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INTRODUCTION  Rehabilitation after coronary revascularization procedures is an intrinsic part of treat-
ment during the in-hospital period.

0BJECTIVES We aimed to compare the course and effects of rehabilitation in patients receiving hybrid
treatment (minimally invasive direct coronary artery bypass / percutaneous coronary intervention) or clas-
sic treatment (coronary artery bypass grafting / off-pump coronary artery bypass) during hospitalization.
PATIENTS AND METHODS The study included 200 patients participating in a prospective randomized
clinical trial (POLMIDES) that assessed the effect of hybrid treatment on in-hospital outcomes and long-
-term results in patients with multivessel coronary artery disease. Patients were divided into the classic
and hybrid groups.

RESULTS The classic group showed a higher perioperative risk than the hybrid group (mean [SD]
EuroSCORE, 3.54 [2.12] and 2.89 [1.97], respectively). During all the rehabilitation cycles, lower arte-
rial oxygen saturation (Sa0,) was reported in the hybrid group (P = 0.002). The classic group showed
lower systolic blood pressure (P <0.001), lower diastolic blood pressure (P = 0.029), and a higher rate
of blood pressure drops during rehabilitation (P = 0.02). Patients from the classic group were able to
sit (P <0.001), assume a vertical position (P <0.001), and walk (P = 0.01) earlier than those from
the hybrid group. In the hybrid group, earlier completion of rehabilitation and discharge from the hospital
were noted (P = 0.001).

concLusions Patients receiving hybrid coronary revascularization less often suffer from hypotonia
events but show lower Sa0, values than patients receiving classic treatment. Mobilization of patients
receiving the hybrid treatment is slower during the initial days and cycles of rehabilitation, but they
achieve full self-reliance earlier, which enables a shorter hospitalization period.
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INTRODUCTION A hybrid method is a combina-
tion of 2 well-established methods for coronary
revascularization, surgical and percutaneous, inte-
grating their greatest advantages.'* A decision be-
tween conservative or interventional treatment in
the case of coronary artery disease (CAD) should
depend on the assessment of the benefit-to-risk
ratio for these treatment strategies and on a com-
parison of the risk of death, myocardial infarction,
and stroke during the perioperative period, with

the expected improvement in the quality of life
and long-term decrease in the risk of death, myo-
cardial infarction, and repeat revascularization.
Currently, grafting of the left internal mamma-
ry artery (LIMA) to the left anterior descending
artery (LAD) is the best method for revasculariza-
tion of the LAD, and it is associated with high pa-
tency of bypasses, reaching over 90% in a 10-year
follow-up.* Prospective randomized trials com-
paring percutaneous coronary intervention
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(PCI) with implantation of bare-metal stents to
LIMA implantation to the proximal LAD seg-
ment strongly confirm the superiority of the sur-
gical procedure.’

The hybrid method of revascularization in pa-
tients with advanced multivessel CAD has been
popularized because it is minimally invasive and
spares patients from complications associated
with cardiopulmonary bypass and median ster-
notomy that are used during the classic coro-
nary artery bypass graft (CABG) surgery.®’ Ac-
cording to the current knowledge, it is expected
that the hybrid treatment of these patients will
have similar direct effectiveness but with high-
er safety (eg, lower frequency of bleeding, peri-
operative myocardial infarctions, and strokes),
as well as a shorter duration of hospitalization
and rehabilitation.

Rehabilitation of patients depends on the ap-
plied revascularization method and constitutes
an integral part of the in-hospital treatment.
Moreover, the choice of the method to a large
extent determines the course of the postoper-
ative period as well as the speed and effects of
rehabilitation. The management encompasses
the preparation before the procedure (in the case
of the classic method) and rehabilitation after
the operation.®® Regardless of the applied sur-
gical technique, the management is focused
on the same aims: prevention of the effects of
immobilization; implementation of the mech-
anisms of appropriate pulmonary ventilation,
cough, and expectoration; and mobilization of pa-
tients as soon as possible, such as learning how
to change positions and move in bed, especially
in patients scheduled for classic revascularization
using sternotomy.%!!

The benefits of implementing rehabilitation in
patients following elective PCI are still underes-
timated. However, several initiatives in the field
have been undertaken, including a study by Mar-
tynova et al.'? Mobilization of the patient de-
pends on whether the procedure is performed
using a radial or femoral artery approach. Con-
stant monitoring of the patient during exercise
and an individual approach to each patient with
regards to concomitant noncardiac diseases in-
fluence patient safety and thus the quality and
effectiveness of treatment. Rehabilitation dur-
ing the in-hospital period should not only con-
sider the current physical condition of the pa-
tient but also its effect on mental health, social
activities, and a possible return to professional
work, thus fulfilling one of the essential rules of
rehabilitation—comprehensiveness.' '

Data on the rehabilitation of patients treat-
ed with the hybrid method during hospitaliza-
tion are still lacking. The prospective randomized
clinical trial POLMIDES,'* assessing the effect of
hybrid treatment on the in-hospital outcomes
and long-term results of patients with multives-
sel CAD, distinguished a new group of patients
undergoing rehabilitation during this stage of
treatment. The aim of our study was to compare
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the course and effects of rehabilitation in patients
receiving hybrid and classic treatments during
the in-hospital period. Selected parameters mon-
itored during the individual cycles of rehabilita-
tion, the pace of mobilization, and the cost of re-
habilitation in both study groups were analyzed.

PATIENTS AND METHODS We analyzed patients
participating in POLMIDES, a developmental pro-
gram financed by the National Centre for Re-
search and Development (no. NR13008406/2009,
Bioethics Committee approval no. KNW/002/
KB1/168/08/0), conducted at the Silesian Center
for Heart Diseases in Zabrze, Poland, from No-
vember 2009 to December 2013."® We enrolled
200 consecutive patients with angiographically
documented multivessel CAD with involvement
of the LAD, who were referred for arterial revas-
cularization with at least 1 hemodynamically sig-
nificant lesion (>70%) in the other arteries and
who were suitable for PCI and CABG. The inclu-
sion and exclusion criteria of the study are pre-
sented in TABLE 1.
Randomization In the main POLMIDES study,
patients meeting the inclusion criteria were ran-
domly assigned to 2 treatment groups. The first
group consisted of 98 patients subjected to hy-
brid revascularization in 2 treatment stages.
The first stage included grafting of the arterial
bypass of the LIMA to the LAD, using the min-
imally invasive direct coronary artery bypass
(MIDCAB) / endoscopic atraumatic coronary ar-
tery bypass technique. The second stage consist-
ed of the PCI procedure with implantation of
stents coated with antimitotic drugs to the re-
maining coronary arteries that were subjected
to treatment within 36 hours from the comple-
tion of the first stage. The second group included
102 patients who underwent conventional sur-
gical revascularization with or without the use
of cardiopulmonary bypass. Six patients who
had been previously randomized to the hybrid
group required conversion to the full CABG and
were assigned to the classic group.

Finally, 92 patients in the hybrid group
(MIDCAB + PCI) and 108 patients in the clas-
sic group (CABG / off-pump coronary artery by-
pass [OPCAB]) were analyzed. All patients were
screened by a local heart team (at least 1 inter-
ventional cardiologist and a cardiothoracic sur-
geon). The heart team checked all the inclusion
and exclusion criteria and the eligibility of pa-
tients to undergo MIDCAB + PCI. Eligible pa-
tients were randomized in a 1:1 fashion to hybrid
or standard surgical treatment, using closed enve-
lopes. The study protocol was approved by the lo-
cal ethics committee and complied with the Dec-
laration of Helsinki. All study participants pro-
vided written informed consent to enrollment
and data collection.

Rehabilitation management scheme The initial
rehabilitation management scheme for patients



TABLE 1 Study inclusion and exclusion criteria

Inclusion criteria

Multivessel CAD, documented by angiography, with involvement of the LAD and critical (>70%) lesions in at least
1 major epicardial artery, apart from the LAD, eligible for PCl and CABG

Indications for revascularization based on clinical assessment or objective ischemic features

Age >18 years

Informed consent to participate in the study

Exclusion criteria

Severe heart failure (NYHA class lll or IV), pulmonary edema, cardiogenic shock at randomization, prior surgical
procedure requiring the opening of pericardial sac and/or pleural cavities

Significant bleeding in the last 6 months, posing a risk for recurrence of bleeding during anticoagulant therapy

associated with PCI/CABG

More than 1 chronic total occlusion in major epicardial arteries except the LAD

Left coronary artery trunk stenosis >50%

STEMI within 72 hours before randomization requiring urgent revascularization

Stroke in the last 6 months (or earlier in the case of significant neurological deficits)

Planned simultaneous surgical procedure apart from revascularization (eg, valve replacement/repair,
aneurysmectomy, endarterectomy of the carotid artery, or carotid artery stenting)

Significant leukopenia, neutropenia, thrombocytopenia, anemia, or other serious hematological disorder

Intolerance of, contraindications to, or resistance to treatment with aspirin, clopidogrel, or ticlopidine

Extracardiac conditions with predicted survival shorter than 5 years (eg, COPD depending on passive oxygen
therapy, active hepatitis, hepatic failure, severe renal disease)

Pregnancy or suspicion of pregnancy

Lack of informed consent to participate in the study

Abbreviations: CABG, coronary artery bypass grafting; CAD, coronary artery diseas; LAD, left anterior descending
artery; NYHA, New York Heart Association; PCI, percutaneous coronary intervention; COPD, chronic obstructive
pulmonary disease; STEMI, ST-segment elevation myocardial infarction

from both study groups, presented in FIGURE 1, was
modified depending on the patient’s clinical con-
dition and periprocedural complications.

Preparation before the procedure  Preparation start-
ed on the day of hospital admission, 1 day before
the planned surgical procedure. Each patient was
provided with all the essential information concern-
ing the course of rehabilitation in the postoperative
period, such as learning the “effective cough” and
methods of stabilization of the sternum or the post-
operative wound depending on the surgical tech-
nique applied. Moreover, patients were taught how
to change positions and move in bed, and the pur-
pose of using analgesic agents was explained

Rehabilitation cycles  Rehabilitation was started
after extubation and was continued throughout
the whole hospitalization. A rehabilitation cycle in-
cluded the following: chest percussion facilitating
evacuation of bronchial secretion; cough stimulation
preceded by sternum or wound stabilization, de-
pending on the surgical technique applied; breathing
exercises improving lung ventilation, with the use
of breathing exercise devices; active exercises, gen-
eral mobility exercises done by the patient under
the guidance of a physiotherapist (instruction); and
gradual controlled mobilization of the patient, start-
ing from sitting in the bed in the cardiological (arm-
chair) position through sitting on the bed with legs
down, verticalization, walking with the assistance of
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the physiotherapist, and unassisted walking with-
out restrictions, also on the stairs.

Day 1 after the procedure  Three monitored reha-
bilitation cycles were applied: cycle 1 in the morn-
ing, cycle 2 at noon, and cycle 3 in the after-
noon. Patients from the hybrid group omitted
one of the cycles because they were at a hemo-
dynamic laboratory at that time for the second
stage of treatment according to the protocol of
the POLMIDES trial (PCI up to 36 hours after
the MIDCAB procedure). Patients presenting with
symptoms of evident circulatory failure, those re-
turning to the operating theatre due to bleeding,
or those with other contraindications to exercise
were also excluded from rehabilitation at cer-
tain cycles.

Day 2 after the procedure  Two monitored cycles of
rehabilitation were applied: cycle 4 in the morn-
ing and cycle 5 in the afternoon. A patient was
encouraged to repeat breathing exercises and
unassisted motor activity after drainage remov-
al. Patients from the hybrid group subjected to
PCI were mobilized after the removal of pressure
dressing from the femoral artery.

Day 3 after the procedure  One cycle of rehabil-
itation, cycle 4, was conducted in the morning.
The aim of rehabilitation was to achieve full in-
dependent mobility by the patient.

w



FIGURE 1
Rehabilitation regimen
during hospitalization
Abbreviations: CABG,
coronary artery bypass
grafting; EACAB,
endoscopic atraumatic
coronary artery bypass
technique; MIDCAB,
minimally invasive direct
coronary artery bypass;
OPCAB, off-pump
coronary artery bypass;
others, see TABLE 1
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Preparation before the procedure
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Surgical procedure
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A

First day after the procedure: 2 cycles
During one of the cycles, a patient was
subjected to the second stage of treatment
at a hemodynamic laboratory

First day after the procedure: 3 cycles

\ 4

A 4

Second day after the procedure: 2 cycles
One of the cycles was performed without
mobilization due to the use of pressure
dressing after PCI

Second day after the procedure: 2 cycles

v

v

Third day after the procedure: 1 cycle

Third day after the procedure: 1 cycle

Subsequent follow-up until discharge
1 cycle/day

Subsequent follow-up  Breathing and general mo-
bility rehabilitation were continued until discharge
from the hospital. The exercises were aimed at im-
proving the patient’s physical capacity and breath-
ing capacity. Patients were encouraged to prolong
the distance and pace of walking through the cor-
ridor and on the stairs. They were also educat-
ed on the management at home, further conva-
lescence, and a healthy lifestyle. Education con-
cerned the risk factors for cardiovascular diseas-
es and the methods of disease control, the role of
physical activity in both prevention and postop-
erative treatment, and dietary recommendations.
Each patient received home health counseling after
discharge, including advice on worrying symptoms
during exercise in the early postoperative period.

Analysis of clinical factors  During the in-hospital
period, the following clinical factors were ana-
lyzed: age, sex, height, body weight, body mass
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index, arterial hypertension, diabetes, hyperlip-
idemia, cigarette smoking, previous myocardi-
al infarction, grade of angina pectoris according
to the Canadian Cardiovascular Society classifi-
cation, heart failure stage according to the New
York Heart Association classification, left ven-
tricular ejection fraction, European System for
Cardiac Operative Risk Evaluation (EuroSCORE),
and the SYNTAX score. The following biochem-
ical parameters were also analyzed: glomerular
filtration rate, total cholesterol, high-density li-
poprotein cholesterol, low-density lipoprotein
cholesterol, and triglycerides.

The parameters monitored in the individual
cycles of rehabilitation were as follows: arterial
blood pressure, systolic and diastolic blood pres-
sures, heart rate, the use of pressor amines, oc-
currence of chest and sternum pain, blood pres-
sure drops during rehabilitation, and occurrence
of atrial fibrillation (AF).



TABLE 2 Clinical parameters of the study groups at baseline

Parameter Hybrid Classic P value
MIDCAB + PCI  CABG/OPCAB
(n=92) (n=108)

Age, y 62.6 (8.2) 64.3 (8.4) 0.16
Sex Men, n (%) 72 (78.3) 79 (73.1) 0.40

Women, n (%)  20(21.7) 29 (26.9)
Height, cm 169.5 (8.3) 168.1(7.3) 0.21
Body weight, kg 81.1(12.2) 82.2 (12.7) 0.56
BMI, kg/m? 28.2 (3.4) 29.0 (4.1) 0.13
Hypertension, n (%) 81 (88.0) 90 (83.3) 0.35
Diabetes, n (%) 23 (25.0) 33 (30.6) 0.38
Hyperlipidemia, n (%) 51 (55.4) 65 (60.2) 0.50
Smoking, n (%) 22 (23.9) 36 (33.3) 0.14
Previous myocardial infarction, n (%) 46 (50.0) 65 (60.2) 0.15
CCS grade, n (%) | 6 (6.5) 4(3.7) 0.32

Il 51 (55.5) 63 (58.3)

1l 35 (38.0) 38(35.2)

1\ - 3(2.8)
NYHA class, n (%) | 58 (63.0) 60 (55.6) 0.55

Il 33(35.9) 47 (43.5)

Il 1(1.1) 1(0.9)
EF, % 50.5 (5.8) 50.2 (7.5) 0.78
EuroSCORE 2.89(1.97) 3.54 (2.12) 0.028
SYNTAX score 23.3 (6.4) 23.0(5.4) 0.69
GFR, ml/min/1.73 m? 92.1(20.8) 88.8 (24.1) 0.31
TC, mmol/l 5.07 (1.40) 5.06 (1.17) 0.96
HDL-C, mmol/l 1.26 (0.30) 1.31(0.52) 0.42
LDL-C, mmol/l 3.0(1.13) 3.06 (0.97) 0.70
TG, mmol/I 1.82 (1.15) 1.73(1.06) 0.62
Adverse vascular events, n (%) 1(1.09) 3(2.78) 0.63
Renal insufficiency, n (%) - 1(0.93) 1.0
Delirium, n (%) - 3(2.78) 0.25
Transfusion of blood preparations, n (%) 14 (15.22) 32 (29.63) 0.016
Perioperative myocardial infarction, n (%) 5 (5.43) 4(3.79) 0.56

Stroke, n (%)

Death, n (%)

Data are presented as mean (SD) unless otherwise stated. A P value of 0.05 or lower

was considered significant.

Abbreviations: BMI, body mass index; CCS, Canadian Cardiovascular Society; EF, ejection
fraction; GFR, glomerular filtration rate; HDL-C, high-density lipoprotein cholesterol; LDL-C,
low-density lipoprotein cholesterol; TC, total cholesterol; TG, triglycerides; others, see

TABLE 1 and FIGURE 1

The analyzed stages of gradual mobilization
included sitting in the cardiological position, ac-
tive verticalization, the first walk, and unassist-
ed walking without restrictions.

Cost analysis The costs of rehabilitation dur-
ing the in-hospital period were estimated based
on data from resource allocation and cost calcu-
lation at the Silesian Center for Heart Diseases.
These data included the scope of costs of each re-
habilitation procedure, including both personnel
costs and the costs of breathing exercise devices.

The analysis was conducted for each patient
individually, and a comparison was made pro-
viding the average costs calculated per patient
in Polish zlotys.

Statistical analysis ~ The studied groups were com-
pared with respect to anthropometric parameters,
concomitant diseases, and clinical factors, and
the effects of treatment during the in-hospital
period were compared with the results of param-
eters monitored in the individual cycles of reha-
bilitation. The stages of gradual mobilization were
compared depending on the postoperative day
and cycle of rehabilitation, and the costs of reha-
bilitation in both study groups were also analyzed.

Continuous parameters with a normal distri-
bution were presented as means with SD, and
the significance of differences between the groups
was assessed by the t test. Continuous param-
eters with a nonnormal distribution were pre-
sented as medians, and the significance of dif-
ferences between the groups was assessed by
the Mann-Whitney test. Qualitative parame-
ters were presented as percentages, and the sig-
nificance of differences between the groups
was assessed by the x? test (in the case of ex-
pected frequencies, <5 Yates correction was ap-
plied). A P value of 0.05 or less was considered
significant.

RESULTS Analysis of the individual rehabilitation
cycles The characteristics of the study groups
are presented in TABLE 2. The groups were homo-
geneous in terms of the assessed parameters;
the only difference was a higher perioperative
risk in the group of patients undergoing clas-
sic CABG (P = 0.028), as assessed by the EuroS-
CORE. Death or neurological complications such
as stroke were not reported in any of the groups
(TaBLE 2). The classic group significantly more of-
ten required transfusion of blood preparations
(29.63% vs 15.22%).

During the 3 monitored cycles (FIGURE 24),
the hybrid group showed lower SaO, than the clas-
sic group (P = 0.049 for cycle 1, P = 0.002 for
cycle 2, and P = 0.02 for cycle 3). In the classic
group, systolic blood pressure was lower than
that in the hybrid group in cycles 1 to 4 (P <0.001)
(FicurE 2B), and diastolic blood pressure was low-
er in all the cycles (FicurE 2c). No significant dif-
ferences in heart rate were observed between
the groups during any of the cycles (FIGURE 2D).
In the group undergoing classic CABG, pressor
amines were more frequently used in all cycles
except the last one in which this parameter was
not studied per the trial’s protocol. The hybrid
group showed significantly lower Sa0O, in cycles
2 and 3. The selected parameters monitored dur-
ing all the cycles of rehabilitation are presented
in Supplementary material, Figure S1. Because
Sa0, was not monitored in cycle 4, these results
were not analyzed. In cycle 4, AF occurred sig-
nificantly more often in the classic group than
in the hybrid group (17.8% vs 5.7%). In cycles

ORIGINAL ARTICLE Hybrid treatment and rehabilitation in CAD 5
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5 and 6, most parameters were similar between
the groups except for the use of pressor amines in
cycle 5 (TaBLE 3). Lower SaO, values were observed
in patients undergoing lateral thoracotomy com-
pared with those undergoing median sternotomy
(mean [SD], 96.13% [2.77%] vs 97.43% [2.27%];
P =0.002).

Comparison of stages of gradual mobilization depend-
ing on the postoperative day and cycle of rehabilita-
tion Patients from the classic group were able
to sit (P <0.001), remain vertical (P <0.001), and
walk (P = 0.01) earlier than those in the hybrid
group. However, completion of rehabilitation and
discharge from the hospital occurred earlier in
the hybrid group (P = 0.001) (TABLE 4). A slower
pace of mobilization during the first 2 days after
the procedure in the hybrid group was associated
with the second stage of treatment at the hemo-
dynamic laboratory and the necessity to immobi-
lize the patient until the removal of the pressure
dressing. However, this slower pace did not influ-
ence the mean (SD) duration of rehabilitation and
hospitalization, which was shorter in the hybrid
group than in the classic group (TABLE 4). The num-
ber of cycles of rehabilitation on the first day af-
ter the procedure was lower in the hybrid group
than in the classic group (mean [SD], 2.09 [0.44]
vs 2.96 [0.19]; P <0.001), as was the total num-
ber of cycles during hospitalization (mean [SD],
6.70 [3.93] vs 8.45 [6.95]; P <0.001).

Costs of rehabilitation  The analyzed rehabilitation
procedures performed during hospitalization in-
cluded active general mobility exercises, breath-
ing exercises, breathing kinesiotherapy, and mo-
bilization (sitting, active verticalization, walk-
ing with the assisstance of the physiotherapist).

The costs of the rehabilitation procedures (in-
cluding the breathing exercise devices, such as
a bottle with water for exhale-resisting exercises
and a TRI-FLO apparatus for inhale-resisting exer-
cises; sternum belt; and other costs, including per-
sonnel costs) are presented in TABLE 5. The mean

(SD) costs of the procedures calculated per patient
were lower in the hybrid group than in the clas-
sic group (P <0.001). The costs of breathing exer-
cise devices calculated per patient were also low-
er in the hybrid group than in the classic group
(32.87 PLN vs 76.58 PLN). Finally, the total costs
of rehabilitation were also lower in the hybrid
group than in the classic group.

Number of patients in individual cycles of rehabili-
tation The groups differed in the number of pa-
tients participating in the individual cycles of re-
habilitation. This resulted from the fact that in
the hybrid group, during the first 3 cycles, most
patients were undergoing the second stage of
treatment at the hemodynamic laboratory and did
not participate in those particular cycles. More-
over, patients presenting with circulatory or re-
spiratory failure, patients returning to the oper-
ating theatre due to bleeding, or those with other
contraindications to exercise were excluded from
rehabilitation in both groups. In cycle 6, several
patients from the classic and hybrid groups un-
derwent rehabilitation in a cardiac surgery de-
partment. Finally, some patients achieved sta-
ble clinical condition and full self-reliance ear-
lier, and they were no longer monitored during
the final cycles of rehabilitation.

DISCUSSION Current data on hybrid treatment and
rehabilitation of patients with multivessel coronary
artery disease The PubMed, Medline, and MESH
databases were searched using the terms “hybrid
treatment” and “multivessel coronary artery dis-
ease”. “Rehabilitation” and “in-hospital stage”
filters were applied for the period from January
2005 to May 2017, without linguistic restrictions,
and the databases of medical libraries in the Sile-
sian region were also searched. We identified few
papers assessing this method of treatment or
comparing the hybrid method of revasculariza-
tion with classic CABG. According to the litera-
ture, hybrid treatment is an effective and safe
method associated with minimal risk. No studies
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TABLE 3 Results of the individual cycles of rehabilitation (1-6) in the study groups (continued on the next page)

Cycle of Parameter Hybrid Classic P value
rehabilitation MIDCAB + PCI CABG/OPCAB

1 n 55 107 -
Sa0,, % 96.82 (2.18) 97.55 (1.71) 0.049
SBP, mm Hg 126.6 (14.37) 117.50 (13.69) <0.001
DBP, mm Hg 65.85 (8.78) 62.94 (8.15) 0.029
HR, bpm 84.38 (12.49) 86.00 (12.40) 0.25
Pressor amines, n (%) 3(5.5) 17 (15.9) 0.097
Pain, n (%) 6(10.9) 21(19.6) 0.23
Arterial BP drops, n (%) 1(1.8) 4(3.7) 0.85
AF, n (%) 1(1.8) 3(2.8) 0.88

2 n 62 107 -
Sa0,, % 96.13 (2.77) 97.43 (2.27) 0.002
SBP, mm Hg 124.67 (13.85) 116.69 (14.65) <0.001
DBP, mm Hg 66.74 (9.71) 62.30 (8.57) 0.002
HR, bpm 85.35(12.91) 85.34 (13.79) 0.71
Pressor amines, n (%) 1(1.6) 17 (15.9) 0.008
Pain, n (%) 8(12.9) 21(19.6) 0.36
Arterial BP drops, n (%) 2(3.2) 4(3.7) 0.79
AF, n (%) 2(3.2) 4(3.7) 0.79

3 n 75 106 -
Sa0,, % 96.00 (2.41) 96.82 (2.33) 0.02
SBP, mm Hg 126.6 (16.95) 117.68 (14.76) <0.001
DBP, mm Hg 66.44 (10.79) 63.15 (9.00) 0.09
HR, bpm 85.23 (15.67) 84.44 (12.99) 0.95
Pressor amines, n (%) 2(2.7) 14 (13.2) 0.028
Pain, n (%) 8(10.7) 16 (15.1) 0.52
Arterial BP drops, n (%) 2(2.7) 7 (6.6) 0.39
AF, n (%) 4(5.3) 6 (5.7) 0.81

4 n 88 106 -
Sa0,, % - - -
SBP, mm Hg 122.53 (17.72) 115.41 (15.87) 0.002
DBP, mm Hg 67.08 (10.96) 62.24 (9.45) 0.001
HR, bpm 84.82 (16.38) 89.35(19.78) 0.09
Pressor amines, n (%) 1(1.1) 15 (14.1) 0.003
Pain, n (%) 5(5.7) 10(9.4) 0.48
Arterial BP drops, n (%) 6(6.8) 12 (11.32) 0.41
AF, n (%) 5(5.7) 19(17.92) 0.018

5 n 85 106 -
Sa0,, % - - -
SBP, mmHg 118.83 (14.74) 115.44 (13.59) 0.21
DBP, mm Hg 67.12 (10.50) 65.18 (10.93) 0.28
HR, bpm 81.62 (12.00) 79.60 (11.67) 0.21
Pressor amines, n (%) 1(1.2) 13(12.3) 0.007
Pain, n (%) 5(5.9) 8(7.5) 0.84
Arterial BP drops, n (%) 3(3.5) 11(10.4) 0.12
AF, n (%) 4(4.7) 8(7.5) 0.59
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TABLE 3 Results of the individual cycles of rehabilitation (1-6) in the study groups (continued from the previous page)

Cycle of Parameter Hybrid Classic P value
rehabilitation MIDCAB + PCI CABG/OPCAB
(n = 55) (n=107)

6 n 99 101 -
Sa0,, % - - -
SBP. mm Hg 122.59 (14.28) 119.73 (16.90) 0.13
DBP, mm Hg 70.17 (11.02) 69.12 (10.93) 0.51
HR, bpm 80.36 (14.74) 79.99 (13.35) 0.91
Pressor amines, n (%) - - -
Pain, n (%) - - -
Arterial BP drops, n (%) 2(2.0) 9(8.9) 0.09
AF, n (%) 6 (6.1) 11(10.9) 0.44

Data are presented as mean (SD) unless otherwise stated. A P value of 0.05 or lower was considered significant.

Abbreviations: AF, atrial fibrillation; BF, blood pressure; DBF, diastolic blood pressure; HR, heart rate; Sa0,, arterial oxygen saturation; SBF, systolic

blood pressure

TABLE 4  Stages of gradual mobilization the day after the procedure and in each cycle of rehabilitation

Stages of gradual mobilization Hybrid Classic P value
MIDCAB + PCI CABG/OPCAB
(n=92) (n = 108)
Day after Sitting in the cardiological position 1.25(0.81) 1.02 (0.19) <0.001
the procedure  xctive verticalization 2.43 (1.08) 141(1.19) <0.001
First walk with the physiotherapist 3.05(1.42) 2.79(1.37) 0.010
Unassisted walking 4.10 (2.45) 4.55 (3.75) 0.15
Discharge 6.74 (3.67) 7.41 (4.93) 0.001
Cycle of Sitting in the cardiological position 1.77 (1.60) 1.05 (0.32) <0.001
rehabilitation A ctive verticalization 4.23(1.70) 2.88 (2.25) <0.001
First walk with the physiotherapist 5.28 (2.13) 5.43 (2.50) 0.58
Unassisted walking 6.41 (3.62) 7.52 (6.39) <0.001

Data are presented as mean (SD). A P value of 0.05 or lower was considered significant.

Abbreviations: see TABLES 1 and FIGURE 2

that directly compared the results of rehabilita-
tion after the hybrid strategy for multivessel CAD
were found. Importantly, our paper is the first
randomized study on this topic. Therefore, our
comparative analysis of the course of rehabilita-
tion seems to be completely reliable.

The studied groups did not differ in terms
of the assessed parameters except the EuroS-
CORE (P <0.05). The EuroSCORE did not differ
between the originally randomized groups, an-
alyzed by the intention-to-treat principle (per
protocol, as they were randomized). Howev-
er, in the current analysis, the groups were se-
lected as the patients were treated (not as they
were randomized), which explains the differ-
ence in the EuroSCORE. In our opinion, this
one difference did not affect the similarity be-
tween the groups in a meaningful way. Although
the difference was significant, the absolute dif-
ference between the groups was only 0.15 points.
Moreover, we did not define any outcome mea-
sures in our study. All the results were present-
ed, analyzed, and discussed. Most of them were

the average values of the continuous variables,
and not the binary data. Therefore, we did not
adjust the results of our study for the small ab-
solute difference in the EuroSCORE.

Results of treatment with hybrid revascularization
The characteristics, treatment, and outcomes of
patients with acute coronary syndromes in Po-
land were reported by Poloriski et al'® and Zem-
bala et al."” In a study by Harskamp et al,'® hybrid
coronary revascularization (HCR) was associat-
ed with a significantly lower number of compli-
cations during the in-hospital period compared
with CABG; however, during a 3-year follow-up,
mortality rates observed after HCR and CABG
were similar.

In a meta-analysis by Peng Zu et al,'® includ-
ing patients from various centers, hybrid revas-
cularization was compared with classic CABG. No
significant differences in the rates of mortality,
myocardial infarction, stroke, AF, or renal insuf-
ficiency were found during the in-hospital peri-
od or after a 12-month follow-up.
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TABLE 5 Cost of the in-hospital rehabilitation in the study groups

Rehabilitation Hybrid Classic P value
MIDCAB + PCI CABG/OPCAB
(n=92) (n = 108)
Amount Value, PLN Amount Value, PLN

Active exercises 4,70 (2.47) 46.14 6.14 (4.50) 60.47 <0.001
Breathing exercises 5.93 (3.29) 58.01 7.90 (6.45) 77.87 <0.001
Mobilizations 4.01 (2.30) 26.11 5.50 (3.65) 36.19 <0.001
(verticalization, walking)

Total cost of the procedures - 130.25 (59.93) - 174.53 (129.36) <0.001
Other costs - 118.14 - 118.14 1.0
Bottle + hose 0.5 4.69 1.0 9.39 <0.001
TRI-FLO apparatus 09 28.18 0.07 2.19 <0.001
Sternum belt - - 1.0 65 <0.001
Total cost of rehabilitation - 281.26 - 369.25 <0.001

Data are presented as mean (SD) or mean. A P value of 0.05 or lower was considered significant.

Abbreviations: see TABLES 1 and 2
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In the 12-month follow-up of the POLMIDES
trial, the rates of mortality, myocardial infarction,
bleeding, and the necessity for repeat revascular-
ization were similar between the hybrid and clas-
sic treatment groups. No cerebral accidents were
observed in the groups either. The limitations of
the study included a pilot design and a follow-up
of only 12 months, which was not long enough to
illustrate the long-term effect of CABG compared
with HCR, with respect to major cardiac events.
In our study, we did not compare differences in
the rates of mortality between the groups either.

Factors influencing early postoperative rehabilita-
tion From a practical point of view, the most
important factor during rehabilitation is the pa-
tient’s clinical condition. In the early postop-
erative period, monitoring essential vital signs
(Sa0,, arterial blood pressure, and heart rate) is
required to detect any potential threats and thus
conduct rehabilitation in a safe way.?’ The pace of
rehabilitation largely depends on the use of pres-
sor amines and the presence of irregular heart-
beat (AF), pain, and blood pressure drops dur-
ing exercise.

AF worsens the patient’s clinical condition
and prolongs the duration of hospitalization.?'-??
Siebert et al?* compared the occurrence of AF in
patients after CABG and OPCAB and reported no
differences between the groups. When analyz-
ing the occurrence of AF in our own study dur-
ing the 6 cycles of rehabilitation, only a trend
towards a rarer occurrence of AF in the hybrid
group was observed.

Regardless of the applied surgical technique,
pain always occurs during the postoperative pe-
riod. However, the median sternotomy approach
is associated with less pain than lateral thora-
cotomy.? Mechanical ventilation of one lung
during the procedure can pose a high risk of
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hypoxia as a result of gas exchange disorders
in the lungs. Our results for SaO, confirm that
the ventilation of one lung and an increase in
pain in patients undergoing minimally invasive
procedures affect SaO, values during the early
postoperative period.

Effects of applied revascularization techniques
The postoperative period is often associated with
rapid fluctuations in cardiac hemodynamic pa-
rameters. An advantage of minimally invasive
procedures performed without cardiopulmonary
bypass is, apart from a lower demand for blood
products, a less frequent use of catecholamines.
Kucewicz et al*® compared the perioperative man-
agement and results of treatment in patients op-
erated by the classic method without cardiopul-
monary bypass. Catecholamines were adminis-
tered to 18% of patients in the CABG group and
to 9% of those in the OPCAB group. In our own
studies, pressor amines were also used significant-
ly more often in patients who received classic re-
vascularization. The use of pressor amines, espe-
cially at higher doses (>5 mg/kg/min), prolongs
hospitalization at the intensive care unit and de-
lays the patient’s mobilization, as compared with
standard management without the use of amines.

Fluctuations in arterial blood pressure in
the early period after revascularization can be
caused by different factors. In patients undergo-
ing a classic surgery, it can result from the adverse
effect of cardiopulmonary bypass. In patients un-
dergoing MIDCAB procedures, despite not using
cardiopulmonary bypass, significant fluctuations
in cardiac hemodynamic parameters are often ob-
served both before and after the surgical proce-
dure. Performing the procedure with this tech-
nique is associated with the necessity of open-
ing the pleural cavity during the procedure, which
causes pneumothorax and thus cardiopulmonary



disorders, depending on the size and duration of
the pneumothorax.?’?° During the 6 cycles of re-
habilitation, the classic group showed a tendency
for lower systolic and diastolic blood pressures.

Regardless of the surgical technique, the symp-
toms of orthostatic hypotonia should be con-
sidered during the first verticalization. Ortho-
static hypotonia more often occurs in elderly pa-
tients?®?’ and those who had been immobilized
for a longer time before the procedure due to un-
stable hemodynamic conditions, angina symp-
toms, or the need for support with an intra-aortic
balloon pump. In our study, blood pressure drops
during rehabilitation were significantly more fre-
quent in the classic group.

Heart rate is affected mostly by significant
postoperative pain, stress, and continuous ad-
renergic stimulation leading to tachycardia. Sys-
temic inflammatory response syndrome occurs
in most patients with cardiopulmonary bypass
and is another factor contributing to accelerat-
ed heart rate.?’ In our study, no significant dif-
ferences in heart rate during any of the cycles of
rehabilitation were observed.

The hybrid method used in our study consists
of 2 stages. After the second stage of treatment,
the patient has to be immobilized again. Therefore,
there are concerns that this approach to revascular-
ization can prolong rehabilitation and thus the hos-
pitalization period, which may lead to an increase
in treatment costs. In the study by Harskamp et
al,'® the average period between the 2 stages of
treatment was 3 days. In the POLMIDES trial,
the average period from the completion of MID-
CAB to PCI was 21 hours.”'” This resulted in only
aslight delay in the mobilization of patients treat-
ed with this method during the first 2 days after
the procedure compared with those treated with
the classic method. However, it ultimately did not
cause any extension of the rehabilitation or hospi-
talization period. In fact, hospitalization was sig-
nificantly shorter in the hybrid group.

To our knowledge, our study is the first to in-
vestigate this issue and our results need to be
confirmed in large randomized studies. Howev-
er, this strategy of revascularization is current-
ly recommended in everyday clinical practice.
The main limitation of the study is a relatively
small sample size, which was caused by the exclu-
sion of patients with left coronary artery trunk
disease, heart failure, and left ventricular ejection
fraction of less than 35% as well as the fact that
participants were recruited from a single center.
Conclusions Patients receiving the hybrid treat-
ment required administration of pressor amines
less frequently and less often experienced hy-
potonia. On the other hand, SaO, values were
significantly lower in this group compared with
the group receiving the classic treatment. Mobi-
lization of patients in the 2-stage regimen of hy-
brid treatment was slower during the first 2 days
and cycles of rehabilitation, but these patients

achieved full self-reliance earlier than those from
the classic group.
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