, 48% complain of fa-

tigue or weakness sensations, and 

18% experience dyspnoea18. The 

most frequent ailments persisting for 

over half year following operation 

include sternal pain associated with 

sternotomy (33%), shoulder pain 

(22%), oedema of the lower limbs 

(21%) and sensation of hearth 

rhythm disturbances (31%)19. Dura-

tion of rehabilitation is significantly 

prolonged in cases of post-surgery 

complications involving myocardial 

ischaemia, central nervous system 

ischaemia, sternal instability, or in-

fections of post-operation wounds. 

Surgery involving the so-called 

minimally invasive access signifi-

cantly reduces the risk of complica-

tions associated with use of extra-

corporeal circulation, sternotomy, or 

collection of the veins from the 

lower extremities – procedures that 

markedly reduce patient functioning 

after classical operation. Minimally 

invasive surgery enables shortening 

of inpatient treatment20 and of post-

surgery rehabilitation as well as 

faster return to professional (3-4 

weeks) and private lives21, which 

significantly reduces the cost of ther-

apy22. It should, however, be kept in 

mind that in post-EACAB patients, 

chest pain is more intense than in pa-

tients subjected to sternotomy during 

the first several days following op-

eration23,24,25. Therefore, in order to 

conduct proper rehabilitation, it is 

necessary to appropriately use phar-

macotherapy attenuating unfavour-

able effects of anterior thoracotomy.  

 

 

DETAILED PROGRAM  

OF REHABILITATION IN  

PATIENTS WHO UNDERWENT 

EACAB SURGERY  

AND IN PATIENTS AFTER CABG 

WITH EXTRACORPOREAL 

CIRCULATION DURING  

EARLY INPATIENT PHASE  

(authors’ experience) 

 
Pre-surgery phase 

 

Rehabilitation process begins during 

the period of time preceding surgery 

because of the risk associated with 

operation. Patients planned for the 

classical or minimally invasive pro-

cedure are admitted one or two days 

prior to surgery. During this time, 

physiotherapist takes history (to ac-

quire information on concomitant 

diseases, possible physical limita-

tions, etc.) and conducts an instruc-

tion meeting – most often twice be-

fore the surgery. Patients are pre-

sented with aims of rehabilitation as 

well as with: 

– exercises used after the surgery: 

respiratory, anti-thrombosis, gen-

eral, correction 

– respiratory exercises using an ap-

paratus inducing inspiratory re-

sistance in order to increase lung 

capacity (Tri-Flo II) or expiratory 

resistance aiding in bronchial tree 

clearance (a bottle filled with wa-

ter or blowing onto a wood-wool 

sheet) 

– correct respiration technique (us-

ing all respiratory paths with es-

pecial attention to diaphragmatic 

breathing) 

– effective cough (performance of a 

series of three or four subsequent 

coughs during expiration)26. 

Moreover, patients are psycho-

logically prepared for the surgery, 

essential information about the dis-

ease is explained and adaptation dif-

ficulties to come during healing are 

presented. Conveying this necessary 

information to the patients reduces 

anxiety and facilitates future coop-

eration. In this way, patients easier 

and in more detail follow physio-

therapist’s instructions.  

 
Post-operation phase 

 

During the process of rehabilitation 

after a non-complicated surgery in-

volving coronary artery by-pass 

grafting, two stages can be distin-

guished: the first – early, at an inten-

sive care unit, lasting from the first 

post-surgery day to morning hours of 

the subsequent day, and the second – 

late, at post-operation ward: com-

prising the period from the 3rd to 6th 

day in post-classical by-pass grafting 

patients, and from the 2nd (afternoon 

hours) to 4th day following surgery.  

Before and after all exercises, 

short history is taken pertaining to 

current patients general feeling and 

heart rate (HR), systemic blood pres-

sure (BP) and haemoglobin satura-

tion with oxygen (saturation) are 

measured. During the stay in the in-

tensive care unit, cardiomonitor is at-

tached to patients, which enables ob-

servation of possible changes in the 

electrocardiogram (ECG). After tran-

sition to the ward, continuous moni-

toring is not used, therefore, prior to 

and after the exercises, BP is deter-

mined by means of a sphygmoma-

nometer and saturation and HR using 

a pulseoximeter. After completion of 

exercises, subjective assessment of 

exertion in performed according to 

the 15-point Borg scale (6-20). Fol-

lowing surgery, physiotherapy is 

started in the first day, independently 

of the type of operation. During this 

period of time, patients perform ex-

ercises learnt before operation, i.e. 

simple respiration exercises with 

practicing effective cough and stabi-

lisation of the post-operation wound 

as well as anti-thrombosis exercises. 

Bronchial tree clearance is main-

tained not only by means of respira-



Medical Rehabilitation 2007, 11 (1) 

 

 12 

Medical Rehabilitation 2007, 11 (1), 9-14 

 

 

Table 2 

Comparison of mean values of duration of hospitalisation  
(number of days) of the patients at the Department of Cardiac 
Surgery depending on the type of operation (non-complicated 
pre- and postoperative course) 

 
TYPE OF OPERATION 
 

2005 
(from January to 
June) 

2006 
(from January  
to June) 

CABG 
min 
mean 
max 

5 
6 ±0.75 
8 

5 
6 ±2.12 
8 

EACAB 
min 
mean 
max 

4 
5 ±0.7 
6 

4 
4 ±0.53 
6 

 

tion exercises, but also by chest per-

cussion or other auxiliary procedures, 

e.g. inhalations. In post-EACAB pa-

tients, the exercises are most often 

performed in a sitting position with 

the lower limbs placed over the edge 

of the bed. As mentioned above, 

limitations associated with ster-

notomy and the resulting major 

wounds of the sternum and on the 

lower limbs – associated with 

saphenous vein excision – are not the 

case in these patients. All limbs are 

more intensely, fully, also asymmet-

rically involved during the exercises. 

In patients after classical by-pass 

grafting, in turn, exercises are per-

formed in a semi-sitting position 

achieved by bed adjustment and all 

exercises involving the upper extremi-

ties are performed symmetrically be-

cause of the necessity to stabilise the 

sternum. Additional precautions for 

sternum protection are apllied27 in a 

form of stabilising belt or positioning 

of the hands over the sternum during 

coughing. On the 1st and 2nd day, 

exercises of the upper limbs are per-

formed up to the level of the shoul-

ders; moreover, abrupt movements of 

the lower extremities, where the vein 

for grafting was taken from, are 

avoided during this period of time. 

Independently of the type of sur-

gery, maximum possible shortening 

of duration of patient immobilisation 

in bed is attempted. Therefore, on the 

second day (morning hours), head-up 

tilt is performed. It should be men-

tioned that early assumption of the 

upright position in post-EACAB pa-

tients is not recommended because 

of the maintained active thoracic 

drainage that is typically removed 

during late-evening hours of the 1st 

day following the operation.  

During the early phase, individ-

ual exercises last 20 minutes and are 

conducted twice a day, while inten-

sity of exercises in post-EACAB pa-

tients ranges from 11 to 13 points in 

the 15-point Borg scale; in post-

CABG patients, the intensity is lower 

and ranges from 10 to 12 points.  

Beginning with the second day 

(afternoon), patients with lateral in-

cision participate, when not contra-

indicated – in group exercising in a 

gymnastic hall. The program in-

cludes general fitness training with 

alternating respiratory and correction 

exercises. General physical training 

involves dynamic exercises engaging 

small and large muscle groups at 

various baseline positions (sitting, 

standing), which positively affects 

coordination and patient agility, as 

well as exercises improving mobility 

of the shoulder girdle and the thorax. 

With the second day, walking is also 

introduced at gradually increasing 

distances and, starting with the third 

day, climbing up the stairs (half floor 

initially), always under physiothera-

pist’s supervision.  

Patients after classical operation 

most often participate in group exer-

cises in the gymnastic hall beginning 

with the third day (dependently on the 

clinical status). These exercises are 

performed in a sitting position and in-

volve respiratory, effective cough, 

anti-thrombosis, general physical as 

well as correction exercises. Because 

of limitations due to the wounds and 

lower limb oedema, the patients be-

gin to walk as late as on the third 

day, while walking on steps is started 

on the fifth day. 

During the late phase of rehabili-

tation, individual training lasts 20 

minutes and group exercises 35-40 

minutes. Both individual and group 

rehabilitation are performed once a 

day. Exercise intensity in post-

EACAB patients is 12-14 points (in 

the Borg scale) and 11-13 points in 

post-CABG patients.  

Upon completion of each group 

exercise session, all patients partici-

pate in a short lecture pertaining to 

further course of rehabilitation, re-

turn to every-day life, possibility to 

continue the exercises at home and 

combating the risk factors (including 

cessation to smoke, combating obe-

sity and immobility). They partici-

pate in the sessions until discharge 

from the hospital (most frequently – 

directly home). To reinforce the ef-

fects of rehabilitation, the patients 

are encouraged to independently re-

peat the learnt exercises during af-

ternoon and evening hours. 

Appropriately conducted early 

inpatient phase of rehabilitation al-

lows the patients with uncomplicated 

peri- and post-surgery course to 

achieve agility enabling leaving the 

hospital independently within an av-

erage of 4 days following minimally 

invasive operation or within 6 days 

on average in case of the classical 

procedure. 

 
SUMMARY 
 

Intensively conducted program of the 

first phase of rehabilitation protects 

the patients (independently of surgi-

cal technique) from disturbances in 

homeostasis of the organism and 

from sequels of hypokinesis. Many 

factors should be considered when 

preparing the rehabilitation program, 

determining exercise intensity and du-

ration. Certainly, clinical status of the 

patient is one of these factors; how-

ever, these factors also include the 

type of the applied surgical method. 

Dependently on the method, patients 

may experience specific problems af-

ter the surgery that have a significant 

impact on the course of early inpatient 

rehabilitation. Unfortunately, there are 

only a few articles on this topic.  
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Comparing the applied rehabilita-

tion program in patients who un-

derwent standard revascularisation 

to reports of other authors, it can be 

concluded that general principles of 

kinesitherapy are very similar12,28,29. 

However, the introduced modifica-

tions enable faster rehabilitation of 

patients with a smaller peri-operation 

trauma following minimally invasive 

procedures and correspond to world-

wide tendencies towards maximum, 

safe shortening of hospitalisation of 

cardiac surgery patients30. Such ap-

proach is justified by a decreased risk 

of hospital infections and reduced 

therapy costs. Many authors stress 

out that fast and early mobilisation 

is beneficial and is completely safe 

provided it is associated with de-

tailed observation of patients’ psy-

chological and physical status, in-

cluding assessment of their clinical 

status, type of operation and prepa-

ration for rehabilitation29,31. Many 

studies demonstrate that fast mobili-

sation is well tolerated by the pa-

tients32,33,34,35. It should, however, be 

kept in mind that too short hospitali-

sation, reducing duration of physio-

therapeutic preparation for surgery as 

well as post-surgery rehabilitation, 

can increase the risk of post-operation 

complications and limit contact with 

the patient thus leading to neglecting 

educational and psychotherapeutical 

issues. Therefore, to achieve pa-

tients’ satisfaction related to surgery 

results, it is strived to tight coopera-

tion of the physician with the 

physiotherapist, dietician and psy-

chologist. Long-term effect of sur-

gery largely depends on the quality 

and determination of both the patient 

and the whole therapeutic team. 

It should also be emphasised that 

rehabilitation should be a continuous 

and life-time process. To achieve fur-

ther, positive effects of rehabilitation 

initiated in the hospital, this treatment 

must be continued in outpatient con-

ditions: in outpatient and rehabilita-

tion clinics.  
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