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Influence of exercise on heart rate variability in patients undergoing coronary artery bypass grafting 
SHAO Hui-long, LIANG Jia-li, ZHONG Ping , XU Jie , LI Yao /General Hospital of Jinan Military Command（Department of Rehabilitation Medicine, SHAO Hui-long, ZHONG Ping , XU Jie , LI Yao; Department of Cardiac Surgery, LIANG Jia-li）, Jinan, Shandong, 250031, China   
Abstract: Objective: To explore influence of exercise on cardiac autonomic nerve function in patients undergoing coronary artery bypass grafting (CABG) and its clinical significance. Methods: A total of 53 patients with coronary heart disease undergoing CABG were randomly divided into routine treatment group (n=25) and rehabilitation group (n=28, received exercise training based on routine treatment). Changes of autonomic nerve function before, second and eighth week after CABG were analyzed in two groups using time domain indexes of heart rate variability (HRV) by ambulatory electrocardiography, including standard deviation of normal to normal RR intervals calculated over the 24 h period (SDNN), standard deviation of normal to normal RR intervals in all 5 min segments of the entire recording (SDANN), root-mean square of differences between successive normal to normal intervals (rMSSD) and adjacent normal RR interval difference > 50ms stroke accounted for a percentage of 24h total RR interval (PNN50). Results: Compared with before CABG, there were significant decrease in SDNN, SDANN, RMSSD and PNN50 in both groups two weeks after CABG (P<0.05~0.01); eight weeks after CABG, above indexes recovered to levels before CABG in routine treatment group[SDNN （113.6±29.4）vs.（116.7±24.7）, SDANN（112.2±32.1）vs.（113.6±28.6）, rMSSD（21.9±8.2） vs.（23.2±7.1）, and PNN50 （7.5±4.2）vs.（8.2±3.7）] , P>0.05 all; Compared with before CABG, there were significant improvements in SDNN [(114.7±25.2) ms vs. (132.6±30.6) ms], SDANN [(111.6±23.5) ms vs. (129.2±30.8) ms], rMSSD [(24.2±8.7) ms vs. (29.9±7.5) ms] and PNN50 [(7.8±2.2) ms vs. (9.5±2.3) ms], and there were significant improvement than those of routine treatment group [SDNN （132.6±30.6）vs.（113.6±29.4）, SDANN（129.2±30.8）vs.（112.2±32.1）, rMSSD（29.9±7.5）vs.（21.9±8.2）and PNN50 （9.5±2.3）vs.（7.5±4.2）] eight weeks after CABG in rehabilitation group, P<0.05 all. Conclusion: All HRV indexes significantly decrease on two weeks after CABG in both groups, suggesting that CABG can damage cardiac autonomic nerve system. These indexes of rehabilitation group were more improvement than those of routine treatment group, suggesting exercise training can more significantly improve cardiac autonomic nerve function after CABG.              
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摘要：目的：探讨运动锻炼对冠状动脉旁路移植术（CABG）后心脏自主神经功能的影响及其临床意义。方法：53例冠心病CABG患者被随机分为常规治疗组(25例)和康复组（28例，在常规治疗基础上进行运动锻炼），应用动态心电图心率变异性(HRV)时域指标：平均正常R-R间期的标准差（SDNN）、每5min正常R-R间期平均值的标准差（SDANN）、正常相邻R-R间期差的均方根（rMSSD）、相邻正常R-R间期内差值>50ms的心搏数占总R-R间期总搏数的百分比（PNN50），分析术前、术后第2周及第8周自主神经功能指标的变化。结果：两组CABG术后2周SDNN、SDANN、rMSSD及PNN50较术前明显减低（P<0.05~0.01）；CABG术后8周，常规治疗组上述指标基本恢复到术前水平[SDNN（113.6±29.4）比（116.7±24.7）, SDANN（112.2±32.1）比（113.6±28.6）, rMSSD（21.9±8.2）比（23.2±7.1）, and PNN50（7.5±4.2）比（8.2±3.7）], P均>0.05; 康复组SDNN[(114.7±25.2) ms比(132.6±30.6) ms]、SDANN[(111.6±23.5) ms比(129.2±30.8) ms]、rMSSD[(24.2±8.7) ms比(29.9±7.5) ms]及PNN50[(7.8±2.2) ms比(9.5±2.3) ms]均较术前明显改善（P均<0.05）,且均显著优于常规治疗组[SDNN（132.6±30.6）比（113.6±29.4）, SDANN（129.2±30.8）比（112.2±32.1）, rMSSD（29.9±7.5）比（21.9±8.2）and PNN50（9.5±2.3）比（7.5±4.2）], P均<0.05。结论：CABG后2周心率变异性各项指标均减少，提示CABG对心脏自主神经系统有一定的损害。术后8周康复组心率变异性各项指标均显著优于常规治疗组，提示运动锻炼可较常规治疗显著改善CABG术后心脏自主神经功能。
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Coronary artery bypass grafting (CABG) is one of effective measures for treatment of coronary atherosclerotic heart disease (coronary heart disease, CHD); it can improve patient’s condition and prognosis of CHD patients. Heart rate variability (HRV) is an important index reflecting cardiac autonomic nerve system function and it’s usually used for evaluating prognosis of heart disease in clinic. As an effective way to prolong survival time and improve quality of life, cardiac rehabilitation therapy has caused people’s attention and become important part of cardiovascular disease treatment, and exercise is one of main contents of cardiac rehabilitation [1]. The present study aimed at exploring influence of exercise on cardiac autonomic nerve function after CABG and its clinical significance through measurement and analysis of HRV indexes before and after exercise training in patients undergoing CABG. 
1. Data and methods

1.1 Clinical data

A total of 53 inpatients from Jun 2008 to Jun 2011, who were proved to be single or multiple vessel coronary disease by coronary angiography and suitable for CABG, were enrolled. There were 33 males and 20 females with age 46~79 (63.68±7.52) years old. Inclusion standards were as follow: patient’s condition was stable after CABG, without onset of angina pectoris, peripheral vascular diseases and cerebrovascular accidents, had good control of blood glucose and coordinated with rehabilitation exercise therapy. Patients were randomly divided into routine treatment group [n=25, age 48~79 (64.47±8.12)] and rehabilitation group [n=28, age 46~77 (62.52±7.05)]. 

1.2 Treatment method
Routine treatment group: Patients received routine treatment plan after CABG. Rehabilitation group: Based on routine treatment, according to cardiac tolerance of patients and formulated exercise prescription suggested by reference [2], patients after CABG took exercise training. Mode of exercise was mainly aerobic exercise, it’s mainly on the bed, bedside, limb exercise and slow walking in ward during admission, and it’s mainly walking, jogging, taijiquan and cycling, patients also received CHD health education after discharge. During exercise training, changes of heart rate and blood pressure were closely observed in patients. All patients underwent 24h ambulatory electrocardiography before, two and eight weeks after CABG. 

1.3 Measurement method

Instrument was MARS PC type dynamic electrocardiogram（DCG）produced by American GE Company, total recording time was 24 h. Professional electrocardiographic personnel performed man-machine dialogue, excluded artifacts and premature systole. Electrocardiographic signal was automatically analyzed by computer, and following HRV domain indexes were observed: standard deviation of normal to normal RR intervals calculated over the 24 h period (SDNN), standard deviation of normal to normal RR intervals in all 5 min segments of the entire recording (SDANN), root-mean square of differences between successive normal to normal intervals (rMSSD) and adjacent normal RR interval difference > 50ms stroke accounted for a percentage of 24h total RR interval (PNN50). 

1.4 Statistical treatment

SPSS 16.0 software was used to perform statistical analysis. Measurement data were expressed as (
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) and its comparison was performed using t test. Numeration data were expressed as percentage and its comparison was performed using chi-square test. P<0.05 was regard as possessing significant difference. 

2. Results

2.1 General data

    There were no significant difference in relevant clinical data between two groups (P>0.05). They were shown in table 1. 

Table 1 Comparison of general data between two groups (
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	Group
	Cases
	Gender (M/F) 
	Age (years)
	Body mass 

index (kg/m2) 
	Diabetes 

Mellitus n (%)
	Hypertension n (%)           
	Bypass graft 

（branch）

	Routine treatment group
	25
	15/10
	64.47±8.12
	24.15±3.20
	14(56.0)
	16(64.0)
	  49

	Rehabilitation group 
	28
	18/10
	62.52±7.05
	24.37±3.82
	18(64.3)
	17(60.7)
	58


2.2 Changes of HRV before and after CABG

Compared with before CABG, there were significant decrease in SDNN, SDANN, rMSSD and PNN50 in both groups two weeks after CABG (P<0.05~0.01). Eight weeks after CABG above indexes recovered to levels before CABG in routine treatment group, (P>0.05); there were significant improvements in above indexes in rehabilitation group, and above indexes of rehabilitation group were more improvement than those of routine treatment group (P<0.05 all). They were shown in table 2. 

Table 2 Changes of HRV indexes in two groups before and after CABG (
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	Group      
	SDNN( ms)
	SDANN(ms)
	rMSSD(ms)
	PNN50(ms)

	Routine treatment group (n=25)
	
	
	
	

	Before operation
	116.7±24.7
	113.6±28.6
	23.2±7.1
	8.2±3.7   

	Two weeks after operation
	100.3±31.2*
	95.5±30.8*
	17.8±8.6*
	5.4±3.3**

	Eight weeks after operation
	113.6±29.4
	112.2±32.1
	21.9±8.2
	7.5±4.2

	Rehabilitation group (n=28)
	
	
	
	

	Before operation
	114.7±25.2
	111.6±23.5
	24.2±8.7
	7.8±2.2  

	Two weeks after operation
	98.2±7.1*
	96.8±26.3*
	18.7±9.2*
	6.2±2.8*   

	Eight weeks after operation
	132.6±30.6*Δ
	129.2±30.8*Δ
	29.9±7.5*Δ
	9.5±2.3*Δ


Notes: HRV: heart rate variability, SDNN: standard deviation of normal to normal RR intervals calculated over the 24 h period , SDANN: standard deviation of normal to normal RR intervals in all 5 min segments of the entire recording, RMSSD: root-mean square of differences between successive normal to normal intervals, PNN50: adjacent normal RR interval difference > 50ms stroke accounted for a percentage of 24h total RR interval; compared with before operation * P<0.05, **P<0.01 , compared with routine treatment group ΔP<0.05
3. Discussion

    Heart rate of normal people is not absolutely regular, it’s dynamically change within a certain range and their change is related with activity of autonomic nerve. Now, as an index quantitatively evaluating autonomic nervous activity, HRV has been widely applied in clinic [3, 4]. Many studies indicated that in normal physiological condition, vagus and sympathetic nerves dominate heart with balance and stability. HRV indexes generally decrease in most CHD patients, suggesting regulating function of autonomic nerves decreases, and decrease degree of HRV is related with cardiac sudden death [5]. As an effective method treating CHD, CABG has been widely applied in China, its treatment goal is to reconstruct blood circulation of coronary artery, recover blood supply of ischemic myocardium and improve myocardial function, then prolong lifetime of patients. American Heart Association (AHA) and American Association of Cardiovascular and Pulmonary Rehabilitation indicated that rehabilitation therapy can decrease admission time and expense, decrease complications, promote function recovery of organism and improve quality of life in patients after CABG [6]. There was foreign study indicated that cardiac autonomic nervous function decreased after CABG [7], but there’s few report on influence of cardiac rehabilitation therapy on autonomic nervous system of CABG patients. The present study started from analyzing HRV time domain indexes to reveal influence of exercise on HRV change in CHD patients after CABG and its significance. 
For HRV index, time domain index SDNN mainly reflects tension of sympathetic and vagus nerves, and it’s used for evaluating total degree of injury and recovery of autonomic nervous system; SDANN is used for evaluating sympathetic nervous tension; and rMSSD and PNN50 are affected by vagus nervous system, mainly reflecting control efforts of vagus nerve [8]. The present study indicated that no matter for routine treatment group or rehabilitation group, HRV indexes significantly decreased two weeks after CABG, suggesting that CABG had certain harm to cardiac autonomic nervous system. Its possible reasons may be those: 1. Many kinds of anesthetic drugs can impair autonomic nervous function during CABG; 2. Surgery directly affects cardiac autonomic nervous system, such as surgical operation impairs partial autonomic nerves, main artery was clamped et al; 3. Besides, such as cardiac ischemic reperfusion injury, stress response and general inflammatory reaction may have some influence on autonomic nervous system [9]. The present study indicated that there were significant improvements in SDNN, SDANN, rMSSD and PNN50 in rehabilitation group eight weeks after CABG, and these improvements were more than those of routine treatment group, suggesting that rehabilitative exercise training can further improve cardiac autonomic nervous function after CABG. Its possible mechanisms may be: 1. Exercise makes coronary collateral vessels generation in ischemic area, increases vascular compliance, improves myocardial ischemia, leads to changes of function of cardiac efferent and afferent nerves, improves modulating function of autonomic nerves, especially vagus nerve; 2. Rehabilitative exercise training can increase controlling ability of arterial baroreceptor on cardiac vagus nerve and improve total balance level of cardiac autonomic nervous system [10, 11].

The HRV is affected by many factors in normal people, the present study just studied from influence of exercise on HRV after CABG, and studied patients were few, observation time was short, thus it possessed certain limitation, but it still primarily reflected that exercise can improve modulating function of cardiac autonomic nervous system in CABG patients, and it contributed to prevention of cardiovascular events. Exercise improves HRV indexes after CABG, whether it is related with curative effects after CABG and long-term prognosis needs further observation and study. 
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