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Introduction

In the secondary prevention of coronary heart disease (CHD), 
physical activity has shown positive effects on morbidity and 
mortality. In particular, an increase in cardiorespiratory fitness, 
which represents a main part of cardiac rehabilitation pro-
grams, appears to be associated with a decrease in mortality.1

Electrocardiogram (ECG)-supported bicycle ergometric 
training constitutes a compulsory therapeutic tool in the car-
diac rehabilitation of CHD. As this form of therapy offers the 
possibility to set and monitor the determined training heart 
rate and exercise intensity via a previously completed exer-
cise ECG, such an intervention is a comparatively safe means 
of developing aerobic endurance.2

Basically, two training methods are distinguished: among 
them, continuous method usually applies the target pulse 
approach. Here, the exercise heart rate is determined during 
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an exercise ECG. Once this has been achieved, the computer-
controlled training program regulates the pedaling force 
such that the patient’s training heart rate is not exceeded.

The second type is the interval method. In the exercise 
sciences, interval training is a methodology in use for elevat-
ing exercise intensity above what is possible with continuous 
training. The aim is to increase the exercise stimulus.3–5 With 
this approach, two different levels of pedaling force alternate 
in a fixed time window. The interval method has increasingly 
been used in the treatment of patients with chronic diseases. 
Meanwhile, the effectiveness of the interval method has also 
been well proven in patients with CHD and is considered 
safe in cardiac rehabilitation.3–6

After coronary artery bypass grafting (CABG), rehabili-
tation presents special challenges. In these patients, exercise 
tolerance is low at the beginning of the cardiac rehabilita-
tion process in comparison to their preoperative physical 
condition.7 Pain as a result of sternotomy and saphenectomy 
represents, in addition to the psychological effects, a typical 
complication with which a patient and the staff of the reha-
bilitation facility are confronted.7 Furthermore, postopera-
tive risks such as wound-healing disorders, graft occlusions, 
myocardial ischemia, or arrhythmias must be considered. 
Especially in the first eight postoperative weeks, these com-
plications must be taken into consideration when perform-
ing muscular training exercises, and stretching and shearing 
movements of the thorax must be avoided.6

For patients after CABG, the potential of interval training 
has not yet been sufficiently established. Indeed, the recom-
mendations for rehabilitation of these patients are mostly 
derived from the guidelines for patients with other manifes-
tations of CHD,8 and most studies did not address immediate 
follow-up after acute cardiovascular treatment and did not 
consider the potential risks after CABG. Additionally, it is 
not known how continuous or interval aerobic training 
affects scar pain early in the wound-healing process. The 
purpose of the present study was to investigate whether the 
interval method represents a safe or even superior form of 
training compared to the continuous training method in 
patients early after CABG.

Methods

A total of 120 patients were randomized in a 1:1 fashion to 
the interval or continuous training group after CABG in this 
prospective, randomized, single-center, cohort study. A rand-
omization list was created, with the randomization algorithm 
assigning the patient IDs to the two treatment groups. 
Randomization was carried out by the study team using pre-
viously sealed, opaque, and consecutively numbered enve-
lopes after registering, informing, and receiving consent of 
the patients to participate in the study at the center.

Patients at the Paracelsus-Harz Clinic, Quedlinburg, 
Germany, aged ⩾ 18 years were included in the study early 
(less than 3 weeks) after CABG after giving written informed 

consent. The study was approved by the Ethics Committee of 
the Medical Association of Saxony-Anhalt.

The primary outcome was safety, which included the inci-
dence of scar pain, cardiac arrhythmia, symptomatic blood 
pressure fluctuations, or syncope/presyncope related to the 
exercise intervention. The extent of exercise-related pain in 
the wound-healing areas was determined by Faces Pain 
Scale–Revised (FPS-R).9,10

Secondary outcomes of this study were heart rate, peak 
power output, peak power output in relation to body weight, 
and maximum performance in relation to age and gender as 
a percentage of target performance in the comparison of 
exercise ECG at the start of the study period and second 
exercise ECG after the last training session.

The cardiac and performance-related measurement 
parameters were recorded with two ERG 911 BP loading 
ergometers (Schiller®). To record the cardiac measurement 
parameters, the 12-lead ECG and spiroergometry device 
AT-10 plus was used. The bicycle ergometric training was 
carried out in a facility with eight ergoselect 200 devices 
from ergoline®. Training control software ERS1 was used 
for training control and to record the training data.

The maximum pedaling power was a result of the first 
exercise ECG, which was performed according to the World 
Health Organization (WHO) recommendations, starting with 
25 W and increasing stepwise by 25 W each 2 min. The result 
after reaching the maximum of 100 W for 2 min as suggested 
for patients after CABG formed the basis for calculating the 
initial exercise intensity in both exercise groups. During 
interval training, 80% of the maximum pedaling power was 
completed in the exercise phase, as determined in the initial 
exercise ECG. For the exercise phase in endurance training, 
50% of the maximum pedaling power was set. The active 
recovery phase of the interval group was performed at 30% 
of the maximum pedaling power.

During the first training session, training loads were 
determined in both groups based on training heart rate and 
subjective perception of exertion. Exercise heart rate was 
defined as a heart rate reserve (HRR) at 70%. The follow-
ing formula was applied: HRR = HR at rest + 0.7 ×  
(HRmax − HR rest). The subjective perception of exertion 
was rated from 6 to 20 using the classic rated perceived 
exertion (RPE) scale.11 The aim was to achieve a scale 
value of 15. The underlying rationale for using both control 
parameters for intensity control was the notion that, in this 
way, a sufficient stimulus could be achieved.12,13

The exercise frequency we selected corresponds to the 
tolerance range of three to seven exercise units per week, 
according to the recommendations for endurance training in 
patients with CHD.1,6 Each session consisted of a total of 
20 min, of which 3 min corresponded to the warm-up phase, 
16 min to the main load phase, and 1 min to the cool-down 
phase. In the main load phase of the interval training, 16 
intervals were completed, in which the loading phase com-
prised a duration of 20 s and the recovery phase a duration of 
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40 s. The chosen duration and the resulting ratio between the 
two interval phases of 1:2 correspond to the guideline on 
physical activity in secondary prevention and therapy of car-
diovascular diseases established by Bjarnason-Wehrens and 
her working group.6

Statistical analysis

The sample size was determined on the basis of a prelimi-
nary examination during which the effect on heart rate at a 
defined exercise level was examined as part of a 3-week 
bicycle ergometric training in patients after CABG.

Assuming a test strength of 0.80 and a two-sided signifi-
cance level of 0.05, a case number of n = 49 per group was 
calculated. Taking into account a dropout rate of 20%, the 
overall sample size for this study was n = 120.

Depending on the scaling type and the prerequisites for 
statistical analysis methods, parametric and nonparametric 
tests were used to compare samples. For nominally scaled 
variables, the chi-square independence test was used. After 
considering the underlying assumptions, variance analysis 
methods were applied for metric variables, using the general 
linear model (GLM) with repeated measures or without 
repeated measures. In order to calculate time and interaction 
effects, we employed the GLM with repeated measures.

To estimate and compare the effect sizes, the effect sizes 
(Cohen’s d) and the partial eta squared ( )ηp

2  were determined. 

Differences between means were considered statistically sig-
nificant if p values were less than 0.05. Statistical analysis was 
performed using SPSS version 25.0 for Windows (SPSS Inc., 
Chicago, IL, USA).

Results

After CABG, 120 patients were randomized in equal propor-
tions to the interval group and continuous group. The inter-
val group consisted of 54 men and 6 women (mean age: 
60.5 ± 9.4 years) and the continuous group consisted of 50 
men and 10 women (mean age: 61.9 ± 9.0 years). No differ-
ences between gender distribution and age were found 
between the two groups, χ2 (1, n = 120) = 1.15, p = 0.283 and 
F (1, 119) < 1, p = 0.388, ηp

2 = 0 006. , respectively.
Furthermore, body mass index (BMI; 29.1 ± 5.8 kg/m2 

I-group vs 29.0 ± 4.1 kg/m2 continuous group, F (1, 119) < 1, 
p = 0.920, ηp

2 < 0 001. ) and waist-hip ratio (1.1 ± 0.1 interval 
group vs 1.0 ± 0.1 continuous group F (1, 119) = 5.75, 
p = 0.180, ηp

2 = 0 002. ) did not differ between the two groups 
either.

The interval between surgery and admission to rehabilita-
tion was 17.0 ± 6.9 days for the interval group and 
17.8 ± 12.4 days for the continuous group (F (1.119) < 1, 
p = 0.668, ηp

2 = 0 002. ).
Moreover, all other baseline parameters were comparable 

in the two groups (Table 1).

Table 1.  Baseline parameters.

All n = 120 I-group 
n = 60

C-group 
n = 60

p-value

Age, years 61.2 ± 9.2 60.5 ± 9.4 61.9 ± 9.0 0.388
BMI, kg/m2 29.0 ± 5.0 29.1 ± 5.8 29.0 ± 4.1 0.920
Waist-hip ratio 1.0 ± 0.1 1.1 ± 0.1 1.0 ± 0.1 0.180
Male, % 86.7 90.0 83.3 0.283
Hypertension, % 93.3 91.7 95.0 0.464
Diabetes mellitus, % 41.7 45.0 38.3 0.459
Atrial fibrillation, % 10.0 13.3 6.7 0.224
Dyslipoproteinemia, % 90.8 93.3 83.3 0.343
Renal insufficiency, % 9.2 10.0 8.3 0.752
Left ventricular ejection fraction, % 57.6 ± 10.0 56.7 ± 9.3 58.4 ± 8.7 0.424
Creatinine, µmol/L 92.0 ± 67.3 99.2 ± 92.5 84.9 ± 22.2 0.414
Glomerular filtration rate, mL/min 88.7 ± 21.1 88.3 ± 21.7 89.0 ± 20.6 0.878
Leukocytes, gpt/L 7.7 ± 2.1 7.9 ± 2.1 7.5 ± 2.1 0.090
Hemoglobin, mmol/L 7.4 ± 0.8 7.5 ± 0.8 7.4 ± 0.8 0.662
CRP, mg/L 12.8 ± 13.2 13.3 ± 13.6 12.2 ± 13.0 0.382
Beta-blocker, % 95.0 98.3 91.7 0.094
Amiodaron, % 5.8 8.3 3.3 0.243
ACE-inhibitor, % 58.3 56.7 60.0 0.711
ARB, % 32.5 36.7 28.3 0.330
Time since CABG, days 17.4 ± 10.0 17.0 ± 6.9 17.8 ± 12.4 0.668
Duration of inpatient rehabilitation, days 22.9 ± 3.8 23.2 ± 4.1 22.6 ± 3.6 0.368

BMI: body mass index; CRP: C-reactive protein; ACE inhibitor: angiotensin-converting enzyme inhibitor; ARB: angiotensin receptor blocker; CABG: coro-
nary artery bypass grafting.
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Dropouts

Among the total number of 29 dropouts, 16 patients were 
from the interval group and 13 patients from the continuous 
group (χ2 (1, n = 120) = 1.41, p = 0.522).

Patients excluded from data analysis were those in whom 
a second exercise ECG was not conducted and/or had less 
than 180 min of training intervention throughout the course 
of rehabilitation, for example. In two patients, an evaluation 
was not possible due to data loss.

Safety

All patients had received a sternotomy. In 33 patients (75.0%) 
of the interval group and 30 patients (63.8%) of the continu-
ous group, saphenectomies had been performed.

Of the interval group, a total of four patients (12.1%) 
reported pain on the saphenectomy scar as a result of the 
training intervention. In the continuous group, a total of six 

patients reported pain (20.0%) (χ2 (1, n = 63) = 0.73, 
p = 0.393). In one patient in the interval group (2.3%) and six 
patients in the continuous group (12.8%), a radial artery graft 
was used. None of the patients reported exercise-related pain 
in the scar area of the lower arm (Figure 1).

None of the patients had to interrupt or stop a training ses-
sion due to scar pain and none of the patients experienced 
cardiac arrhythmia, symptomatic blood pressure fluctuations, 
or syncope/presyncope related to the exercise intervention.

Training results

The results of the training sessions showed that, taking into 
account the total intervention time, the number of training 
minutes in the interval group at 265 ± 62 min did not differ 
from that of the continuous group at 287 ± 72 min (z = −0.81, 
p = 0.417) (Figure 2(a)).

No effect on mean heart rate during training sessions was 
found during the intervention (F (2.130) = 1.58, p = 0.209, 
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Figure 1.  Frequency (numbers of patients reporting) of exercise-induced pain intensity: (a) Sternotomy and (b) Saphenectomy.
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Figure 2.  (a) Mean training duration during the 3-week rehabilitation period and (b) mean physical work during the 3-week 
rehabilitation period.

ηp
2 = 0 024. ), nor was a difference observed between the 

interval group and continuous group (F (2.130) < 1, p = 0.991, 
ηp

2 < 0 001. ) (Figure 3(a)).
With regard to the physical work performed during the 

study period, comparable results were found (see Figure 
2(b)). At 707 ± 284 KJ, the mean physical work of the inter-
val group did not differ from that of the continuous group 
with 771 ± 330 KJ (F (1.90) < 1, p = 0.325) (Figure 2(b)).

The 3-week rehabilitation program showed a statistically 
significant effect with respect to mean improvement in phys-
ical work in both groups (F (2.132) = 86.84, p < 0.001, 
ηp

2 = 0 601. ) (see Figure 3). However, a difference between 
groups could not be determined (F (2.132) < 1, p = 0.990, 
ηp

2 < 0 001. ) (Figure 3(b)).

The peak power output (maximum pedaling power) in the 
interval group increased from 86.6 ± 16.6 to 112.2 ± 27.5 W, 
with an effect size of d = 1.13, and in the continuous group 
from 83.9 ± 17.0 to 108.4 ± 21.5 W, with an effect size of 
d = 1.36 during 3-week inpatient rehabilitation in both groups 
(F (1.88) = 153.58, p < 0.001, ηp

2 = 0 636. ); however, an 
interaction effect could not be determined in comparing the 
study groups (F (1.88) < 1, p = 0.699, ηp

2 = 0 002. ) (Figure 4).
The peak power output in relation to body weight 

increased in the interval group from 0.98 ± 0.19 W/kg to 
1.27 ± 0.31 W/kg, with an effect size of d = 1.13. For the con-
tinuous group, an increase from 1.00 ± 0.19 W/kg to 
1.32 ± 0.24 W/kg was observed (d = 1.39). This increase was 
significant in both groups (F (1.89) = 138.25, p < 0.001, 
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ηp
2 0 608= . ). Again, an interaction effect could not be deter-

mined in comparing the study groups (F (1.89) < 1, p = 0.509, 
ηp

2 = 0 005. ).

Discussion

In the present study, two bicycle ergometric methods—13–14 
sessions of interval or continuous training performed for 
20 min each—were compared during a 3-week inpatient 
rehabilitation period in 120 patients early after CABG sur-
gery, with the aim of comparing the two methods with regard 
to their safety and effectiveness.

Safety

Although patients began rehabilitation treatment soon after 
surgery, both the interval method and the continuous training 
method performed for 13–14 moderate exercise sessions 
over 20 min each during the 3 weeks of inpatient rehabilita-
tion can be considered safe according to our study.

Figure 3.  Development of mean heart rate during training sessions (a) and mean physical work (b) in the two groups during the 
3-week inpatient rehabilitation. The main phase included 16 min of exercise during each training session in which the calculated exercise 
frequency was reached.

The primary aim of this study was to examine the occur-
rence of pain in surgical scars caused by the exercise stress 
and cardiovascular complications during ergometry training. 
The main result was that, irrespective of the training method, 
patients experienced pain after individual training sessions 
both in the wound area of the sternotomy and in the saphe-
nectomy scars. Although the patients reported scar pain, it 
did not affect their decision to continue the training interven-
tion (data not presented), which is in line with the results of 
another recent study.14

Furthermore, no cardiac arrhythmias, symptomatic blood 
pressure changes, or syncope/presyncope attributable to the 
training intervention were found in either group. This posi-
tive result underpins the data on the cardiovascular safety of 
interval and continuous training in comparative methodo-
logical studies involving patients with CHD.

Previous studies with comparable designs have shown the 
same results.5,12,15–17 However, the present study is the only 
investigation that has compared interval and continuous 
training in patients early (mean 17.4 days) after CABG 
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although a very recent study showed in patients early after 
CABG that “conventional physical therapy combined with 
peripheral muscle strength training and respiratory muscle 
strength training may reduce inspiratory muscle strength loss 
and improve pain and vitality perception in the immediate 
postoperative period after CABG.”18

Efficiency

Ergometry training in addition to other therapeutic interven-
tions during a 3-week inpatient rehabilitation increases 
physical ability in patients early after CABG. Efficiency, as 
the result of functional adaptations of the heart during 
endurance training, lowers cardiac stress at identical work-
loads. The present study showed an approximately 30% 
increase in maximum efficiency and an approximately 30% 
increase in maximum performance in relation to body 
weight in both groups, which is consistent with the results of 
other studies.5,19–24

However, as the main secondary outcome, differences in 
heart rate adaptations during exercise were not found during 
the 3-week inpatient rehabilitation in either group.

Comparison of interval training versus continuous 
training

We expected higher exercise intensity in the interval group 
than in the continuous group after training for 3 weeks 
according to the results of other groups.20,21 However, 
interval training was not superior to continuous training in 
patients early after CABG regarding improvement in phys-
ical performance in this study. Existing meta-analyses of 
studies comparing interval and continuous training in 
patients with CHD showed that study parameters and 
designs diverge greatly. Thus, the interpretation and com-
parability of these studies are limited.25–29 However, look-
ing at comparable studies in detail, four studies did not 

find the interval method to be superior in terms of increas-
ing maximal endurance capacity5,19,22,23 whereas three 
studies found interval training to be superior to continuous 
training.20,21,24

This raises the question of how to interpret the results  
of the current study in the light of previous studies. In addi-
tion to comparing the training methods, it might be informa-
tive to examine the intensity differences between the exercise 
and recovery phases of interval training. Neither great  
differences21–23 nor small differences in intensity16,17,30,31 
between the phases showed that interval training, in terms of 
maximum power improvement, was clearly superior to the 
continuous method. Thus, intensity cannot be the only 
parameter affecting the assessment of the interval method in 
some studies.

In comparable studies, the study designs vary greatly since 
the majority of the protocol features differ considerably from 
each other. In addition, these studies were much smaller (18 
and 45 patients) and the duration of exercise longer (approxi-
mately 750 min in both studies), which might best explain the 
differing results.16,21

Limitations

The single-center study design, which may involve local 
characteristics, limits the generalizability of the results. 
Furthermore, the higher participation rate of men than 
women represent a limitation, although gender-specific dif-
ferences with regard to training-associated pain and train-
ing discontinuations could not be determined (data not 
presented).

Other important limitations are as follows: first, the dif-
ference between calculating sample size by heart rate and the 
primary endpoint and, second, according to a relatively low 
event rate in the literature the study was underpowered with 
regard to drawing conclusions on the impact of moderate 
exercise training on safety.
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Conclusion

Pulse-controlled ergometry training performed as interval or 
continuous training during inpatient rehabilitation was safe 
according to reports of pain with equal training intensities 
and effective regarding an increase in physical fitness early 
after CABG in patients with CHD, but no differences 
between the methods were found.
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