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Abstract

Objective: To compare the effects of an integrated programme of physical and electrical therapy to standard rehabilitation to improve physical and functional performance in elderly pneumonia inpatients.

Design: Randomized clinical trial. The study was registered in the ClinicalTrial.gov website (identifier: NCT02515565).

Setting: University Hospital

Subjects: 185 elderly pneumonia inpatients were eligible for the study, of which 95 were finally randomized. 
Interventions: Patients were randomized to a control group which received the standard treatment or to an intervention group which received additionally an integrated programme of physical and electrical therapy. 

Main measures: Demographic and clinical information was acquired. Pulmonary function, length of hospital stay, handgrip strength, independence levels and comorbidities were assessed as descriptive outcomes. The main outcome measure was Functional and physical performance, evaluated with the short physical performance battery. Secondary outcome measures were respiratory symptoms including dyspnea, fatigue and cough.

Results: Mean age of patients was 74.92(11.03) years in the intervention group and  72.53(9.24) years in the control group. Significant between groups differences (p<0.05) were found in SPPB chair stand test (2.17(0.97) vs. 0.58(0.61)) and total score (5.91(3.61) vs. 4.15(3.15)). The intervention group showed higher punctuation than the control group in both cases. Fatigue (32.04(18.58) vs. 46.22(8.90)) and cough (18.84(2.47) vs. 17.40(3.67)) showed higher improvement in the intervention group, and significant differences were observed between the groups.

Conclusions: An integrated programme of physical and electrical therapy during hospitalization improves physical and functional performance in patients with pneumonia. 
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Introduction
Once believed to be an acute illness with minimal repercussions, pneumonia is increasingly recognized to be a fundamental turning point in patients’ lives.3 Deleterious effects of hospitalization in pneumonia patients have been previously described and include significant physical impairment which increases with age.4 Reasons are the inactivity during the length of hospital stay5 and lack of physical therapy, which exacerbate age-related muscle atrophy. Physical and functional impairment during hospitalization place a heavy burden on hospitalized seniors and their caregivers, it is an important risk factor that increases dependence levels and it has been shown to be related to a nursing home discharge.6 Furthermore, it has been shown that even a non-critical pneumonia hospitalization can lead to long-term adverse outcomes.7 Additionally, pneumonia patients report higher readmission rates.8
It is crucial to avoid physical and functional disability given the consequences9 and the potential to create substantial chronic care needs.  In this way, a previous study10 concluded that the improvement in functional outcomes after an inpatient rehabilitation program was greater than after standard respiratory physiotherapy. In addition, hospital-based rehabilitation has shown to be associated with reductions in early hospital readmission rates.11
Recently, the neuromuscular electrical stimulation of the lower limbs has been successfully described as an useful alternative training method to increase strength, balance or walking tolerance in different groups of patients.12-13 Nevertheless, no previous studies have reported the extent to which a neuromuscular electrical stimulation exercise program in pneumonia inpatients can improve physical and functional performance. 
Hence, the aim of this study was to compare the effects of an integrated programme of physical and electrical therapy to standard rehabilitation to improve physical and functional performance in elderly pneumonia inpatients.
Methods
A randomized controlled clinical trial was conducted following the recommendations of the CONSORT (Consolidated Standards of Reporting Trials).14  The research was performed at the respiratory service of Granada University Hospitals, Spain. It was approved by the ethics committee of the Biomedical Research Ethics Committee of Granada (Reference number 57/2015) and registered in the ClinicalTrial.gov website (identifier: NCT02515565). The study was performed from September 2015 to April 2018 and was conducted in accordance with the Helsinki Declaration. All patients were informed of the study purposes and signed an informed consent form.

Elderly patients hospitalized due to pneumonia admitted in the respiratory service of Granada University Hospitals were screened daily and recruited. The patients were then contacted on the first day of hospitalization. . The exclusion criteria were the following: Patients with pneumonia as in-hospital complication were not included. Patients with musculoskeletal or neurological conditions that might interfere with the evaluation or the intervention patients exhibiting changes in mental status, people who were judged to be likely to leave hospital within five days, or inability to complete any of the evaluations were excluded. 
All patients were evaluated on 2 separate occasions: the second day of hospitalization and at hospital discharge.  On the second day of hospitalization, patients performed assessments and were then allocated into either intervention or control groups. Evaluations were performed by a blinded evaluator. The randomization sequence was computer-generated by one investigator not involved in the study, and allocation was concealed in sequentially numbered, sealed, and opaque envelopes. The blinded evaluator did not discover the allocation of patients during the study as was the same person who performed the evaluations at day 2 and at discharge. An additional researcher, who was not blinded, performed the integrated physical therapy and neuromuscular electrical stimulation therapy.
The control group received normal daily care during the hospitalization period, including drug treatment and oxygen therapy adjusted by the medical staff.  The usual daily care included the performance of controlled breathing techniques.15
The intervention group received the same normal care as the control group, in addition to undergoing a physical therapy program. The intervention was delivered individualized by experienced physiotherapists.  
The protocol was carried out as follows: 
10 minutes of warm-up. Patients performed controlled breathing exercises including relaxation exercises, pursed lip breathing and active expiration; and active upper limb range of motion exercises while breathing.15
30 minutes of neuromuscular electrical stimulation superimposed onto different exercises was applied.16 The NMES protocol selected was based on previous studies (16,17) neuromuscular electrical stimulation was administered using an electrical stimulator (CEFAR Rehab X2, DJO France S.A.S., France) with two electrodes placed on the mid aspect of the quadriceps (5 cm distal from the inguinal ligament) and vastus medialis (5 cm proximal from the patella). The stimulation protocol consisted of an asymmetrical biphasic pulse wave at 50 Hz frequency with a pulse duration of 400 milliseconds (ms). The contraction time was 8 seconds with 20 seconds of relaxation. Both legs were stimulated synchronously. The intensity was adjusted by the physiotherapist according to how well the individual tolerated it. Patients were encouraged to raise the intensity to the maximum tolerated voltage during each consecutive session. Four different levels of progression were proposed, neuromuscular electrical stimulation superimposed onto different exercises in each level was included, and some of the exercises were applied using a resistance elastic band. The different exercises performed at each level were as follows: 

First level included the use of neuromuscular electrical stimulation alone. 

Second level included neuromuscular electrical stimulation superimposed onto isometric voluntary muscle contraction with extended knee.

Third level included neuromuscular electrical stimulation superimposed onto concentric voluntary muscle contraction beginning at 90º of knee flexion.
Finally, fourth level included neuromuscular electrical stimulation superimposed onto concentric voluntary muscle contraction of the quadriceps resisted by a resistance elastic band.
5 minutes of relaxation/cool-down. Breathing exercises accompanied by limb-stretching exercises. 

Each patient reached the next level of progression when the fatigue and dyspnea levels were below 4, measured on a Borg scale17 after the intervention session. 

The programme was performed daily during the hospitalization period of the patients. The physiotherapist monitored the intervention, answered questions and supervised the performance of the exercise during the program. In each session, subjects were examined for adverse signs and symptoms such as increased pain, severe dyspnea, desaturation, and increased skin temperature. If subjects desaturated below 85% for more than 1 minute during exercise training, supplemental oxygen was administered. The activity was stopped if the patient reached level 8 of dyspnea or fatigue on the Borg scale.17 If any soreness lasted more than a few hours after the intervention, the regimen was decreased accordingly for those subjects. The Tidier checklist scale was usedwithin the description of the intervention.18
Demographic and clinical information about age or body mass index was acquired from electronic patient files, interviews and clinical assessments. All tests were administered by qualified health-care professionals. Pulmonary function was assessed following the criteria of the American Thoracic Society. Forced expiratory volume in first second was obtained.19 Length of hospital stay was recorded. Handgrip strength as a reliable marker of peripheral muscle strength was obtained.20 Independence levels were evaluated using the Functional independence measure ,21 and Charlson Comorbidity Index was used to assess comorbidities.22
Functional and physical performance was evaluated as main outcome measure. The short physical performance battery  was performed according to the National Institute on Aging protocol.23 This test is designed to measure functional status and physical performance.23 The short physical performance battery assess three tasks: walking speed, standing balance, and sit-to-stand performance. Each task is scored out of 4, with the scores from the three tests summed to give a total, with a maximum of 12 and a minimum of 0. A higher score indicates a higher level of function.24 The short physical performance battery is a reliable, efficient,  accurate and validated test23 that can be used in both research and clinical settings. In addition, it strongly predicts loss of ability to walk medium distances.

Respiratory symptoms including dyspnea, fatigue and cough were evaluated as secondary outcome measures.

Dyspnea. Dyspnea perception was obtained at rest using the modified Borg scale. Patients classified their breathlessness from 0 to 10.17
Fatigue. The Fatigue severity scale  was used. Fatigue severity scale consists of a 9-item self-report scale which measures the severity of fatigue and its effect on a person’s activities and lifestyle in patients with a variety of disorders.25 The items are scored on a 7 point scale. The minimum score is 9 and maximum score 63. Higher scores imply greater fatigue severity. 
Cough. The Leicester cough questionnaire  was used. It is a 19-item, self-completed questionnaire exploring the impact of cough severity across physical, psychological and social domains. It is divided into three domains and contains a seven-point Likert-type response scale for each item.The total severity score ranges from 3 to 21.. A lower score indicates a greater impairment of health status due to cough or sputum.26 
The sample size was computed using the short physical performance battery, for which it was estimated that a between-group difference of 1.3 points should be considered as clinically important.23,27 In order to assure 95% statistical power and 5% type I error and considering a standard deviation of 2.7 points,28 84 patients were required, but 95 were actually recruited to allow for a drop-out rate of 15%.

The data obtained were analyzed with the Statistical Package for the Social Sciences (SPSS) software, version 20.0 (IBM, NY, USA). Descriptive statistics (mean ( standard deviation)) were used to determine participant characteristics. The Kolmogorov-Smirnov test to assess the normality of continuous data and Mauchly’s test of sphericity were performed prior to the statistical analysis. Normally distributed variables between groups at baseline and discharge were compared using Student’s T test. Variables were also compared within groups using Student’s T test. The statistical analysis was conducted at 95% confidence level. A p-value of less than 0.05 was considered as statistically significant.

Results
Initially, 185 patients hospitalized due to pneumonia were eligible for the study, of which 95 agreed to participate following an explanation of the study details and met the inclusion criteria. In the study, 95 patients were randomly assigned to either the intervention group or control group. All the participants completed the assigned intervention. The flow diagram of participants is shown in figure 1. 

Please insert figure 1

Baseline characteristics were comparable between the two groups, only significant differences were found in body mass index between the groups. Baseline characteristics of patients are reported in table 1. 
Please insert table 1

Main and secondary outcome measures are shown in table 2. No significant differences were found in outcome measures at baseline. 
In the intervention group all the within group variables improved significantly (p<0.05) from baseline to discharge, except the short physical performance battery Chair stand test which improved but not significantly. 
The control group showed a worsen in the subscale chair stand (p=0.007) and the total punctuation of the short physical performance battery, and a significant improvement in the rest of variables.

Significant differences (p<0.05) were found in short physical performance battery chair stand test and short physical performance battery total score between the groups. The intervention group showed higher score than the control group in both cases, indicating better physical and functional performance after the hospitalization in the patients that received the intervention. The punctuation improved from baseline to discharge due to the neuromuscular electrical stimulation intervention, however, the control group worsened in those variables. 
Fatigue and cough improved significantly in both groups, however the improvement was higher in theintervention group, and significant differences were observed between the groups at discharge in those variables.

Please insert table 2
Adverse effects were monitored by therapists. No serious adverse effects occurred except of increase of fatigue after or during training, without leading to an interruption of the exercise program.

Discussion
Our results have shown that adding an integrated programme of physical and electrical therapy to standard rehabilitation improves strength values and related outcomes like gait and balance measured with the short physical performance battery.
Older patients with pneumonia are associated with a higher risk of decreased functional status, increased disability and with health-related complications e.g. infections, longer hospitalization, a higher need for rehabilitation, faster readmission and a higher mortality rate after discharge in the clinical settings.29 Those factors are known to influence the decline in functional performance.30 The main studies’ reason for this decline is the low muscle strength and muscle mass, that are more frequent in elders.30  It has been convincingly demonstrated that exercise training and neuromuscular electrical stimulation are key constituents of rehabilitation, resulting in functional capacity and physical independence improvements. 31 However, we are unaware of any other studies with which we can compare our results.
Several previous studies32,33 have confirmed functional responses to hospital-based physical therapy, but few studies10,11 have been performed in pneumonia patients. Our study contributes to the literature by providing evidence that physical therapy is a key component in the treatment of elderly hospitalized patients. Specifically, our study shows the benefits of including neuromuscular electrical stimulation in the treatment whose major advantage is the virtual absence of ventilatory stress during passive exercise, reflecting the smaller muscle mass involved. For this reason, dyspnea is not increased, and it is useful for severe disabled patients.34,35 It has been shown that passive training of specific locomotor muscle groups by means of neuromuscular electrical stimulation might be better tolerated than whole body exercise in respiratory patients.36 Application of neuromuscular electrical stimulation has been consistently associated with increased mass, strength, and endurance of both normally and abnormally innervated muscles in a range of pathological conditions.36 

The number of studies that have employed neuromuscular electrical stimulation is on the rise. A recent Cochrane review37 and one meta-analysis38 have shown that neuromuscular electrical stimulation in respiratory patients has the potential to improve outcomes related to physical function. However, to our knowledge, no report has been published about the effectiveness of physical therapy including neuromuscular electrical stimulation during hospital stay in elderly pneumonia patients.

Our proposed intervention program has an additional advantage. The progression in four different levels, allows an active participation of patients at the very first time they are able to exercise, together with the neuromuscular electrical stimulation. Thus, during the first days, when the patient is at bed and cannot perform any activity, neuromuscular electrical stimulation avoid impairment. Once the patients are able to exercise they are encouraged to perform some exercises superimposed to the neuromuscular electrical stimulation. 
Our results show an improvement in physical function using this program during hospitalization.
 Additionally, in our case the global improvement reached by our subjects confirms that neuromuscular electrical stimulation application in short term hospitalization can be feasible and effective. All the dimensions of the short physical performance battery and the total score improved in the intervention group, however this not occurred in the control group; which improved in gait and balance dimensions while chair stand dimension and total score worsened. All the patients included in the study received normal daily care during the hospitalization period, which included controlled breathing exercises;39 this could explain the pronounced improvements in symptoms such as cough scores. Dyspnea improved in both groups of patients, however no significant differences (p>0.05) were observed between the groups.
Finally the application of our program can reduce the rates of complications and readmissions in this group of patients, but some limitations have to be taken into consideration. The lack of an appropriate follow up of participants is currently a weakness; however future studies will determine the extent to which a program of similar characteristics during hospitalization improves physical and functional status in long-term. Additionally, measurements about possible changes on muscle strength, muscle mass or body composition can be of interest due the frequent presence of sarcopenia in those populations.40 The control group received normal daily care during the hospitalization period, including drug treatment and oxygen therapy adjusted by the medical staff. The usual daily care included the performance of controlled breathing techniques15 which has shown to improve functional exercise capacity in people with respiratory diseases.39 This could explain the improvements in both groups. The absence of any other additional treatment for the control group is also a limitation of this study. Future randomized clinical trials could include exercise as control group and neuromuscular electrical stimulation as intervention group. Finally, this study was undertaken only at one centre, and although it is of reasonable size and adequately powered, our results should be confirmed in an alternative, different setting before being widely used.
Our recommendations for the clinicians are that pneumonia patients may benefit from this integrated programme of physical and electrical therapy in hospital settings. It is a therapeutic approach which has shown to counteract physical and functional performance declines. The intervention requires no effort from the patients in the first level when the patients are too symptomatic and includes the active participation of them in the moment they are capable. For this reason there are four levels of progression. This programme can be used in every pneumonia patient including each one in the appropriate level according to it situation. Each patient reached the next level of progression when the fatigue and dyspnea levels were below 4, measured on a Borg scale after the intervention session. More studies are needed to confirm the effects of this intervention and to evaluate the effects on other outcome measures.
Clinical messages 
· An integrated programme of physical and electrical therapy during hospitalization improves physical and functional performance in elderly inpatients with pneumonia. 
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TABLES

Table 1. Baseline characteristics of patients 

	
	Intervention Group (n=48)
	Control Group 

(n=47)
	Between groups

p-value

	Gender, Male, n(%)
	20(41.67)
	27(57.45)
	0,124

	Age (years)
	74.92(11.03)
	72.53(9.24)
	0.257

	BMI (Kg/m2)
	25.92(4.35)
	30.46(5.67)
	<0.001**

	Length of hospital stay (days)
	8.38(2.81)
	8.29(3.68)
	0.897

	FEV1%
	47.80(26.73)
	48.52(20.98)
	0.896

	Handgrip strength Right (N)
	234.69(78.54)
	224.15(86.88)
	0.559

	Handgrip strength Left (N)
	232.31(91.08)
	202.84(77.09)
	0.111

	FIM motor
	82.67(21.39)
	87.25(7.50)
	0.687

	FIM cognitive
	32.50(4.08)
	34.25(1.50)
	0.424

	FIM total
	113.50(24.70)
	121.50(9.00)
	0.544

	Charlson Comorbidity Index
	4.22(1.89)
	4.88(2.02)
	0.118


Data are presented as Mean (SD); BMI: Body Mass Index; FEV1%: predicted value of forced expiratory volume in first second; FIM: Functional Independence Measure; p<0.05* p<0.001**.

Table 2. Main and secondary outcome measures

	
	Intervention Group (n=48)
	Control Group (n=47)
	CI 95%
	Between groups

p-value

	
	Mean(SD)
	Mean difference( SD)
	p -value
	 Mean(SD)
	Mean difference(SD)
	p -value
	
	

	Physical and functional performance

	SPPB Gait test
	Baseline
	0.73(0.87)
	-0.96(0.932)
	<0.001
	1.00(1.04)
	-0.53(0.847)
	<0.001
	-0.683, 0.137
	0.189

	
	Discharge
	1.69(1.59)
	
	
	1.53(1.38)
	
	
	-0.514, 0.847
	0.628

	SPPB Balance test
	Baseline
	1.14(1.53)
	-0.90(1.711)
	0.032
	1.29(1.35)
	-0.71(1.44)
	0.014
	-0.780, 0.468
	0.620

	
	Discharge
	2.04(1.80)
	
	
	2.00(1.67)
	
	
	1.215, 1.980
	0.914

	SPPB Chair stand test
	Baseline
	1.79(1.91)
	-0.38(1.073)
	0.176
	1.97(1.89)
	1.39(0.801)
	0.007
	-1.020, 0.661
	0.672

	
	Discharge
	2.17(0.97)
	
	
	0.58(0.61)
	
	
	-0.751, 0.839
	<0.001**

	SPPB Total Score
	Baseline
	3.59(4.19)
	-2.32(2.385)
	<0.001
	4.18(4.06)
	0.03(1.674)
	0.563
	-2.465, 1.294
	0.537

	
	Discharge
	5.91(3.61)
	
	
	4.15(3.15)
	
	
	0.203, 3.31
	0.027*

	Respiratory symptoms

	Borg modified scale
	Baseline
	5.85(2.84)
	4.42(3.456)
	<0.001
	4.39(3.65)
	2.10(3.751)
	0.046
	-0.123, 2.558
	0.074

	
	Discharge
	1.43(2.31)
	
	
	2.29(2.26)
	
	
	-1.890, 0.171
	0.101

	Fatigue Severity Scale
	Baseline
	49.58(14.13)
	17.54(13.632)
	<0.001
	52.60(14.62)
	6.38(8.352)
	0.045
	-12.913, 6.879
	0.544

	
	Discharge
	32.04(18.58)
	
	
	46.22(8.90)
	
	
	-26.947, -1.410
	0.030*

	LCQ physical
	Baseline
	4.35(1.77)
	-1.52(2.122)
	<0.001
	4.05(1.62)
	-1.72(1.610)
	<0.001
	-0.391, 0.991
	0.391

	
	Discharge
	5.87(0.94)
	
	
	5.77(1.27)
	
	
	-0.397, 0.592
	0.696

	LCQ psychological
	Baseline
	4.76(1.74)
	-1.65(1.705)
	<0.001
	4.83(1.66)
	-0.82(1.395)
	0.036
	-0.764, 0.621
	0.838

	
	Discharge
	6.41(0.84)
	
	
	5.65(1.38)
	
	
	0.255, 1.255
	0.004*

	LCQ social
	Baseline
	5.64 ( 2.48)
	-0.93(2.184)
	0.021
	4.84(1.76)
	-1.14(1.605)
	<0.001
	-0.082, 1.672
	0.075

	
	Discharge
	6.57(1.00)
	
	
	5.98(1.42)
	
	
	0.046, 1.130
	0.034*

	LCQ Total Score
	Baseline
	14.73(5.62)
	-4.11(5.661)
	<0.001
	13.74(4.61)
	-3.66(3.753)
	<0.001
	-1.105, 3.090
	0.350

	
	Discharge
	18.84(2.47)
	
	
	17.40(3.67)
	
	
	0.330, 2.816
	0.041*


SPPB: Short Physical Performance Battery; LCQ: Leicester Cough Questionnaire; CI: Confidence interval; p<0.05* p<0.001**.
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Figure 1. CONSORT flow diagram of patients

