
早期床旁运动干预在心脏手术后患者心脏康复中的应用效果

M. Rafi HAMIDI,陈轶洪,弥守玲,陆云涛,丛硕,王文硕,Hosna HAMIDI,杨晔,M. Salim BAHRAMAND,Ali Ateel

DAIFOLADI,Babrak SAYEDZADA,刘欢,魏来,王春生

引用本文:
M. Rafi HAMIDI,陈轶洪,弥守玲,陆云涛,丛硕,王文硕,Hosna HAMIDI,杨晔,M. Salim BAHRAMAND,Ali Ateel DAIFOLADI,Babrak
SAYEDZADA,刘欢,魏来,王春生. 早期床旁运动干预在心脏手术后患者心脏康复中的应用效果[J]. 中国临床医学, 2022, 29(4):
621-626.

在线阅读 View online: https://doi.org/10.12025/j.issn.1008-6358.2022.20211186

您可能感兴趣的其他文章

Articles you may be interested in

床上康复训练脚踏车运动对患者心脏瓣膜手术术后早期康复的影响

Effect of bed rehabilitation training bike exercise on early rehabilitation of patients after cardiac valvular surgery

中国临床医学. 2021, 28(2): 248-252   https://doi.org/10.12025/j.issn.1008-6358.2021.20200570

加速康复措施对腹腔镜子宫内膜癌根治术患者术后康复的影响

Effect of enhanced recovery after surgery on postoperative rehabilitation after laparoscopic surgery in patients with endometrial carcinoma

中国临床医学. 2020, 27(4): 654-656   https://doi.org/10.12025/j.issn.1008-6358.2020.20200219

术前轻度认知功能障碍对早期术后认知功能障碍的预测价值

Predictive value of preoperative mild cognitive impairment for early postoperative cognitive dysfunction

中国临床医学. 2022, 29(1): 58-63   https://doi.org/10.12025/j.issn.1008-6358.2022.20211094

社区-家庭康复模式在卒中后抑郁患者社区康复中的作用

Efficiency of community and family-based rehabilitation strategy in the rehabilitation of post-stroke depression patients

中国临床医学. 2020, 27(4): 657-661   https://doi.org/10.12025/j.issn.1008-6358.2020.20201018

心肌分层应变技术评价冠心病患者经皮冠状动脉介入术后远期左室收缩功能变化

Long-term evaluation of left ventricular systolic function in patients with coronary artery disease after percutaneous coronary intervention
by layer-specific strain

中国临床医学. 2021, 28(3): 497-501   https://doi.org/10.12025/j.issn.1008-6358.2021.20202315

http://www.c-jcm.com
http://www.c-jcm.com/zglcyx/ch/reader/view_abstract.aspx?doi=10.12025/j.issn.1008-6358.2022.20211186
http://www.c-jcm.com/zglcyx/ch/reader/view_abstract.aspx?doi=10.12025/j.issn.1008-6358.2021.20200570
http://www.c-jcm.com/zglcyx/ch/reader/view_abstract.aspx?doi=10.12025/j.issn.1008-6358.2020.20200219
http://www.c-jcm.com/zglcyx/ch/reader/view_abstract.aspx?doi=10.12025/j.issn.1008-6358.2022.20211094
http://www.c-jcm.com/zglcyx/ch/reader/view_abstract.aspx?doi=10.12025/j.issn.1008-6358.2020.20201018
http://www.c-jcm.com/zglcyx/ch/reader/view_abstract.aspx?doi=10.12025/j.issn.1008-6358.2021.20202315


中国临床医学 2022年8月 第29卷 第4期  Chinese Journal of Clinical Medicine，2022，Vol.29，No.4 621

·短篇论著·DOI：10.12025/j.issn.1008-6358.2022.20211186

［收稿日期］ 2021-05-28    ［接受日期］ 2022-03-03
［作者简介］ M. Rafi HAMIDI，硕士，主治医师. E-mail：Dr.RafiHAMIDI@yahoo.com
      陈轶洪，副主任护师. E-mail：chen.yihong@zs-hospital.sh.cn
△共同第一作者(Co-first authors).
*通信作者(Corresponding author).Tel: 021-64041990，E-mail：wei.lai@zs-hospital.sh.cn

早期床旁运动干预在心脏手术后患者心脏康复中的应用 
效果

M. Rafi HAMIDI1△, 陈轶洪1△, 弥守玲1, 陆云涛1, 丛 硕1, 王文硕1, Hosna HAMIDI2,  
杨 晔1, M. Salim BAHRAMAND3, Ali Ateel DAIFOLADI4, Babrak SAYEDZADA5, 刘 欢1, 魏 来1*, 王春生1

1. 复旦大学附属中山医院心血管外科，上海心血管病研究所，上海 200032 
2. 世界卫生组织区域卫生组，喀布尔 1001，阿富汗

3. 红新月会卫生部，喀布尔 1001，阿富汗 
4. 喀布尔 Amir Hajizada 医院心血管外科，喀布尔 1001，阿富汗 
5. 法国母婴研究所心血管外科，咯布尔 1001，阿富汗

引用本文 M. Rafi HAMIDI, 陈轶洪 , 弥守玲 , 等 . 早期床旁运动干预在心脏手术后患者心脏康复中的应用效果 [J]. 中
国临床医学 , 2022, 29(4): 621-626. HAMIDI M R, CHEN Y H, MI S L, et al. Early exercise intervention at the bedside in 
patients undergoing cardiac rehabilitation after cardiac surgery[J]. Chinese Journal of Clinical Medicine,2022,29(4): 621-626.

［摘要］ 目的  评估早期床旁运动干预对心脏瓣膜手术后患者康复的影响。方法 纳入 40 例心脏瓣膜疾病患者，其

中20例患者 [（49.05±3.728）岁 ]术后第3、4、 5天接受床旁运动干预（3 min/d，干预组），其余20例患者 [（47.95±3.214）岁 ]
未接受床旁运动干预（对照组）。术前进行心理教育，并通过标准化问卷简表对患者单独评估。通过指脉氧仪及 6 min 步行

距离来评估心脏康复效果。结果 干预组心脏瓣膜患者术后 3 d 的 SpO2 水平高于对照组（P＜0.05）。干预组术后 5 d 心率

降至基线水平，低于对照组（P＜0.05）。结论 初级床旁运动（3 min/d）可以提高 SpO2、降低心率，进而改善患者基线状

态，促进患者康复。

［关键词］ 心脏康复；成人心脏手术；6 分钟步行测试；床旁干预
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［  Abstract ］ Objective To evaluate the effects of early exercise intervention in patients who have undergone primary 
isolated valve surgery. Methods Forty patients scheduled for mitral, aortic, and/or tricuspid valve surgery were allocated to 
receive a supervised exercise intervention consisting of cycling for 3 min/d at the bedside after operation (intervention group, 
n=20, mean age [49.05±3.728] years) or to receive no exercise intervention (control group, n=20, mean age [47.95 ± 3.214] 
years). Oxygen saturation (SpO2) was measured by pulse oximetry continuously before and after the 6-minute walk test. Psycho-
educational counseling was provided, and patients were assessed using standard patient questionnaires. Results The  arterial 
SpO2 level increased significantly in the intervention group after exercise compared with the control group (P＜0.05). Heart rate 
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Cardiac rehabilitation was started in the 1950s 
for patients with myocardial infarction［1-3］ and is 
now included in the international guidelines as a 
postoperative intervention for all patients who have 
undergone cardiac surgery［4］. The 6-minute walk 
test (6MWT) determines the maximum distance 
that a subject can walk in 6 min. This test is easy to 
perform, requires no specific equipment, and can be 
incorporated into normal activities of daily living［5］. 
The 6MWT is used in the cardiac rehabilitation setting 
to assess patients with heart failure before and after 
surgical intervention. Several studies have confirmed 
that this test is superior to the shuttle walk test and 
the 200-m fast-walk test in patients with chronic heart 
failure. Older age, female sex, poor left ventricular 
function, and comorbidities such as cerebrovascular 
disease or chronic obstructive pulmonary disease are 
negative predictors of 6MWT after inpatient cardiac 
rehabilitation［6］.

Walk tests can be used to monitor functional 
performance and effectiveness of treatment and 
to check that it is safe to discharge a patient 
from hospital. The 6MWT is a safe and effective 
method for predicting the effects of intervention 
in the perioperative period in patients undergoing 
valve surgery. However, there is no standardized 
mathematical model that can be used to define or 
measure important variables affecting performance 
on the 6MWT postoperatively in patients with 
cardiovascular disease.

Therefore, this study aimed to elucidate the 
safety and efficacy of exercise intervention at the 
bedside in terms of vital signs and walking capacity in 
patients requiring cardiac rehabilitation after surgery 
for isolated valvular heart disease. 

returned to baseline in the intervention group postoperatively and was significantly lower than that in the control group (P＜0.05). 
Conclusions A small amount of supervised cycling exercise at the bedside is a safe activity that may improve peripheral arterial 
SpO2 and reduce heart rate to the baseline level following longer distance walk before discharge in patients who have undergone 
isolated valve surgery.

［ Key Words ］ cardiac rehabilitation; adult cardiac surgery; 6-minute walk test; intervention at the bedside

1 PATIENTS AND METHODS 

1.1 Study subjects 58 adult inpatients with mitral, 
aortic, and/or tricuspid valve disease who underwent 
isolated valve repair or replacement surgery at 
zhongshan Hospital, Fudan University between 
January 2018 and February 2019 were selected. The 
following exclusion criteria were applied: coronary 
artery disease; atrial fibrillation; a left ventricular 
ejection fraction of ＜40%; inability to participate in 
regular exercise training; leg claudication; abnormal 
blood pressure; post-traumatic stress disorder; 
and history of stroke. The study participants were 
randomly assigned to an intervention group or a 
control group (Figure 1). The study protocol was 
approved by the ethics committee of Zhongshan 
Hospital, Fudan University (B2019-012R). All study 
participants provided written informed consent.

I

Figure 1 Intervention process and flow of patients  

through the study

1.2 Physical assessment Patients in both study 
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groups were closely observed by a resident and a 
registered nurse in cardiac surgery with extensive 
experience in the management of patients with 
valvular heart disease and use of the 6MWT in the 
setting of a cardiac rehabilitation program. Laboratory 
investigations, including fasting blood glucose, lipid 
profile, N-terminal pro B-type natriuretic peptide, 
cardiac troponin T, and creatine kinase-MB, and 
electrocardiographic and echocardiographic screening 
were performed in all cases. Upper limb function was 
evaluated by grip strength and lower limb function by 
the unipedal stance test. Cardiovascular risk factors, 
including hypertension, diabetes, dyslipidemia, alcohol 
abuse, and history of smoking, were considered as 
independent variables. Laboratory examinations were 
repeated before discharge from hospital.
1.3 Six-minute walk test All subjects performed 
the 6MWT, whereby they walked for 25 m along 
a flat ward corridor with continuous monitoring of 
blood pressure and oxygen saturation (SpO2) and an 
electrocardiogram. The maximal distance walked over 
6 min was recorded before and after surgery according 
to the protocol recommended by the American 
Thoracic Society Pulmonary Function Standards 
Committee［7］. 
1.4 Psychosocial assessment A psychosocial 
assessment was performed to evaluate health-related 
quality of life［8］. All participants completed three 
self-administered questionnaires, namely, the 36-item 
short form health survey (SF-36), the international 
physical activity questionnaire (IPAQ)-9, and the 
generalized anxiety disorder 7-item scale (GAD-7), on 
the first day of hospital admission and at the time of 
discharge from hospital.
1.5 Exercise intervention at the bedside Patients 
in the intervention group performed supervised 
cycling exercise for 3 min/d starting on postoperative 
day 3, 4, or 5 through until discharge. Each patient 
was required to perform lower limb exercise training 
on a pedal exercise bike with monitoring of vital 

signals. 
1.6 Cardiovascular function assessment Upper 
limb grip strength was assessed in both study groups 
using an electronic hand dynamometer. Lower limb 
muscle extension strength was assessed using the 
unipedal stance test with eyes open maneuver over  
30 s before surgery and on postoperative day 3. 
Resting blood pressure was measured using an 
automated blood pressure monitor and resting SpO2 
was measured using a pulse oximeter. Heart rate (HR) 
was monitored continuously during exercise. 
1.7 Statistical analysis Continuous variables 
were presented as x±s and were compared using the 
Student’s t test. Categorical variables were shown 
as the n(%) and were compared using the chi-square 
test. All statistical analyses were performed using 
GraphPad Prism version 7.0 and SSPS 22.0. The 
significance level was set at α=0.05.

2 RESULTS

2.1 Baseline characteristics  Six of the 58 
patients did not complete the assessment, 4 refused 
to participate in the intervention, 7 received only 
1 or 2 exercise interventions during the immediate 
postoperative period, and 1 patient could not 
participate because of depression, leaving 40 patients 
for inclusion in the study. Twenty subjects were 
allocated to the intervention group and 20 to the 
control group. There were no statistically significant 
between-group differences in the demographic data, 
comorbidities, cardiovascular indices, or distance 
walked on the 6MWT before exercise intervention at 
the bedside (Table 1).
2.2 Changes in cardiovascular function SpO2 
was significantly higher and HR was significantly 
lower post-6MWT in the intervention group than in 
the control group after surgery (both P＜0.05; Table 2, 
Figure 2). Exercise-induced SpO2 was more strongly 
associated with the frequency than the amount of 
cycling at the bedside. 
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Table 1 Baseline demographics and clinical characteristics 
 indicators Control(n=20) Intervention(n=20) P-value
Age /year 47.95±3.214 49.05±3.728 0.824 4 
Male gender n(%) 12 (60) 12 (60) 1.000 0 
Female gender n(%)   8 (40)   8 (40) 1.000 0 
HTN n(%)   4 (20)   8 (40) 0.167 5 
History of smoking n(%)   4 (20)   4 (20) 1.000 0 
History of alcohol abuse n(%)   4 (20)   3 (15) 0.677 5 
Multivalvular disease n(%) 0 0 1.000 0 
Hematological indicators
 Glucose/(mol·L－1) 4.875±0.154 6 4.905±0.241 9 0.917 3 
 cholesterol/(mol·L－1) 4.246±0.2898 4.273±0.179 6 0.938 5 
 BNP /(ng·L－1) 260.6±60.76 137.4±42.26 0.104 3 
 cTnT /(ng·L－1) 0.008 15±0.001 143 0.007±0.001 277 0.506 3 
 CK-MB/(ng·mL－1) 18.61±3.746 16.11±2.164 0.566 0 
EURO score 2.45±0.366 2 2.3±0.487 2 0.806 9 
APACHA Ⅱ score 5.35±0.775 5 5.2±0.583 1 0.878 0 
BMI/(kg·m－2) 22.64±0.566 7 24.96±0.600 7 0.008 0 
LVEF/% 62.45±1.531 65.9±1.028 0.069 1 
LVESD/mm 36.15±1.81 34.95±1.2 0.583 7 
LVEDD/mm 54.75±2.216 55.4±1.856 0.823 3 
Hospital length of stay/d 6.5±0.478 5 6.45±0.245 8 0.926 4 
PHQ-9 2.9±0.986 5 2.2±0.516 1 0.533 3 
GAD-7 2.75±0.956 6 3±0.839 8 0.845 3 
Lesion valve n(%)
 Mitral valve 12 (60) 13 (65) 0.743 6 
 Aortic valve   6 (30)   6 (30) 1.000 0 
 Tricuspid valve   2 (10) 1 (5) 0.548 5 
 Pulmonary valve 0 0 1.000 0 
IPAQ scale n(%) 0.065 2 
 Low   5 (25) 12 (60)
 Moderate 13 (65)   6 (30)
 High   2 (10)   2 (10)
UPST/s
 L 25.9±1.542 21.2±2.422 0.109 9 
 R 27.7±1.136 22.9±2.197 0.059 7 
Grip strength/kg
 L 28.43±2.504 33.27±2.474 0.177 2 
 R 32.52±2.578 31.68±2.379 0.812 0 
6MWT
 6MWD/m 383.6±21.91 375.7±19.57 0.789 4 
 pre-6MWT HR/BPM 76.15±2.335 79.05±3.121 0.461 5 
 pre-6MWT SpO2/% 96.95±0.642 7 97.45±0.373 3 0.505 2 
 pre-6MWT SBP/mmHg 119.9±4.452 129.5±4.043 0.116 9 
 pre-6MWT DBP/mmHg 71.4±3.349 80.8±2.048 0.021 7 
 post-6MWT HR/BPM 97.65±4.07 92.75±4.403 0.418 9 
 post-6MWT SpO2/% 97.8±0.381 1 97.15±0.595 0.363 5 
 post-6MWT SBP/mmHg 126.9±5.274 133.3±4.517 0.362 5 
 post-6MWT DBP/mmHg 76.35±3.375 80.55±2.546 0.326 8 
Procedures n(%) 0.751 8 
 Traditional Procedure 10 (50) 11 (55)
 Minimally invasive 10 (50)   9 (45)

6MWT: 6-minute walk test; APACHE: acute physiology and chronic health evaluation; BMI: body mass index; BNP: brain 
natriuretic peptide; CK-MB: creatine kinase-MB; cTnT: cardiac troponin T; DBP: diastolic blood pressure; GAD-7: generalized 
anxiety disorder 7-item scale; HR: heart rate; HTN: hypertension; IPAQ-9: international physical activity questionnaire-9; LVEF: left 
ventricular ejection fraction; PHQ-9: patient health questionnaire-9; SBP: systolic blood pressure; SpO2: arterial oxygenation; UPST: 
unipedal stance test.
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Figure 2 Post-6MWT hemodynamic changes after the 

6-minute walk test after surgery

*P＜0.05

3 Discussion

This study investigated the effect of exercise at 
the bedside on cardiac function after isolated mitral 
and/or aortic valve surgery by comparing the distance 
walked on the 6MWT and vital signs between an 
exercise intervention group and a control group. 

Roul et al［9］ investigated the prognostic value 
of the 6MWT in 121 patients with New York Heart 
Association class Ⅱ or Ⅲ heart failure who were 
followed up with cardiopulmonary exercise testing 
and the 6MWT for a mean of 1.53±0.98 years［2］. 
They found that patients who could walk for ＜300 m 
on the 6MWT were somewhat weaker than those 
who could walk for longer distances, that the distance 

walked on the 6MWT after physical training was 

associated with left ventricular function. Roberts et al［1］ 

assessed HR recovery in 30 patients with acute 

coronary syndrome or coronary artery disease using 

the 6MWT and measurement of the C-reactive protein 

level for 8 weeks. They found that HR during the 

6MWT improved in the setting of an exercise-based 

cardiac rehabilitation program.

Postoperative hemodynamic characteristics 

before and after the 6MWT were compared between 

the two groups in this study. Bruce et al［8］ found 

that patients with coronary artery disease developed 

angina pectoris, restricted chronotropic capacity, and 

a simultaneous decrease in HR and systemic arterial 

pressure, which could be fatal without knowledge of 

factors affecting stress. This study found that the SpO2 

started to improve in patients in the intervention group 

in the early postoperative period. The mean SpO2 

value before the 6MWT was similar before and after 

surgery in the two study groups. The post-6MWT 

SpO2 value was lower in the control group than that 

in the intervention group (P＝0.030 2). This finding 

Table 2 Effects of postoperative bedside exercise intervention on cardiovascular function 
　Indicators Control (n=20) Experiment (n=20) P-value
6MWD/m 220.7±24.17 200±24.09 0.548 6 
Hospital length of stay/d 6.5±0.478 5 6.45±0.245 8 0.926 4 
PHQ-9 2.8±0.930 8 2.7±0.661 3 0.930 7 
GAD-7 2.7±0.926 5 1.85±0.633 6 0.453 6 
pre-6MWT HR/BPM 93.15±3.684 88.85±3.925 0.429 4 
pre-6MWT SpO2/% 96.7±0.370 6 96.45±0.670 7 0.746 0 
pre-6MWT SBP/mmHg 110.8±2.857 114.6±3.908 0.437 3 
pre-6MWT DBP/mmHg 74.95±2.586 75.55±2.297 0.863 2 
post-6MWT HR/ BPM 106.1±3.505 93±3.857 0.016 7 
post-6MWT SpO2/% 95.4±0.582 2 97.4±0.670 4 0.030 2 
post-6MWT SBP/mmHg 116±2.948 117.7±3.349 0.705 3 
post-6MWT DBP/mmHg 81.9±2.858 77.95±2.211 0.281 2 
grip strength/kg
 L 23.54±2.71 29.8±2.504 0.097 9 
 R 26.38±2.635 30.29±2.671 0.304 0 
UPST/s 　 　 　
 L 18.9±2.635 18.05±2.752 0.824 6 
 R 17.45±2.556 17.15±2.441 0.932 8 

6MWD: 6-minute walk distance; 6MWT: 6-minute walk test; DBP: diastolic blood pressure; GAD-7: generalized anxiety 
disorder 7-item scale; HR: heart rate; PHQ-9: patient health questionnaire-9; SBP: systolic blood pressure; SpO2: arterial oxygenation; 
UPST: unipedal stance test.
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confirms that the cardiorespiratory function was 
improved by bedside cycling for 3 min/d as part of a 
cardiac rehabilitation program. 

A moderately significant HR maintenance to 
baseline before and during stress was found after 
surgery in the intervention group, while the control 
group showed blunting of the HR response. A 
variety of heart diseases can cause blunting of the 
HR response during stress for various reasons; for 
example, it could be associated with systemic arterial 
hypoxemia in a cyanosed cardiac patient. Therefore, 
a significant HR response not only excludes 
intraoperative injury to the sinoatrial node but also 
helps to regulate the cardiovascular system［9］. A 
similar study by Westerdahl et al［10］ investigated 
the effects of deep-breathing exercises after coronary 
artery bypass grafting and found that breathing 
exercises during the first 4 days after cardiac surgery 
reduced the risk of postoperative complications, 
including atelectasis, and improved the arterial 
blood gas level (arterial hypoxemia) and pulmonary 
function. Their findings suggest that exercise can 
significantly improve cardiopulmonary function after 
valve surgery.

In conclusion, this study indicate that a bedside 
cycling exercise intervention has a positive effect on 
patients undergoing cardiac rehabilitation after valve 
surgery but require confirmation in a larger sample 
size and in patients undergoing other types of cardiac 
surgery. In addition, improvement in vital signs was 
attributed to not only exercise but also long-term 
medication and dietary intervention and rehabilitation 
measures.
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