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Pulmonary Rehabilitation Program – Exercise Protocol
General information

This program is assumed to be a functional training method. For the development of the original COPE-active Program 1


( ADDIN EN.CITE )
, which this program has been based on, the five most problematic activities of a sample of 15 COPD patients were identified with help of the Canadian Occupational Performance Measure (2). These activities, cycling, walking, climbing stairs, lifting weights and the optional exercise: pushing and pulling (e.g., vacuuming, raking the garden), were incorporated in the COPE-active program. The determination of the intensity and the change in intensity for most exercises were derived from Gosselink et al. (3) and are in line with best practice recommendations (4).

For each program, the physiotherapist assesses patients individually prior to program commencement. Detailed information about each patient will be provided to assist the physiotherapist with exercise prescription: results of the incremental maximal cycle ergometry test (CPET – cardio-pulmonary exercise test), the 6 minute walk test, and lung function. In this way, training intensity of the program can be tailored to the individual. Some patients will not perform the CPET, usually due to medical reasons. These patients when attending the physiotherapy gym assessment can still have the sub-maximal exercise test provided they have medical clearance to do so. In the absence of objective CPET results the prescription will be determined by symptoms (shortness of breath and fatigue) and not Tables 1 and 2.
The total training period for each patient will be 12 weeks. Frequency of training sessions will be two times per week, and participants will be encouraged to do at least one unsupervised home based exercise training to facilitate behaviour change towards exercise. Training will be given in groups of 10-15 patients and the duration of the sessions is 60 minutes. 
Choice between endurance and interval training

The choice for endurance or interval training in cycling and walking will be determined using the results of the incremental maximal cycle ergometry test and a sub-maximal cycle test examined by the physiotherapist. During the sub-maximal cycle test the patient has to cycle for as long as possible, with a maximum of 30 minutes, using a standardised speed (75% of maximum wattage and 60-80 RPM). For deciding whether or not interval training is indicated, a flow chart is used (Figure 1).
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    Figure 1  Flow chart  for choosing endurance or interval training
Determination of the intensity

The intensity of the exercises will be determined by the physiotherapist, using the results of the maximal cycle ergometry test and the 6 minute walk test. When required, the physiotherapist will determine the 1 Repetition Maximum (1‑RM; the maximum weight with which patients can perform one well-coordinated move) using the Holten graph (5). The training schemes in this protocol are provided as a guideline. Training intensity is adjusted to suit the needs of the patient.
Apart from the physiotherapist’s clinical judgement, Borg-scores for dyspnoea and fatigue (6) are used for adjustment of the training intensity. When a patient indicates a low dyspnoea and/or fatigue score (< 4) at the end of the training, the intensity of the training needs to be reconsidered. If there is a consistent significant difference between both BORG-scores during successive training sessions, a low score on fatigue and a high score on dyspnoea, a switch from endurance to interval training may be necessary. When the patient is already on an interval scheme, the interval time can be reduced and the intensity can be increased. 

Exercises in the gym
Individual Assessment Session: 

· Physiotherapy examination (subjective examination, objective examination)
· Sub-maximal cycle test 
· Establishment of individualised exercise program
· General back posture education while performing exercise routine
Week 1-2:

· Getting used to the training activities and working up to the individually tailored training intensity 

Week 2 and further:

· Training according to the protocol. Tables with training intensities for week 2-12 will be provided, but should only be used as a guide. 
Exercise 1: Cycling

The Wmax, determined by maximal cycle ergometry needs to be used to set the training intensity. 
	Table 1  Cycling: intensity and time settings for endurance training

	Week
	Intensity
	Time
	Week
	Intensity 
	Time

	2
	55% Wmax
	10 minutes
	8
	70% Wmax
	16 minutes

	3
	55% Wmax
	12 minutes
	9
	70% Wmax
	16 minutes

	4
	60% Wmax
	12 minutes
	10
	75% Wmax
	16 minutes

	5
	60% Wmax
	14 minutes
	11
	75% Wmax
	16 minutes

	6
	65% Wmax
	14 minutes
	12
	80% Wmax
	16 minutes

	7
	65% Wmax
	16 minutes
	
	
	


	Table 2  Cycling: intensity and time settings for interval training (intervals of two minutes exercise and 2 minutes rest)

	Week
	Intensity
	number 
of sets
	Week
	intensity
	number 
of sets 

	2
	60% Wmax
	3
	8
	70% Wmax
	5

	3
	60% Wmax
	4
	9
	70% Wmax
	5

	4
	60% Wmax
	4
	10
	75% Wmax
	5

	5
	60% Wmax
	5
	11
	75% Wmax
	5

	6
	65% Wmax
	5
	12
	80% Wmax
	5

	7
	65% Wmax
	5
	
	
	


Exercise 2: Walking

The 6 minute walking test will be used to determine the training intensity. 
	Table 3  Walking: intensity and time settings for endurance training (treadmill)

	Week
	Intensity 
(% average
speed 6MWT)
	Duration
	Week
	Intensity 
(% average
speed 6MWT)
	Duration

	2
	75% 
	12 minutes 
	8
	95% 
	16 minutes

	3
	80% 
	12 minutes
	9
	100% 
	16 minutes

	4
	80% 
	14 minutes
	10
	105% 
	16 minutes

	5
	85% 
	14 minutes
	11
	110% 
	16 minutes

	6
	90% 
	14 minutes
	12
	110% 
	16 minutes

	7
	90% 
	16  minutes
	
	
	


	Table 4  Walking: intensity and time settings for interval training on the treadmill (intervals of two minutes exercise and 2 minutes rest)

	Week
	Intensity 
(% average 
speed 6MWT)
	number 
of sets
	Week
	Intensity 
(% average 
speed 6MWT)
	number 
of sets

	2
	80% 
	2mins x 5
	8
	95% 
	2mins x 8

	3
	80% 
	2mins x 6
	9
	100% 
	2mins x 8

	4
	85% 
	2mins x 6
	10
	105% 
	2mins x 8

	5
	85% 
	2mins x 7
	11
	110%
	2mins x 8

	6
	90% 
	2mins x 7
	12
	110% 
	2mins x 8

	7
	90% 
	2mins x 8
	
	
	


Exercise 3: Walking stairs 

When prescribing this activity, the physiotherapist will choose out of four training methods depending on the patient’s capabilities. 

1. Step on and off a footrest

2. Walking a 3 or 4-step stair

3. Walking normal stairs

4. Quads strengthening machine.
Training mode 1, 2, 3:

For stepping on and off a footrest, walking a 3 or 4-step stair and walking up normal stairs, three different training modes: 
1) exercising for two minutes without rest; 
2) two times one minute of exercise, with one minute rest in between; 
3) three times 30 seconds of exercise, with 30 seconds rest in between. 

The physiotherapist assesses which mode will suit the patient best. As required, the physiotherapist will alter the mode to ensure the intensity is suitable. Intensity can be boosted by increasing the speed and by increasing the time. The first choice will be increasing the speed, however when coordination is the limiting factor and/or the patient becomes pulmonary limited, speed is maintained and time should be increased.  

· Exercising for 2 minutes without rest
The patient is asked to perform maximally with regard to the number of steps within two minutes. Every week the number of steps will be increased by 6% (Table 5).
	Table 5  Intensity for walking stairs exercises: 1 * 2 minutes

	Week
	Intensity
	Week
	Intensity

	2
	100% of total number of repetitions
	8
	136% of total number of repetitions

	3
	106% of total number of repetitions
	9
	142% of total number of repetitions

	4
	112% of total number of repetitions
	10
	148% of total number of repetitions

	5
	118% of total number of repetitions
	11
	154% of total number of repetitions

	6
	124% of total number of repetitions
	12
	160% of total number of repetitions

	7
	130% of total number of repetitions
	
	


· Two times one minute of exercise, with one minute rest

If the patient is unable to do steps for 2 minutes, change to this mode. First, the number of steps in one minute needs to be counted (the patient is asked to perform maximally). The number of steps per minute will be increased every week (Table 6).

· Three times 30 seconds of exercise, after exercise 30 seconds rest
If the patient is not able to exercise for two minutes or for two times one minute, change to this mode. The number of steps in 30 seconds has to be counted (the patient will be asked to perform maximally). The number of steps per 30 seconds will be increased every week (Table 6).
	Table 6  Intensity for walking stairs exercises: 2*1 minute / 3*0.5 minute

	Week
	Intensity
	Week
	Intensity

	2
	80% of total number of repetitions
	8
	116% of total number of repetitions

	3
	86% of total number of repetitions
	9
	122% of total number of repetitions

	4
	92% of total number of repetitions
	10
	128% of total number of repetitions

	5
	98% of total number of repetitions
	11
	136% of total number of repetitions

	6
	104% of total number of repetitions
	12
	142% of total number of repetitions

	7
	110% of total number of repetitions
	
	


Training method 4:

This exercise is used when the patient is:

· not able to complete one of the other exercise methods for at least three times 
30 seconds 

· oxygen saturation drops to less than 87% during one of the other methods 

Quadriceps training can be performed using the quads machine, and/or the leg press, etc. The 1-RM has to be determined first (4) and then the following training schedule is used as a guide. Three sets of 8 repetitions are used (Table 7). 
	Table 7  Weight for isolated strength training of the m. quadriceps

	Week
	Weight
	Sets
	Week
	Weight
	Sets

	2
	70% of the 1-RM
	3 * 8
	8
	100% of the 1-RM
	3 * 8

	3
	70% of the 1-RM
	3 * 8
	9
	106% of the 1-RM
	3 * 8

	4
	76% of the 1-RM
	3 * 8
	10
	112% of the 1-RM
	3 * 8

	5
	82% of the 1-RM
	3 * 8
	11
	118% of the 1-RM
	3 * 8

	6
	88% of the 1-RM
	3 * 8
	12
	124% of the 1-RM
	3 * 8

	7
	94% of the 1-RM
	3 * 8
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Exercise 4: Lifting weights 

For this exercise the pulley machine is generally used. Provide general back care/posture education, then proceed to determine the 1-RM (4). Perform the exercise as shown on the pictures.

The exercise is performed in three sets of eight repetitions. Between the sets a maximum rest of 30 seconds is allowed. In Table 8 guidelines for increasing the weight are given. When the patient is performing very well, a faster increase of the weights is allowed. 
If during the training a weight of 18 kilos (7 weights each side for RGH gym pulleys) or more is needed to achieve the correct dosage as per Table 8, the exercise should be changed to duration training. The same exercise method is used. However a new 1-RM is set and the exercise is performed in three sets of 30 repetitions (Table 9).
	Table 8  Weight to strengthen ability to lift (3 sets of 8 repetitions)

	Week
	Weight
	Sets
	Week
	Weight
	Sets

	2
	70% of the 1-RM
	3 * 8
	8
	100% of the 1-RM
	3 * 8

	3
	70% of the 1-RM
	3 * 8
	9
	106% of the 1-RM
	3 * 8

	4
	76% of the 1-RM
	3 * 8
	10
	112% of the 1-RM
	3 * 8

	5
	82% of the 1-RM
	3 * 8
	11
	118% of the 1-RM
	3 * 8

	6
	88% of the 1-RM
	3 * 8
	12
	124% of the 1-RM
	3 * 8

	7
	94% of the 1-RM
	3 * 8
	
	
	


	Table 9 
Weight to strengthen ability to lift (3 sets of 30 repetitions)

	Week
	Weight
	Sets
	Week
	Weight
	Sets

	2
	50% of the 1-RM
	3 * 30
	8
	80% of the 1-RM
	3 * 30

	3
	50% of the 1-RM
	3 * 30
	9
	86% of the 1-RM
	3 * 30

	4
	56% of the 1-RM
	3 * 30
	10
	92% of the 1-RM
	3 * 30

	5
	62% of the 1-RM
	3 * 30
	11
	98% of the 1-RM
	3 * 30

	6
	68% of the 1-RM
	3 * 30
	12
	104% of the 1-RM
	3 * 30

	7
	74% of the 1-RM
	3 * 30
	
	
	


An optional exercise: pushing and pulling [OR unsupported arm lifting (upper limb activity)]
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These exercises can be included depending on the needs of the patient. For these exercises special training equipment has been developed (see picture). The push/pull equipment is used on a smooth surface where it is pushed and pulled between two lines one metre apart. The 1-RM needs to be determined with help of the Holten graph (5). After putting the right amount of weights on the equipment, the patient is asked to push and pull the box forwards and backwards between the lines. During this exercise the physiotherapist provides advice regarding appropriate back care. The exercise is performed in three sets of 30 repetitions (Table 10).
	Table 10  Weights for pushing and pulling

	Week
	Weight
	Sets
	Week
	Weight
	Sets

	2
	50% of the 1-RM .
	3 * 30
	8
	80% of the 1-RM
	3 * 30

	3
	50% of the 1-RM
	3 * 30
	9
	86% of the 1-RM
	3 * 30

	4
	56% of the 1-RM
	3 * 30
	10
	92% of the 1-RM
	3 * 30

	5
	62% of the 1-RM
	3 * 30
	11
	98% of the 1-RM
	3 * 30

	6
	68% of the 1-RM
	3 * 30
	12
	104% of the 1-RM
	3 * 30

	7
	74% of the 1-RM
	3 * 30
	
	
	


Home-based exercise training

The patient is asked to execute one home-based training session a week. At the start of the training period, the physiotherapist discusses on what day this session will take place. Success in compliance is usually more likely if the guidance is more definite. It is recommended that a rest day is planned after every training day. 
The home-based exercise program consists of three components:

1. walking or cycling

2. resistance training for the lower extremities (one exercise)

3. resistance training for the upper extremities (one exercise)

Before the start of the training period, the patient will decide whether he is going to walk or cycle. However, when interval training is indicated and the patient does not have a stationary bike, walking is recommended. In addition, the physiotherapist selects the resistance exercises that suit the patient most. The patients are instructed in the exercises by the physiotherapist who also determines the resistance. A training diary with standardised instructions for the exercises is supplied to the patient. After each home session the patient is to note: 
1) whether or not he has done each exercise; 
2) the weather conditions; 
3) to what extent he experienced shortness of breath and fatigue. 
Periodically, the physiotherapist and patient will review the diary. Every other week the physiotherapists evaluates one of the two resistance training exercises to check the training intensity, after which the physiotherapist decides whether the chosen exercise method is still the most appropriate one.

Cycling: endurance

The patient is instructed to reach the fatigue that he also experiences during the cycling training in the gym. If this is not the case, the patient is instructed: 1) to increase the speed; 2) to extend the exercise time; or in case of a stationary bike 3) to increase the resistance. At the start of the training period, weekly evaluations are necessary to properly determine cycling intensity. So, Table 11 is simply a guide.

	Table 11  Home-based cycle training (endurance)

	Week
	Duration
	Week
	Duration

	2
	Minimum 10 minutes
	8
	Minimum 16 minutes

	3
	Minimum 12 minutes
	9
	Minimum 18 minutes

	4
	Minimum 12 minutes
	10
	Minimum 18 minutes

	5
	Minimum 14 minutes
	11
	Minimum 20 minutes

	6
	Minimum 14 minutes
	12
	Minimum 20 minutes

	7
	Minimum 16 minutes
	
	


Cycling: interval

Interval training is only possible if the patient has a stationary bike. The patient is instructed to reach the fatigue that he also experiences during the cycling training in the gym. The patient is asked to cycle in sets of two minutes, with two minutes rest in between (Table 12). When the fatigue is lower than the fatigue in the gym, the resistance needs to be increased. When the patient experiences severe dyspnoea and almost no fatigue, the length of the intervals may be reduced in combination with increased resistance. Weekly evaluations are necessary to determine the intensity properly.
	Table 12
Home-based cycle training (interval)

	Week
	Number of sets 
	Week
	Number of sets

	2
	3 * 2 minutes
	8
	6 * 2 minutes

	3
	4 * 2 minutes
	9
	6 * 2 minutes

	4
	4 * 2 minutes
	10
	6 * 2 minutes

	5
	5 * 2 minutes
	11
	6 * 2 minutes

	6
	5 * 2 minutes
	12
	7 * 2 minutes

	7
	5 * 2 minutes
	
	


Walking: endurance

The patient is asked to increase the walking time to 30 minutes. At the start, the physiotherapist asks the patient to measure how long he is able to walk without a rest. The patient is asked to walk one minute longer every week. 

When the patient is able to walk for 30 minutes, the speed should be increased with the help of a pedometer. The patient needs to increase the total number of steps within 30 minutes (increase of 5% per week). To help establish this, the number of steps should be recorded after 7.5, 15, and 22.5 minutes. During the actual walking sessions at home, the patient uses this information to check whether he is on track and, when necessary, whether he needs to adjust his walking speed. When the patient has reached their maximum walking pace, that speed will be fixed and the duration of walking will be increased by 2 minutes per week (number of steps after 7.5, 15, 22.5, 30… need to be prescribed by the physiotherapist). 

Walking: interval

The physiotherapist will determine the number of steps the patient can achieve in two minutes. The number of steps was will be kept the same (monitored with help of a pedometer). Intensity needs to be increased using Table 13. If there is a discrepancy between the level of fatigue and dyspnoea, reduction of the exercise time and an increase of the speed (using pedometers) needs to be considered.
	Table 13 
Home-based walk training (interval)

	Week
	Number of sets 
	Week
	Number of sets

	2
	3 * 2 minutes
	8
	6 * 2 minutes

	3
	4 * 2 minutes
	9
	6 * 2 minutes

	4
	4 * 2 minutes
	10
	6 * 2 minutes

	5
	5 * 2 minutes
	11
	6 * 2 minutes

	6
	5 * 2 minutes
	12
	7 * 2 minutes

	7
	5 * 2 minutes
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Resistance training: lower extremities (at least one exercise is prescribed)
Exercise 1: walking stairs
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Similar to walking stairs in the gym, patients use only the first step of the stairs: left foot on the step, right foot on the step, left foot on the ground, right foot on the ground. The physiotherapist will choose the optimal form: 
1) exercising for two minutes; 
2) two times one minute of exercise, after exercise one minute rest; 
3) three times 30 seconds of exercise, after exercise 30 seconds rest. 
For intensity: see Tables 5 and 6.
Exercise 2: getting up out of a chair
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Initially, the patient is asked to get up and sit down as often as he can. This number of repetitions will be taken as baseline. The training intensity will be set at 3 sets of 70% of this baseline. For this exercise different forms can be used: hands on the knees, hands on the arm rests, or use of a higher/lower chair.
[image: image10.jpg]


[image: image11.jpg]


Exercise 3: training of quadriceps with help of Thera-band

The maximum number of repetitions for both legs will be determined. The training consists of 3 sets for each leg (Table 14).

	Table 14  Home-based training of the m. quadriceps

	Week
	Intensity
	Sets
	Week
	Intensity
	Sets

	4
	70% of max repetitions
	3 * 8
	11
	100% of max repetitions
	3 * 8

	5
	70% of max repetitions
	3 * 8
	12
	106% of max repetitions
	3 * 8

	6
	76% of max repetitions
	3 * 8
	13
	112% of max repetitions
	3 * 8

	7
	82% of max repetitions
	3 * 8
	14
	118% of max repetitions
	3 * 8

	8
	88% of max repetitions
	3 * 8
	15
	124% of max repetitions
	3 * 8

	9
	94% of max repetitions
	3 * 8
	16
	130% of max repetitions
	3 * 8


Resistance training: upper extremities (at least one exercise is prescribed)
Exercise 1: training biceps brachii with help of the Thera-band
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For performance: see pictures. Intensity: see Table 7

Exercise 2: press-ups from the wall

The patient faces the wall. The physiotherapist advises how far to stand away from the wall. The hands are placed at the same height as the shoulders. The back is held as straight as possible. For intensity: see Table 7
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