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Original Article

Safety and efficacy of a novel quantitative phase I exercise in 
patients after cardiopulmonary bypass: a single-blind, prospective, 
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Background: Despite the positive effect of early post-cardiac surgery exercises, the concern of safety 
issues is high, indicating the need for standardized and quantitative mobility indicators to enhance early 
mobilization monitoring in the intensive care unit while ensuring patient safety. This study aimed to compare 
the safety and efficacy of quantitative phase I exercise versus usual care in patients who have undergone 
cardiac surgery.
Methods: In this non-randomized, single-blind trial, patients following on-pump cardiac surgery were 
allocated to either quantitative exercise (intervention group, n=114) or usual care (control group, n=114) 
based on their willingness. Continuous cycling ergometer was used for intervention, and the peak power was 
recorded for setting next exercise intensity. Noninvasive cardiac output monitoring during exercise was used 
for safety management. Patients received one time per day, seven sessions in total.
Results: Two-way repeated-measure analysis of variance demonstrated significant group and test time 
difference for forced expiratory volume in 1 s (FEV1) (P=0.01), maximum expiratory pressure (MEP) (P=0.02), 
peak expiratory flow (PEF) rate (P=0.045), and 6-minute walking distance (6MWD) (P=0.001); more 
improvement of 6MWD in intervention group (P<0.001). Intervention group showed significant post-test 
improvements except FEV1/forced vital capacity (FVC). Post-test differences between groups were observed 
in FEV1 (P=0.02), FVC (P=0.02), MEP (P=0.02), 6MWD (P<0.001), and △6MWD (P<0.001). Analysis of 
covariance with smoking as covariate showed consistent results. Postoperative stay in intensive-care unit in 
the intervention group [mean ± standard deviation (SD), 3.0±1.3] was shorter than that in the control group 
(mean ± SD, 3.5±2.2) (P=0.03).
Conclusions: Quantitative phase I exercise applied to patients following cardiopulmonary bypass is safe 
and recovers respiratory and physical capacity more quickly.
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Introduction

Cardiovascular diseases are frequent diseases with 
considerable morbidity and mortality. Numerous heart 
conditions are treated by cardiac surgery, which in most 
cases involves cardiopulmonary bypass surgery. Despite 
recent notable advancements, postoperative morbidity (up 
to 70%) and pneumonia (2–15%) associated with cardiac 
surgery remain variable, depending on the specific surgical 
intervention, patient comorbidities, and frailty (1-4).

Enhanced recovery after surgery (ERAS) represents 
a comprehensive and interdisciplinary approach to 
optimize the perioperative management of patients, 
with the primary goal of facilitating early recovery, 
enhancing patient satisfaction, and reducing postoperative 
morbidity, mortality, and hospitalization duration (5). 
The ERAS pathway encompasses three distinct phases of 
the surgical process, namely preoperative, perioperative, 
and postoperative. Postoperative early mobilization after 

cardiac surgery is recommended to decrease postoperative 
morbidity and length of stay in the intensive-care unit 
(ICU) and hospital (6). Indeed, there is evidence that 
early rehabilitation starting within the first 2 weeks after 
operation (including cardiovascular, respiratory, and exercise 
rehabilitation) is associated with a lower incidence of 
pneumonia, improvement of functional capacity, and better 
respiratory function (7-11). Among these methods, exercise 
therapy is essential for a quick postoperative recovery.

Despite the positive effect of early postoperative 
exercises, there are still some concerns. For example, the 
intensity of activities is determined based on Borg scale, 
which is not an objective criterion. Another issue is outcome 
assessment. The 6-minute walk test (6MWT) is widely 
recognized as a dynamic indicator of cardiac function. 
However, its clinical implementation in patients following 
cardiac surgery is hindered by excessive drainage tubes 
and pain during the early stages of recovery, which may 
impede its feasibility. Moreover, the test results are highly 
subjective, which further complicates the clinical utility of 
the test.

While early mobilization in ICU certainly offers clinical 
benefits, patient safety is one of the most commonly 
reported barriers to delivering early mobilization (12). One 
reason is that it is difficult to objectively evaluate mobility 
intervention. Thus, the use of standardized indicators for 
documenting mobility, quantitative metrics to measure 
mobility, and trending mobility metrics over time are 
important to improve early mobility monitoring (13). While 
in-bed cycling has been used and recommended in ICU by 
various studies (9,14) and guideline (6) for early initiation 
of mobilization, there remains a lack of standardized and 
quantitative methods for setting exercise intensity and 
evaluating mobility objectively. In contrast, the use of a 
cycle ergometer as a novel treatment option in ICU offers 
a more objective approach, particularly among critically 
ill patients (15) and mechanically ventilated patients (16). 
However, its widespread utilization is more common among 
outpatients rather than within hospital settings. 

The aim of this study was to examine the short-term 
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effects of a novel lower limb rehabilitation program utilizing 
cycle ergometer with quantitative exercise prescriptions 
on the respiratory function of patients following cardiac 
surgery. The hypothesis of this study is that implementing 
a novel lower limb rehabilitation program utilizing a cycle 
ergometer with quantitative exercise prescriptions will 
lead to short-term improvements in respiratory function 
compared to usual care among patients following cardiac 
surgery. The results would provide standardized and 
high-quality data, supporting trend analysis to improve 
measurement and monitor early mobilization among 
patients following cardiac surgery. We present this article 
in accordance with the TREND reporting checklist (17)  
( ava i lab le  a t  ht tps : / / j td .amegroups .com/art ic le/
view/10.21037/jtd-24-753/rc).

Methods

Study design and participants

This trial was conducted at the Nanjing Drum Tower 
Hospital of the Affiliated Hospital of Nanjing University 
Medical School between November 5, 2022, and August 31, 
2023. The patients were enrolled voluntarily after providing 
informed consent. The study was approved by the Ethics 
Committee of the Nanjing Drum Tower Hospital of the 
Affiliated Hospital of Nanjing University Medical School 
(No. 2022-467-03). Of note, it is not ethical to have a no-
rehabilitation arm; therefore, usual care served as a control 
in this study. The trial was registered in the Chinese 
Clinical Trial Registry (No. ChiCTR2200065367). The 
study was conducted in accordance with the Declaration of 
Helsinki (as revised in 2013).

The study included the patients satisfying the following 
criteria: (I) undergoing on-pump open-heart cardiac 
surgery; (II) aged 18 years or above; (III) capable of 
completing bedside pedal exercises; (IV) 24 hours of 
cardiovascular stability without myocardial ischemia; and (V) 
willing to participate in the study.

The exclusion criteria were as follows: (I) postoperative 
cardiac and pulmonary dysfunction; (II) liver and kidney 
dysfunction; and (III) orthopedic, psychiatric, neurological 
problems (18,19).

After the first visit, eligible patients were allocated into 
the intervention group or the control group based on their 
willingness. As with most cardiopulmonary rehabilitation 
trials, the patients and providers could not be blind to group 
allocation.

Intervention

Due to fatigue and other treatment schedule of patients, 
it is hard for patients to complete daily rehabilitation 
consecutively for seven days. Therefore, we allowed patients 
to complete seven rehabilitation sessions within 14 days. 
Thus, all of the patients completed seven sessions therapy 
in total (one time per day) during 1–2 weeks’ hospital stay. 
The therapy was supervised individually with physical 
therapists with more than 3 years of experience. 

The intervention group received cycle ergometer 
exercise combined with usual care. The control group 
received only usual care. Participants received personalized 
feedback on their progress during each session, highlighting 
their achievements and areas for improvement.

Cycle ergometer exercise 

In the first two days post-operation in intensive care, the 
same physical therapist performed the manual muscle 
testing (MMT) of flexor and extensor in lower extremity, 
result showed most of the patients had an MMT grade 
lower than 5. To regain muscle strength, a multifunctional 
electromagnetic cycle ergometer was employed, with modes 
including passive exercise (for MMT grades 0 and 1),  
assisted exercise (for MMT grades 2 and 3), and active 
resistance exercise (for MMT grades 4 and 5; adjustable 
resistance from 0 to 100 watts). The patients were exercised 
until their MMT grade reached grade 5, and their 
cardiopulmonary function was subsequently tested.

At the first session, the patients wore a noninvasive 
cardiac output monitor device (Bioz-Plus, Shenzhen 
Medean Medical Equipment Co., Ltd., Shenzhen, China), 
which continuously monitored electrocardiogram, blood 
oxygen, and blood pressure. Continuous cycling (Innovative 
Exercise Rehabilitation Management System RE1000, 
Nanjing Hanya Health Technology Co., Ltd., RE Series 
Products, Nanjing, China) was performed with a gradual 
increase in power output, ranging from 1 to 4 watts per 
minute, reaching the symptom-limited maximum exercise 
intensity within 8–12 minutes. The peak power was 
recorded for setting the next exercise session intensity.

From the second to the seventh session, each session 
followed a five-stage protocol. The first stage (warm-up 
period) involved cycling without resistance for 2 minutes. 
In the second stage, power gradually increased, reaching the 
prescribed power output after 2 minutes (the power was set 
at 50% of the peak power achieved in the previous session). 

https://jtd.amegroups.com/article/view/10.21037/jtd-24-753/rc
https://jtd.amegroups.com/article/view/10.21037/jtd-24-753/rc
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In the third stage, the constant power output was maintained 
for 10 minutes. In the fourth stage, the power was gradually 
decreased, reaching a minimum after 2 minutes. Finally, 
in the fifth stage (recovery period), cycling was performed 
without resistance for 2 minutes. Subsequently, this training 
was repeated daily with adjustments to power output based 
on the patient’s endurance.

Usual care

Passive and active rehabilitation training
Starting on the first day after surgery, nurses assisted the 
patients in passive hand and lower limb exercises. Hand 
exercises involved forceful gripping and extension of the 
fingers in a supine position, with 30 repetitions. Lower 
limb exercises included regular dorsal and plantar flexion of 
both feet, while the patient was in a supine position. Then 
patients were encouraged to mobilize for early ambulation 
such as sitting, standing and walking. The training session 
changed from passive to assisted and active according to the 
patient condition, with 30 repetitions.

Breathing training
Pursed-lip breathing
The patients performed deep inhalation through the 
nostrils, followed by slow exhalation through pursed lips, 
resembling a whistle. The exhalation lasted 4–6 seconds, 
and lip-pursing intensity was adjusted by the patient.
Diaphragmatic breathing
The patients adopted a comfortable posture and were 
instructed to place one hand on their chest and the other 
one on their abdomen. During inhalation, the chest had 
to remain as stable as possible, with the primary focus on 
abdominal expansion. Inhalation was supposed to occur 
through the nasal passages, and exhalation could utilize the 
pursed-lip technique.
Breathing exercises
The patients were guided through various breathing 
exercises, including diaphragmatic breathing with arm 
elevation and relaxation, followed by deep breaths, lifting 
both arms to 90 degrees during inhalation and lowering 
them during exhalation.

Forced expiration training
The patients were encouraged to perform relaxed but 
deep inhalation and utilize diaphragmatic breathing. The 
therapist guided the patients through forceful cough and 
abdominal muscle contraction. The patients were instructed 

to place both hands on their abdomen and perform three 
quick forced expirations, sensing abdominal muscle 
contraction. The patients also practiced making a “k” sound 
to feel vocal cord tension, glottis closure, and abdominal 
muscle contraction. When these actions were combined, the 
patients were guided to perform deep but relaxed inhalation 
followed by a rapid double cough.

The usual care was performed six times per set, once in 
the morning and once in the afternoon.

Outcomes

During the preoperative period (i.e., on the day before 
surgery), a direct interview was conducted with each subject. 
Data collected included sex, age, smoking, New York 
Heart Association (NYHA) class, comorbidities such as 
hypertension, diabetes mellitus, and chronic lung diseases. 
For the evaluation of anthropometric measurements, 
weight (kg), height (cm), and body mass index (kg/m2) were 
measured. The postoperative data regarding the surgical 
type, ICU length of stay, hospital length of stay, and adverse 
effects were collected from each subject’s medical records. 
The primary and secondary outcomes were assessed before 
the first session and after seven sessions of postoperative 
rehabilitation.

To determine the primary outcomes of pulmonary 
functional test (PFT), the participants in the intervention 
and control groups were tested with a portable lung 
function detector XEEK-X1 (Saike Medical Equipment 
Co., Ltd., China). During the test, forced vital capacity 
(FVC), forced expiratory volume in 1 s (FEV1), FEV1/
FVC ratio, peak expiratory flow rate (PEF), and respiratory 
muscle strength indexes [maximum inspiratory pressure 
(MIP) and maximum expiratory pressure (MEP)] were 
measured.

The secondary outcome was 6MWT. The 6MWT 
measures the submaximal level of functional capacity. All 
of the patients underwent a 6MWT along the 30-meter 
Department’s flat corridor. The patients’ blood pressure was 
measured before and at the end of the test, and the heart 
rate and blood oxygen levels were monitored during the 
test. The total 6MWD was recorded. The maximum load 
(W), peak metabolic equivalent (METS), systolic blood 
pressure (SBP), diastolic blood pressure (DBP), peak heart 
rate, and exercise duration during the ergometer exercise 
were recorded at the first and last sessions.

All assessments were completed pre- and post-
rehabilitation (see Figure 1). The same rehabilitation nurse 
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Assessed for eligibility 
(n=364)

Excluded (n=136)
(i)	 Not meeting inclusion criteria 

(n=45)
(ii)	Declined to participate (n=91)

Allocated patients 
(n=228)

Allocation

Analysis

Enrollment

Intervention group (n=114)
• Phase I cycle ergometer 
• Usual care

Control group (n=114)
• Usual care

Drop out (n=10)
• Not insist to taking cycle ergometer

Drop out (n=8)
• Not insist to taking usual care

Full-analysis data set (n=114) Full-analysis data set (n=114)

Total of Patients who completed the 
study (n=104)

Total of Patients who completed 
the study (n=106)

Figure 1 Flowchart of the subjects who were enrolled, were allocated, completed the intervention, and were included in the analysis.

performed the assessments at each time point, and was 
blinded to allocation, maintaining separate communication 
channels for the allocation information or discussing 
rehabilitation details with participants.

Statistical analysis

Sample size calculation was based on the expectation of 
FEV1 change was 0.32 L in the intervention group and  
0.43 L in the control group (20). The G*Power 3.1.9.2 
program was conducted using t tests to determine the 
required sample size for comparing means between two 
independent groups. The analysis assumed a two-tailed 
test with an effect size (Cohen’s d) of 0.4 (medium). The 
significance level (α) was set at 0.05, aiming for a statistical 
power (1–β) of 0.8. The allocation ratio between groups 
(N2/N1) was 1, resulting in a total sample size of 208 
participants (104 per group). These parameters were used to 
ensure adequate statistical power for detecting meaningful 
differences between groups in the planned study. 

Considering an estimated 10% loss in our unpublished pilot 
study, 114 participants were planned to be included in each 
group (total N=228).

All statistical analyses were performed using the statistical 
software package IBM SPSS 26.0 (IBM Corp., Armonk, NY, 
USA), and the analyses were according to the intention-
to-treat (ITT) principle to provide a more conservative 
estimate of treatment effect, with the significance set at 
P<0.05. The Shapiro-Wilk test was used to assess normality 
of data distribution. Differences in sociodemographic, 
clinical characteristics, and adverse effects between the 
groups were examined using the t-test for independent 
samples and the Chi-squared test. To analyze the differences 
in primary outcomes, 6MWD and cardiac function, a mixed 
model two-way repeated-measures analysis of variance 
(ANOVA) included the group (intervention and control 
groups) and test time (pre and post) was used. Significant 
main and interaction differences were examined. Analysis 
of covariance (ANCOVA) was used with any patient 
characteristic difference variables as covariates. Post hoc 
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testing was performed using Bonferroni pair-wise tests 
outside the ANOVA for multiple comparisons. The P value 
was corrected based on the number of comparisons. For 
the ergometer exercise parameters, paired-samples t-test 
was used to analyze the differences with the interventional 
group.

Results

A total of 364 patients undergoing cardiac surgery were 
considered for their eligibility. Among them, 228 patients 
were assigned to the intervention group or the control 
group. During the study, 10 patients in the intervention 
group and 8 patients in the control group dropped out 
because they did not follow the rehabilitation. Finally, 
all 114 patients in each group were included in the ITT 
analysis (Figure 1).

Patients’ characteristics

Table 1 shows basic patients’ characteristics. There were 
more smokers in the intervention group. Postoperative 
ICU stay was shorter in the intervention group than in the 
control group. There were no significant differences in 
other patients’ characteristics between the groups. Valve-
only was the most common surgery type in both groups.

PFT parameters, 6MWD, and cardiac function

Table 2 showed the differences of primary outcomes, 
6MWD and cardiac function for different groups and test 
times. A significant group × test time interaction was found 
for FEV1, MEP, PEF and 6MWD. A significant main effect 
of group was found for 6MWD and significant main effect 
of test time was found except for LVEF (%).

Additionally, ANCOVA with smoking as covaries showed 
the same result with ANOVA except for the significant 
group × test time interaction in PEF (supplementary 
material, Table S1).

For the main effect of group, Bonferroni pair-wise tests 
(significant P value corrected to 0.025) revealed statistically 
significant difference in post-test compared to pre-test in 
all the parameters among intervention group, but except for 
FEV1/FVC (%) among control group (Table 3).

For the main effect of test time, Bonferroni pair-wise 
tests (significant P value corrected to 0.025) revealed 
none statistically significant difference among all the pre-
test parameters, but with post-test difference between 

two groups in FEV1, FVC, MEP, 6MWD and △6MWD  
(Table 3).  Moreover, the △6MWD increase in the 
intervention group was greater than that in the control 
group (Table 3).

In the intervention group, the ergometer exercise 
parameters improved significantly (P<0.001) (Table 4). All of 
the patients experienced significantly improved maximum 
load maximal exercise capacity, and exercise duration at the 
end of the training period.

Pulmonary complications

After operation, there was no significant difference in 
the occurrence of pulmonary infections between the 
intervention group and the control group (Table 1). After 
rehabilitation, all of the patients were without pulmonary 
infection.

Discussion

This study evaluated the safety and efficacy of quantitative 
phase I exercise with a novel cycle ergometer on the 
pulmonary function during the early postoperative period 
following cardiac surgery. With the precise evaluation of 
power during cycle ergometry, the intervention group 
protocol delivered additional improvements relative to the 
control group, in both pulmonary and physical function 
domains. Furthermore, quantitative phase I exercise was 
associated with a shorter ICU stay and comparable total 
hospitalization costs and hospital stay, and there were no 
additional adverse events compared with usual care.

Pulmonary complications after cardiac surgery are 
common due to significant hemodynamic and physiologic 
alterations (21). Pulmonary dysfunction is a significant 
complication, which results in notable reductions in lung 
volumes, vital capacity, and oxygenation, as well as a 30–50% 
decrease in FEV1, FVC, and functional residual capacity (22). 
Early postoperative mobilization within the first 2 weeks 
following cardiac surgery is strongly recommended to reduce 
postoperative complications and length of stay in hospital. 
There is early evidence that direct respiratory function 
rehabilitation using incentive spirometer (23) and expiratory 
muscle training device (24) can effectively improve dynamic 
lung volumes (FEV, FEV1, FVC) and respiratory muscle 
strength (MIP, MEP). The lack of randomization allowed 
the majority of smoking patients to go to the intervention 
group. More smokers may attenuate the pulmonary function 
improvement induced by the intervention, yet the results 

https://cdn.amegroups.cn/static/public/JTD-24-753-Supplementary.pdf
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Table 1 Patients characteristics

Variables Intervention group (n=114) Control group (n=114) P value†

Age (years) 60.4±11.9 57.6±14.9 0.14

Male 64 (51.2) 47 (37.6) 0.33

Current/past smoker 23 (18.4) 8 (6.4) 0.02*

Weight (kg) 63.2±10.3 62.2±11.9 0.50

Height (m) 1.6±0.1 1.6±0.1 0.98

Body mass index (kg/m2) 24.0±3.1 23.6±3.4 0.30

NYHA class at admission 0.25

I 4 (3.5) 1 (0.9)

II 53 (46.5) 45 (39.5)

III 53 (46.5) 57 (50.0)

IV 4 (3.5) 11 (9.6)

Surgical characteristics (on pump)

CABG-only 24 (21.1) 16 (14.0) 0.35

Valve-only 40 (35.1) 50 (43.9)

CAGB + valve 15 (13.2) 11 (9.6)

Other‡ 35 (30.7) 37 (32.5)

Length of stay until surgery, days 7.1±2.8 6.6±3.0 0.22

Length of postoperative ICU stay, days 3.0±1.3 3.5±2.2 0.03*

Length of postoperative general ward hospital stay, days 8.7±4.4 8.5±3.9 0.71

Total hospitalization cost, ×105 yuan 1.2±0.3 1.2±0.5 0.48

Comorbidities

Chronic lung diseases 62 (54.4) 56 (49.1) 0.68

Cerebrovascular diseases 10 (8.8) 14 (12.3) 0.43

Diabetes mellitus 16 (14.0) 13 (11.4) 0.25

Hypertension 52 (45.6) 36 (31.6) 0.26

Pulmonary infection after surgery 71 (62.3) 53 (46.5) 0.32

Pulmonary infection after rehabilitation 0 0 –

Data are presented as mean ± standard deviation or n (%). ‡, in the intervention group: 35 aortic valve replacements and ascending aortic 
repairs; in the control group: 34 aortic valve replacements and ascending aortic repairs, two ventricular septal defects, and one tumor. †, 
independent-samples t-test or Chi-squared test. *, P<0.05. NYHA, New York Heart Association; CABG, coronary artery bypass graft.

demonstrate a more significant improvement in lung function 
(in FEV1, MEP and PEF) among patients in the intervention 
group. Analyses adjusting for smoking as a covariate did not 
show significant PEF improvement in the intervention group, 
suggesting that smoking may diminish PEF improvement, 
which needs confirmation in future studies. Previous studies 
compared the pulmonary function at the time before 

operation and after rehabilitation to evaluate the effect of 
rehabilitation (8,23,25). Unlike previous studies, we directly 
compared the pulmonary function before the first session 
and after seven sessions of postoperative rehabilitation, which 
allowed a more precise detection of the rehabilitation effect.

Previous studies have shown that breathing exercise (e.g., 
respiratory and inspiratory muscle exercises) could enhance 
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Table 2 Comparison of PFT parameters, 6MWD, and cardiac function before and after intervention†

Variables
Intervention group 

(n=114)
Control group 

(n=114)

Group × test time Group Test time

F P η² F P η² F P η²

FEV1 (L) 6.26 0.01* 0.02 0.58 0.45 0.00 98.45 <0.001* 0.19

Before 1st session 0.66±0.29 0.73±0.29

After 7th session 1.10±0.39 0.99±0.43

FVC (L) 3.16 0.08 0.01 0.29 0.59 0.00 48.64 <0.001* 0.11

Before 1st session 0.86±0.45 0.93±0.41

After 7th session 1.32±0.67 1.20±0.51

FEV1/FVC (%) 2.43 0.12 0.01 0.04 0.84 0.00 11.61 0.001* 0.03

Before 1st session 0.79±0.17 0.82±0.17

After 7th session 0.87±0.14 0.85±0.15

MIP (cmH2O) 1.74 0.19 0.00 0.12 0.73 0.00 145.74 <0.001* 0.26

Before 1st session 14.46±5.66 15.97±6.67

After 7th session 26.60±10.89 25.72±12.24

MEP (cmH2O) 5.36 0.02* 0.01 3.23 0.07 0.01 118.43 <0.001* 0.22

Before 1st session 21.39±8.92 22.00±7.85

After 7th session 37.00±14.68 32.14±14.95

PEF (L/min) 4.03 0.045* 0.01 1.56 0.21 0.00 109.56 <0.01* 0.21

Before 1st session 1.27±0.59 1.33±0.51

After 7th session 2.19±0.87 1.95±0.93w

6MWD (m) 11.53 0.001* 0.03 13.07 <0.001* 0.03 190.28 <0.001* 0.32

Before 1st session 148.0±51.4 146.6±55.8

After 7th session 253.2±75.1 210.3±63.9

LVEF (%) 0.03 0.87 0.00 0.29 0.59 0.00 2.70 0.10 0.01

Before surgery 57.2±8.1 56.9±9.0

7 days after surgery 56.0±6.9 55.5±7.7

LVEDD (mm) 0.09 0.77 0.00 0.49 0.49 0.00 32.99 <0.001* 0.07

Before surgery 52.9±7.6 52.7±8.3

7 days after surgery 49.2±5.4 48.6±6.0

LVESD (mm) 0.00 0.98 0.00 0.10 0.75 0.00 17.76 <0.001* 0.04

Before surgery 37.5±7.3 37.3±8.1

7 days after surgery 34.6±5.5 34.4±6.4

Data are presented as mean ± SD. †, two-way repeated measure ANOVA on group and test time. *, P<0.05. SD, standard deviation; PFT, 
pulmonary function test; FEV1, forced expiratory volume in 1 s; FVC, forced vital capacity; MIP, maximum inspiratory pressure; MEP, 
maximum expiratory pressure; PEF, peak expiratory flow rate; 6MWD, 6-minute walk test distance; LVEF, left ventricular ejection fraction; 
LVEDD, left ventricular end-diastolic diameter; LVESD, left ventricular end-systolic diameter.
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Table 3 Post hoc test of PFT parameters, 6MWD, and cardiac function before and after intervention†

Variables Intervention group (n=114) Control group (n=114) Test result§ P value Effect size (d)

FEV1 (L)

Before 1st session 0.66±0.29 0.73±0.29 −1.502 0.14 0.241

After 7th session 1.10±0.39 0.99±0.43 2.002 0.02* −0.270

P value <0.001* <0.001*

Test result −13.856‡ −6.364‡

FVC (L)

Before 1st session 0.86±0.45 0.93±0.41 −1.076 0.28 0.163

After 7th session 1.32±0.67 1.20±0.51 2.078 0.02* −0.202

P value <0.001* <0.001*

Test result −7.944‡ −5.320‡

FEV1/FVC (%)

Before 1st session 0.79±0.17 0.82±0.17 −1.153 0.25 0.176

After 7th session 0.87±0.14 0.85±0.15 1.053 0.30 −0.139

P value <0.001* 0.07

Test result −6.603‡ −1.843‡

MIP (cmH2O)

Before 1st session 14.46±5.66 15.97±6.67 −1.769 0.08 0.244

After 7th session 26.60±10.89 25.72±12.24 −0.552 0.58 −0.038

P value <0.001* <0.001*

Test result −13.477‡ −9.750‡

MEP (cmH2O)

Before 1st session 21.39±8.92 22.00±7.85 −0.521 0.60 0.073

After 7th session 37.00±14.68 32.14±14.95 2.367 0.02* −0.328

P value <0.001* <0.001*

Test result −13.247‡ −8.366‡

PEF (L/min)

Before 1st session 1.27±0.59 1.33±0.51 −0.723 0.47 0.109

After 7th session 2.19±0.87 1.95±0.93 1.913 0.057 −0.267

P value <0.001* <0.001*

Test result −13.067‡ −7.496‡

6MWD (m)

Before 1st session 148.0±51.4 146.6±55.8 0.180 0.86 0.026

After 7th session 253.2±75.1 210.3±63.9 4.406 <0.001* −0.615

P value <0.001* <0.001*

Test result −19.743‡ −16.039‡

Table 3 (continued)
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Table 3 (continued)

Variables Intervention group (n=114) Control group (n=114) Test result§ P value Effect size (d)

△6MWD (m) 105.3±56.7 63.7±38.9 6.076 <0.001* −0.856

LVEF (%)

Before surgery 57.2±8.1 56.9±9.0 0.247 0.81 −0.035

7 days after surgery 56.0±6.9 55.5±7.7 0.544 0.59 −0.068

P value 0.02* 0.01*

Test result 2.058‡ 2.573‡

LVEDD (mm)

Before surgery 52.9±7.6 52.7±8.3 0.247 0.81 −0.025

7 days after surgery 49.2±5.4 48.6±6.0 0.855 0.39 −0.1.5

P value <0.001* <0.001*

Test result 8.197‡ 8.873‡

LVESD (mm)

Before surgery 37.5±7.3 37.3±8.1 0.188 0.85 −0.026

7 days after surgery 34.6±5.5 34.4±6.4 0.279 0.78 −0.034

P value <0.001* <0.001*

Test result 6.861‡ 6.024‡

Data are presented as mean ± standard deviation. †, Bonferroni pair-wise test. ‡, paired-samples t-test. §, independent-samples t-test. 
*, P<0.025. PFT, pulmonary function test; FEV1, forced expiratory volume in 1 s; FVC, forced vital capacity; MIP, maximum inspiratory 
pressure; MEP, maximum expiratory pressure; PEF, peak expiratory flow rate; 6MWD, 6-minute walk test distance; LVEF, left ventricular 
ejection fraction; LVEDD, left ventricular end-diastolic diameter; LVESD, left ventricular end-systolic diameter.

6MWD after cardiac surgery (8,26). In specific conditions, 
such as in elderly patients, lower training volume and longer 
recovery periods may be sufficient (27). The current study 
showed enhanced 6MWD in both groups, with higher 
overall changes in the exercise group relative to the control 
group (105.3 vs. 63.7 m). The minimal clinically important 
difference (MCID) for 6MWT during rehabilitation 
was 25 m in coronary artery disease (28) and 14–30 m in 
other diseases (such as chronic obstructive pulmonary  
disease) (29). It is worth noting that the baseline 6MWD in 
previous studies ranged from 295 to 551 m (29), which is 
nearly two times higher than what we found in the current 
study (148.0 m in the intervention group and 146.6 m  
in the control group). Although patients in the current 
study had a lower baseline 6MWD, the improvement 
after rehabilitation was much higher than MCID. In a 
recent study that has investigated the effect of pulmonary 
rehabilitation in patients with open-heart cardiac surgery 
(on-pump), which had similar patients to our study, 6MWD 
improved from 107 to 177 m (19). Considering that the 

clinical care was 4 days in the previous study, the higher 
improvement in 6MWT in our study might be related to 
more rehabilitation sessions.

The precise definition of exercise intensity plays a crucial 
role in deciding whether to continue or suspend therapy. 
During phase I of cardiac rehabilitation, a focus on low-
intensity exercise is paramount, aiming to optimize the 
patient’s physical and psychological well-being before 
hospital discharge (30). As for the duration of exercise in 
phase I, the South American Guidelines for Cardiovascular 
Prevention and Rehabilitation (31) suggest 40–60 minutes 
per day, and Japanese guidelines (32) suggest at least  
10 minutes with a final goal of 20–60 minutes of aerobic 
exercise. Nevertheless, there is a lack of consensus regarding 
the optimal therapy duration for phase I of cardiovascular 
rehabilitation. Regardless of the technique or exercise type 
used for mobilization, the essential point is to avoid bed 
rest. However, for patients that could not ambulate due to 
pain or intubation, the in-bed rehabilitation with a cycle 
ergometer used in the current study is safe and feasible (14).  
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Table 4 Comparison of ergometer exercise parameters before and after intervention 

Variables Intervention group (n=114) Test result† P value

Maximum load (W) −5.774 <0.001*

1st session 18.18±10.52

7th session 25.38±6.60

Maximum METs −7.487 <0.001*

1st session 1.70±0.84

7th session 2.38±0.50

SBP (mmHg) 2.577 0.01*

1st session 125.7±17.3

7th session 120.1±18.5

DBP (mmHg) −3.930 <0.001*

1st session 63.7±9.0

7th session 69.2±10.4

Peak heart rate (beats/min) −2.517 0.01*

1st session 88.7±16.3

7th session 93.7±14.8

Exercise duration (min) −10.596 <0.001*

1st session 10.9±3.9

7th session 15.3±2.2

Data are presented as mean ± standard deviation. †, paired-samples t-test. *, P<0.025. METs, metabolic equivalents; SBP, systolic blood 
pressure; DBP, diastolic blood pressure.

Our results support the evidence that patients adhere well 
to the cycle ergometer exercise, without drop out and 
adverse events during the intervention.

For early mobilization in the ICU, prioritizing risk 
management during rehabilitation is of utmost importance. 
In that context, safety standards for early mobilization (33)  
and cancellation criteria (34) are necessary for risk 
management. A previous study investigated the safety 
and effect of early mobilization in the ICU according to 
cancellation criteria, including setting specific rehabilitation 
goals based on the patient’s condition, considering factors 
such as pain level, respiratory and circulatory status, scale 
Richmond Agitation-Sedation Scale (delirium), or Glasgow 
scale score for consciousness and sedation level (35). The 
study showed no serious mobilization-related adverse 
events during the study period. The present study used a 
noninvasive cardiac output monitoring device, which is a 
more objective method for risk management. In addition, 
our research findings may provide a new reference approach 

for risk management in phase I postoperative cardiac 
rehabilitation. In terms of risk management, the initiation 
moment of mobilization should not be too early or too late, 
and the current study also revealed that the protocol starting 
from the first day after open-heart cardiac surgery was safe 
and effective in improving pulmonary and physical function.

The safety is one of the most commonly reported 
barriers to delivering early mobilization (12) following 
cardiac surgery. Although the incidence rate of adverse 
events such as high heart rate, low blood pressure, or 
oxygen desaturation is low (2%) and rarely results in 
additional care requirements (36), poor initial psychological 
feelings would affect subsequent mobilization (37).

The barriers also include unclear protocol criteria. 
Majority of therapies are of progressive mobilization. In 
few studies, early mobilization following cardiac surgery has 
been conducted using cycle ergometer (38-40); however, 
none of the protocols were based on quantified amount and 
the indicators used to monitor patients’ response during 
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exercise were subjective (such as Borg scale or participants’ 
feeling, heart rate change from 20 to 30 beats/min above 
the resting heart rate, speech test). Some of the studies 
had a relatively small sample size (n=24 or n=31), and only 
physical function was investigated.

The strength of this trial is in the use of precise 
evaluation of power during cycle ergometry to develop the 
exercise prescriptions individually. Each training session was 
monitored by experienced physical therapists; heart rate was 
monitored during each session; and power test before each 
session allowed the objective and progressive mobilization. 
Collectively, these findings confirmed that training 
intensity and duration were enhanced in the intervention 
group. Moreover, the absence of adverse events during the 
intervention revealed that the rehabilitation program used 
in our study could both ensure the exercise intensity and 
safety during early mobilization.

Both the exercise and usual care protocols presented 
in this study showed benefits to patients, the intervention 
group protocol delivered additional improvements, mainly 
in the primary outcome variables. Also, independently from 
the protocol used, no intercurrence was observed during the 
rehabilitation sessions. This indicates that the interventions 
ensured patient recovery and safety in the performance 
of physical therapy. The usual care of the control group 
consisted of muscle exercise and respiratory physiotherapy 
which was routinely employed following cardiac surgery to 
prevent and treat postoperative pulmonary complications 
(41-43), thus despite with non-randomized design, it is 
probable that the results will be generalizable to a wider 
clinical community.

There are some limitations in this study. To date, there 
has been no evidence of improved long-term outcomes after 
cardiac surgery other than coronary artery bypass graft. 
The surgical type was also diverse in our study. Therefore, 
the current quantitative phase I exercise should be applied 
in a single surgical type in the future, and the long-term 
effects along with the activity of daily living and quality of 
life should be evaluated. As the non-randomized design, it 
is not possible to completely rule out that more smokers 
and shorter ICU stays in intervention group could affect 
the results, which needs to be verified in future randomized 
controlled trials.

Conclusions

To the best of our knowledge, this is the first clinical trial 
to reveal that the short-term quantitative phase I exercise 

applied to patients who have undergone open-heart 
cardiac surgery is safe and can help patients recover their 
respiratory function more quickly. This study highlights the 
need for further development of interventions to optimize 
measurement and monitoring of early mobilization among 
patients following cardiac surgery with randomized design 
trials to support the findings.
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