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Topic Exploration Report 
Topic explorations are designed to provide a high-level briefing on new topics submitted for 
consideration by Health Technology Wales.  The main objectives of this report are to: 

• Determine the quantity of evidence available for a technology of interest. 
• Identify any gaps in the evidence. 
• Inform decisions on topics that warrant fuller assessment by Health Technology Wales 

(HTW). 

Topic exploration 
report number: TER434 

Topic: 
Electrical stimulation to improve muscle strength and associated 
outcomes for people with chronic respiratory conditions, chronic heart 
failure and chronic kidney disease. 

Summary of findings: 

NICE published interventional procedures guidance (IPG677) for electrical 
stimulation to improve muscle strength in chronic respiratory conditions, 
chronic heart failure (CHF) and chronic kidney disease (CKD) in 2020. No 
major safety concerns were identified. Efficacy in people who are unable to 
exercise and are experiencing an acute exacerbation was considered 
adequate. The procedure should only be used in the context of research for 
anyone able to exercise, due to the inadequate quality of efficacy evidence. 
Two systematic reviews and meta-analyses have been conducted on 
electrical stimulation in chronic obstructive pulmonary disease (COPD) 
since IPG677. Although improvements in exercise capacity and muscle 
strength were statistically significant in one systematic review, they did 
not reach the minimal clinical important difference (MCID). The other 
reported a significant increase in 6-min walking distance compared to 
control, within the MCID. However, a number of other outcomes were not 
significantly improved and the authors did not recommend the technology 
as an alternative training modality in rehabilitation of stable COPD. 

We did not identify any systematic reviews, meta-analyses or randomised 
controlled trials (RCTs) on electrical stimulation in CHF since IPG677. The 
guidance included a systematic review and meta-analysis in CHF which 
reported statistically significant improvements in numerous outcomes 
(including muscle strength) compared to no-exercise. However, the RCT 
included did not show significant differences between groups. We did not 
identify any systematic reviews or meta-analyses on electrical stimulation 
in CKD since IPG677. The guidance reported statistically significant 
increases in muscular strength compared to control. In contrast, one small 
RCT we identified showed no difference in muscle strength or mass. 

It is unclear whether changes in the aforementioned outcomes would 
translate to important clinical outcomes, such as progression, 
hospitalisation and mortality, and no economic studies were identified. 
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Introduction and aims 

Muscle weakness and dysfunction can be caused by chronic respiratory conditions (including 
chronic obstructive pulmonary disease [COPD]), chronic heart failure (CHF) and chronic kidney 
disease (CKD). Management includes lifestyle change, medication (including oxygen therapy), 
rehabilitation (such as pulmonary rehabilitation or cardiac rehabilitation) and treating the 
underlying conditions, as detailed in NICE guidelines (see literature search results). 

Electrical stimulation involves applying self-adhesive electrodes to the skin. The electrodes are 
connected to an electrical stimulator which sends small electrical impulses to the nerves supplying 
groups of muscles (usually in the arms or legs), causing them to contract and relax, mimicking 
exercise training. A typical programme involves 30 to 60 minutes of stimulation. 

Health Technology Wales researchers searched for evidence on the clinical effectiveness and cost-
effectiveness of electrical stimulation on improving muscle strength and associated outcomes in 
chronic respiratory conditions, CHF and CKD. Evidence from systematic reviews, meta-analyses and 
RCTs within NICE interventional procedures guidance (IPG677) for electrical stimulation to improve 
muscle strength in chronic respiratory conditions, CHF and CKD has been included. Clinical-
effectiveness searches focussed on evidence since the literature search was conducted for NICE 
IPG677 in January 2020. 

 

Evidence overview 

NICE interventional procedures guidance (IPG677) 

NICE published interventional procedures guidance (IPG677) for electrical stimulation to improve 
muscle strength in chronic respiratory conditions, CHF and CKD in August 2020. This rapid review 
reported on systematic reviews and meta-analyses covering all of these conditions, as well as 
randomised controlled trials (RCTs) in COPD and CKD. No major safety concerns were identified. 
Efficacy in people who are unable to exercise and are experiencing an acute exacerbation of 
symptoms was considered adequate to support the use of electrical stimulation (provided that 
standard arrangements are in place for clinical governance, consent and audit). However, it was 
recommended that the procedure only be used in the context of research for anyone able to exercise, 
due to the inadequate quality of efficacy evidence. 

COPD 

Two systematic reviews and meta-analyses (Alves et al. 2022 and Wu et al. 2020) have been 
conducted on the use of electrical stimulation in COPD since the literature search for IPG677 (January 
2020). 

The systematic review by Alves et al. (2022) included 32 RCTs (1,269 participants) studying the 
effects of neuromuscular electrical stimulation either alone or in combination with conventional 
rehabilitation in COPD patients, comparing to control or sham or pulmonary rehabilitation. Small 
improvements in exercise capacity (mean difference [MD]: 1.10, 95% confidence interval [CI]: 0.33 to 
1.86, n = 147), and muscle strength (MD: 0.53, 95% CI: 0.20 to 0.87, n = 147) were observed in the 
electrical stimulation group compared to the sham group. Combined electrical stimulation and 
conventional rehabilitation also improved exercise capacity (MD 34.28 meters, 95% CI: 6.84 to 61.73, 
n = 262) compared to conventional rehabilitation alone. However, although the improvements in 
exercise capacity and muscle strength observed are statistically significant, they do not reach the 
minimal clinical important difference (MCID) for those outcomes. No adverse events were reported. 
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Wu et al. (2020) conducted a systematic review on the effectiveness of electrical stimulation, either 
alone or in combination with pulmonary rehabilitation or exercise training, in COPD. A total of 13 
RCTs (447 patients) were included in the analysis. A significant increase in the 6-min walking 
distance (6MWD) was observed in the electrical stimulation group as compared to the control group 
(pooled estimates; MD: 27.05, 95% CI: 8.46 to 45.63, p<0.001). This falls within the range suggested as 
the MCID (26 ± 2) for this outcome. Improvements in the symptoms of dyspnea or leg fatigue, and 
reduction in London Chest Activity of Daily Living (LCADL) scores were also reported. Peak rate of 
oxygen (VO2 peak), peak power, and St. George’s Respiratory Questionnaire (SGRQ) were not 
statistically different for the electrical stimulation group. The authors concluded that although 
electrical stimulation could improve exercise capacity and reduce perceived sensation of dyspnea 
during exercise in patients with COPD, it should not be recommended as an effective alternative 
training modality in the rehabilitation of stable COPD patients. 

CHF 

HTW researchers did not identify any systematic reviews, meta-analyses or RCTs on the use of 
electrical stimulation in CHF since the literature search for IPG677 (January 2020). However, IPG677 
included a systematic review and meta-analysis of 13 studies of 435 patients with heart failure (New 
York Heart Association classes II to IV) comparing electrical stimulation to no-exercise controls 
(Gomes et al. 2016). Electrical stimulation resulted in a statistically significant improvement in 
muscle strength (30.74 Nm; 95% CI: 3.67 to 57.81, p=0.03, I2=0%; 2 studies). A statistically significant 
low peak VO2 was observed in the electrical stimulation group compared with the aerobic exercise 
group (-0.44 ml/kg/min; 95% CI -0.68 to -0.20, p=0.0004, I2=0%; 6 studies of 217 patients), and a 
significantly improved peak VO2 was observed compared with the no-exercise control group (1.85 
ml/kg/min; 95% CI 0.46 to 3.23, p=0.009, I2=97%; 3 studies of 76 patients). The difference in 6MWD 
was not significant compared to the aerobic group (weighted MD: 0.72 m; 95% CI −23.74 to 25.18, 
p=0.95, I2=42%; 5 studies of 168 patients), but was statistically significant as compared to the no-
exercise group (weighted MD: 63.54 m; 95% CI 35.81 to 91.27, I2=53%, p<0.00001; 6 studies of 156 
patients). Measures of health-related quality of life (HRQOL) and depressive symptoms were also 
statistically significantly improved in the electrical stimulation group compared to the no-exercise 
control group. However, whilst results of a multicentre RCT (n=91; Iliou et al. 2017) included in IPG677 
showed improvements in a number of the aforementioned outcomes, none of the differences were 
found to be statistically significantly different between groups.  

CKD 

We did not identify any systematic reviews or meta-analyses on the use of electrical stimulation in 
CKD since the literature search for IPG677 (January 2020). Although one systematic review and meta-
analysis in CKD was included in IPG677, the evidence was considered to be moderate to very low, and 
evidence from RCTs was prioritised. The IPG included a UK RCT (McGregor et al. 2018) in 51 patients 
with CKD on haemodialysis. At 10 weeks, low frequency electrical stimulation was superior to control 
in isometric leg strength (difference compared to control: 94 Nm; 95% CI 35.6 to 152.3, p=0.002). Two 
small RCTs from outside of the UK that were included in IPG677 showed statistically significant 
increases in muscular strength in the electrical stimulation group as compared to control (Roxo et 
al. 2016: Brazil, n=40; Suzuki et al. 2018: Japan, n=26). RCTs included in IPG677 also reported benefits 
in pulmonary function and walking distance in the electrical stimulation groups compared to 
control, but no statistically significant improvements in HRQOL were observed. 

HTW researchers identified one small RCT investigating electrical stimulation compared to control 
in CKD patients undergoing haemodialysis (Marini et al. 2021) since the literature search for IPG677 
(January 2020), which was conducted in Brazil. No difference in muscle strength was observed 
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between groups (electrical stimulation: pre 32.5 ± 12.8 vs. post 33.7 ± 12.9 and control: pre 28.6 ± 7.6 
vs. post 30.5 ± 8.8; interaction time × group p = 0.57). Additionally, muscle mass was not significantly 
different between groups (electrical stimulation: 25.2 ± 2.7 vs. post 26.2 ± 3.0 and control: 
pre 25.2 ± 4.7 vs. post 24.1 ± 3.1, interaction time × group p = 0.06). 

Economic studies 

No economic studies on the use of electrical stimulation in chronic respiratory conditions, CHF and 
CKD were identified. 

Ongoing studies 

Eight ongoing/unpublished systematic reviews were identified for the use of electrical stimulation 
within the indications under consideration in this topic exploration. The systematic reviews include 
comparisons to a range of exercise training methods or controls. 

 

Areas of uncertainty 

HTW researchers did not identify evidence on the use of electrical stimulation in chronic respiratory 
conditions other than COPD. Asthma and COPD are the most common chronic respiratory conditions 
according to the World Health Organisation (WHO). However, asthma isn’t specifically referred to in 
IPG677 and HTW researchers did not identify evidence on electrical stimulation in asthma. 

Most evidence is in neuromuscular electrical stimulation. 

There is a lack of evidence in clinical outcomes such as progression, hospitalisation and mortality 
and it is unclear whether any improvements in muscle strength and 6MWD would translate into 
changes in these important outcomes. 

No economic studies on the use of electrical stimulation in chronic respiratory conditions, CHF and 
CKD were identified. 
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