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Abstract: Objective: To explore safety and effects of exercise rehabilitation in aged patients with chronic heart failure (CHF). Methods: A total of 83 aged CHF patients were randomly divided into exercise rehabilitation group (n=42, received exercise training based on usual care) and usual care group (n=41, received usual care). Period of treatment was eight weeks and patients were followed up for 12 months. New York heart association (NYHA) classification was used to represent cardiac function. Left ventricular ejection fraction (LVEF), left ventricular end-diastolic dimension (LVEDd) were determined by ultrasound cardiography, 6 min walking distance (6MWD) and oxygen metabolic equivalent (METs) also were determined , plasma level of brain natriuretic peptide (BNP) was examined. Minnesota living with heart failure questionnaire (MLHFQ) was used to represent quality of life. Rehospitalization rate and mortality rate within 12 months were recorded in all patients. Results: On 8 th weeks after treatment, the LVEF, LVEDd and NYHA class of two groups all significantly improved（P＜0.05 all）,compared with usual care group, there were significant improvement in LVEF [（54.7±6.2）% vs. 65.4±8.7）%], LVEDd [（49.6±8.3）mm vs.（40.2±9.3）mm] and NYHA class [（2.7±0.8）classes vs.（1.9±0.9）classes], P<0.05 all; 6MWD [(122.7±9.2) m vs. (175.6±8.7) m] and METs [(5.8±1.8) vs. (8.4±2.4)] also significantly increased (P<0.01), and plasma level of BNP [(43.4±9.8) pg/ml vs. (31.7±8.9) pg/ml, P<0.05] significantly decreased in exercise rehabilitation group. No severe adverse events occurred in exercise rehabilitation group. After 12 months, compared with usual care group, there were significant increase in MLHFQ score [(45.6±8.2) scores vs. (68.9±7.9) scores], significant decrease in rehospitalization rate caused by heart failure (24.4% vs. 9.5%) , P<0.05 all in exercise rehabilitation group. Conclusion: Exercise rehabilitation is safe and effective in aged patients with chronic heart failure, which can significantly improve cardiac function, enhance exercise capacity and increase quality of life.
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摘要：目的：探讨老年慢性心衰患者实施运动康复的安全性及效果。方法：83例老年慢性心衰患者被随机分为常规护理组（41例，常规护理）和运动康复组（42例，在常规护理基础上接受运动训练）。疗程均为8周，随访12个月。患者心功能以纽约心脏病协会(NYHA)分级表示，以超声心动图测定左室射血分数(LVEF)和左室舒张末期内径(LVEDd)，同时测定6min步行距离(6MWD)，血浆脑钠肽(BNP)水平，代谢当量(METs)，以明尼苏达心力衰竭生活质量量表(MLHFQ)评分表示健康相关生活质量，记录12个月内的再入院率和死亡率。结果：两组治疗8周时LVEF、LVEDd、NYHA分级均显著改善（P均＜0.05＝，且与常规护理组相比，运动康复组LVEF [（54.7±6.2）% 比（65.4±8.7）%]、LVEDd [（49.6±8.3）mm  比（40.2±9.3）mm]、 NYHA分级[（2.7±0.8）级 比 （1.9±0.9）级]改善更显著 (P<0.05)；6MWD[(122.7±9.2)m比(175.6±8.7)m]和METs[(5.8±1.8)比(8.4±2.4)]也明显增加 (P<0.01)，血浆BNP水平[(43.4±9.8) pg/ml比(31.7±8.9) pg/ml]明显降低（P<0.05）；运动康复组康复训练中未发生严重不良事件。12个月时，运动康复组MLHFQ评分明显高于常规护理组[(68.9±7.9)分比(45.6±8.2)分, P<0.05]，因心衰再入院率明显低于常规护理组(9.5%比24.4%，P<0.05)。结论：对老年慢性心衰患者实施运动康复安全有效，可明显改善心功能，增强运动耐力，提高生活质量。
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Chronic heart failure (CHF) is the final outcome of most cardiovascular diseases. As human aging accelerates, incidence rate and mortality rate of CHF rapidly increase in aged patients. CHF seriously affects lives and quality of life in aged people. Traditionally, CHF had been thought to be a contraindication of exercise rehabilitation always. Treatment for CHF was strict limitation of physical activity in order to lower circulation load before 1970, which led to decreased activity capacity. Long-term bed may lead to muscle atrophy and seriously affect quality of life. Patients’ condition in aged patients is complex and changeable, and its treatment and nursing care are difficult. The present study performed exercise rehabilitation in aged CHF patients to study its safety and effect.

1. Subjects and methods

1.1 Subjects

    A total of 83 aged CHF patients admitted in our hospital from May 2007 to May 2010 were selected. Cardiac functions of all patients were New York heart association (NYHA) class II~IV and they accorded with diagnostic standard for CHF formulated by WHO. All patients underwent echocardiography determination, and all were informed and consent for participating in the present experiment. Basic diseases for CHF included 45 cases with ischemic cardiomyopathy, eight cases with pulmonary heart disease, seven cases with rheumatic heart disease, 10 cases with dilated cardiomyopathy, eight cases with hypertensive heart disease and five cases with other diseases. According to cardiac function pairing, patients were divided into usual care group (n=41) and exercise rehabilitation group (n=42). All patients were excluded for severe ventricular arrhythmias, limbs activity disorder, language barrier, severe liver or renal insufficiency and subjects who cannot complete exercise training items. General data of patients were shown in table 1. 

1.2 Methods

Usual care group received usual care for CHF，their activity amount were limited. Exercise rehabilitation group received exercise training based on usual care. All patients received evaluation of cardiac function after admission, exercise amount of each patient was determined according to cardiac function class and they were guided by professionally trained nurses. Plan of rehabilitation training were revised and formulated according to relative cardiac rehabilitation exercise prescription [1]. In principle, patients started from low exercise amount and increased exercise intensity gradually. When their conditions were steady after 1~2d, patients with NYHA class Ⅳ started passive activity in bed (limbs activity and to turn their body over) twice a day; after 3~6d, they did leg exercise in bed by themselves (exercised their joints of feet, ankle and knees according to planned steps); on 7~8th d, they were assisted to sit on sofa or straight back chair, 10~30 min a time, once or twice a day, and duration and frequency increased gradually; on 9~10th d, they were trained according to plans for NYHA class Ⅱ and Ⅲ: to take medical gymnastics or walk 100~200m on flat ground, twice a day, and gradually increased to 500m or to go upstairs or downstairs for one floor, twice a day. All patients were accompanied by family when training. Patients simultaneously received health education and life guidance while exercise training. Telephone follow-up was performed every week after discharge and patients come hospital for to receive guidance regularly. Course of treatment was eight weeks for both groups and they were all followed up for 12 months. When following situations occurred in patients, they should reduce exercise amount or stop training: (1) precordial discomfort, palpitations, short of breath, chest tightness, chest pain; (2) dizziness, amaurosis and astasia; (3) extremely tired; (4) cerebral ischemia or poor peripheral circulation symptoms such as pale, cyanosis or cold sweat; (5) manifestations of heart failure: such as pulmonary rales, gallop etc. by auscultation ; (6) obvious abnormal electrocardiogram, such as aggravated ST segment depression, severe arrhythmias, including multi-source, frequent premature ventricular contractions, supraventricular or ventricular tachyarrhythmias etc. 

1.3 Observation item  

  (1) Clinical cardiac function: cardiac function was represented by NYHA cardiac function classification; (2) Measurement of cardiac function: echocardiography was used to measure left ventricular ejection fraction (LVEF) and left ventricular end-diastolic dimension (LVEDd); (3) 6min walk test: 6min walking distance（m） was measured; (4) Radioimmunoassay was used to measure plasma level of brain natriuretic peptide (BNP); (5) Exercise intensity: oxygen metabolic equivalent (METs) was measured in treadmill test and calculated by treadmill; (6) Quality of life: Minnesota living with heart failure questionnaire (MLHFQ) was used to evaluate health-relative quality of life; (7) Rehospitalization rate and mortality rate: rehospitalization times and number of deaths caused by heart failure within 12 months were recorded; (8) Safety: all kinds of adverse events were recorded during rehabilitation training. 
1.4 Statistical process representation

    SPSS 11.5 software was used to perform statistical process. Measurement data were presented as mean ± standard deviation (
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±s). Numeration data were presented as percentage and tested by chi-square test. Single factor analysis of variance was used to perform comparison among multiple variables. T test was used to perform own comparison between before and after intervention. P<0.05 was regard as possessing significant difference. 
2. Results

2.1 General conditions of two groups at admission

There were no significant difference in age, gender, body mass index, NYHA class and length of medical history between two groups (P>0.05), so their data were comparable, and were shown in table 1. 

Table 1 Comparisons of general data between two groups 

	Group
	Gender

(male/female)
	Age

(years)
	BMI

(kg/m2)
	NYHA

（classes）
	Medical history

(months)

	Usual care group
	33/8
	67.2±7.8
	18.7±5.2
	3.2±0.6
	4.3±0.8

	Exercise rehabilitation group
	34/8
	66.4±8.2
	16.9±6.1
	3.4±0.5
	5.5±0.7


Note: NYHA: New York heart association. BMI: Body mass index. Similarly hereinafter.

2.2 Comparison of cardiac function between two groups

Compared with usual care group after eight-week intervention, there were significant increase in LVEF and significant decrease in LVEDd and NYHA class in exercise rehabilitation group (P<0.05 all), were shown in table 2.

  Table 2 Changes of cardiac function before and after intervention in two groups (
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±s)
	Indicator


	Usual care group
	Exercise rehabilitation group

	
	Before treatment
	After treatment
	Before treatment
	After treatment

	LVEF (%)
	40.2±4.1
	54.7±6.2*
	42.6±6.8
	65.4±8.7*Δ

	LVEDd (mm)
	58.7±5.4
	49.6±8.3*
	57.4±6.1
	40.2±9.3*Δ

	NYHA （class）
	3.4±0.7
	2.7±0.8*
	3.3±0.6
	1.9±0.9*Δ


Notes: LVEF: left ventricular ejection fraction, LVEDd: left ventricular end-diastolic dimension. Compared with before treatment * P＜0.05, compared with usual care group ΔP＜0.05. Similarly hereinafter.

2.3 Comparison of exercise capacity and plasma level of BNP between two groups

    Compared with usual care group after eight-week intervention, there were significant increase in 6min walking distance and METs, and significant decrease in plasma level of BNP in exercise rehabilitation group (P<0.05 all), were shown in table 3. 

Table 3 Comparison of exercise capacity and BNP before and after treatment between two groups (
[image: image3.wmf]c

±s)
	Group


	6min walking distance (m)
	METs
	BNP (pg/ml)

	
	Before treatment
	After treatment
	Before treatment
	After treatment
	Before treatment
	After treatment

	Usual care group
	87.2±5.2
	122.7±9.2*
	5.3±1.3
	5.8±1.8
	60.7±5.3
	43.4±9.8*

	Exercise rehabilitation group
	82.8±9.7
	175.6±8.7*Δ
	5.1±6.7
	8.4±2.4*Δ
	57.3±10.2
	31.7±8.9*Δ


Notes: METs: oxygen metabolic equivalent, BNP: brain natriuretic peptide.

2.4 Follow up results of two groups

Compared with usual care group after 12-month follow up, there were significant increase in MLHFQ score, significant improvement in quality of life and significant decrease in rehospitalization rate caused by heart failure in exercise rehabilitation group (P＜0.05＝, but there was no significant difference in mortality rate between two groups (P＞0.05), were shown in table 4.

Table 4 Comparison of follow up results between two groups
	Group
	n
	MLHFQ score(
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±s)
	   Rehospitalization    rate n(%)
	Mortality rate  n (%)

	Usual care group
	41
	45.6±8.2
	10(24.4)
	4(9.8)

	Exercise rehabilitation group
	42
	68.9±7.9Δ
	4(9.5)Δ
	3(7.1)


Note: MLHFQ: Minnesota living with heart failure questionnaire.
2.5 Observation on safety

All patients in exercise rehabilitation group completed all exercise training program under guidance of medical staff. During the process, two cases occurred fatigue and chest tightness, one case occurred dizziness and asthma. The symptoms relieved after rest or decrease exercise amount within 30 min. No severe adverse reactions occurred, such as aggravated heart failure, arrhythmias and sudden death. 

3. Discussion

In recent years, therapeutic concept of CHF had essential conversion, that emphasized on improvements of exercise capacity and quality of life. Decrease of exercise ability is obviously correlated with abnormality in structure or biochemical metabolism of skeletal muscle, oxygen metabolism disorders presented as mitochondrial dysfunction in skeletal muscle in CHF patients. Adaptive changes of skeletal muscle caused by exercise include increases in concentration and activity of mitochondria and oxygen supply ability of capillary blood. At present, domestic rehabilitation exercise prescriptions for aged CHF patients is few. Aged people usually complicate with many chronic diseases, patients’ condition is complex and their exercise ability and understanding power are poor, so it needs patience and carefulness in exercise training for aged people. Medical staff should formulate exercise project with good compliance, moderate exercise amount and repeatability. The present study evaluated cardiac function of patients at first, then formulated individual training project combined with living habits and past exercise amount of patients. The goal was no obvious chest tightness and breathlessness, and exercise heart rate was no exceeding 30% of resting heart rate. During early training, patients must accompany with professional nurse and familiality, equipped with first aid drugs and exercise wasn’t done after dinner to avoid accident. After discharge from hospital, patients may walk, undertake conditioning exercise and taijiquan or other aerobic exercise. Nursing outside the hospital should not only make patients dare to do exercises, but also guide them to exercise scientifically [2]. Aerobic exercises can be regard as effective secondary preventive method for CHF patients, they play an important role in improvements of vascular endothelial function and skeletal muscle function, and modulation of neurohormone levels [3]. Aerobic exercise training can significantly improve quality of life in CHF patients [4,5]. 

The present study comprehensively applied multiple indicators to evaluate short- and long-term effects of exercise rehabilitation in aged CHF patients. LVEF, LVEDd and NYHA class are common and reliable clinic indicators for evaluating cardiac function in CHF patients. Plasma BNP level can well reflect cardiac function state of CHF patients, it can be used as important indicator for evaluating disease condition and prognosis [6,7]. The 6min walking distance is good indicator for evaluating exercise capacity, but MET is more good indicators for evaluating exercise capacity and intensity in CHF patients. Results of the present study indicated that after eight-week exercise training, compared with usual care group, there were significant improvements in LVEF, LVEDd and NYHA class, significant increase in 6min walking distance and METs, and significant decrease in plasma level of BNP in exercise rehabilitation group; there were no aggravated heart failure or severe arrhythmias in exercise rehabilitation group during exercise training; after follow up 12-month, compared with usual care group, MLHFQ scores significantly increased and rehospitalization rate significantly decreased in exercise rehabilitation group, indicated that exercise rehabilitation is safe, effective in aged people and should be spread. 
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