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Abstract
Background: Chronic obstructive pulmonary disease (COPD) is a progressive lung disease, which might be improved by
neuromuscular electrical stimulation. To date, no trials of intervention of inspiratory plus expiratory neuromuscular
electrical stimulation have been conducted. This study aimed to evaluate the effect and safety of in patients with severe
COPD.

Methods: In this prospective, multicenter controlled trial, 120 stable patients with severe COPD who received standard
medical treatment were randomized assigned 1:1 to receive either inspiratory plus expiratory neuromuscular electrical
stimulation (study intervention) or stimulation of the phrenic nerve, called diaphragm pacing (control intervention).
Intention-to-treat analysis was carried out. The primary outcome was to analyze the changes in functional exercise
capacity, estimated as six-minute walk distance (6MWD), following four weeks of electrical stimulation intervention.

Results: The change in 6MWD was greater in the study intervention (65.53 ± 39.45m) than in the control intervention
(26.66 ± 32.65m). The mean between-group difference at four weeks was 29.07 m ([95% CI, 16.098 to 42.035]; P < 0.001).
There was no signi�cant between-group difference in secondary (modi�ed Medical Research Council, forced expiratory
volume in 1 second (FEV1), FEV1% predicted, and FEV1 ratio forced vital capacity (FEV1/FVC)) outcomes after four weeks
of electrical stimulation. For GOLD 4 subjects, FEV1 and FEV1/FVC had improved in the study intervention (P < 0.05). No
electrical stimulation-related serious adverse events were observed in either group.

Conclusion: Functional exercise capacity were signi�cantly improved in the study intervention in stable patients with
severe COPD after four weeks of treatment.

Trial registration: ChiCTR, ChiCTR2000032681. Registered 6 May 2020- Retrospectively registered,

http://www.chictr.org.cn/showproj.aspx?proj=53086.

Background
At present, chronic obstructive pulmonary disease (COPD) is a signi�cant contributor to global morbidity and mortality,
and carries a signi�cant economic and social burden [1, 2]. Respiratory muscle dysfunction is a common consequence of
COPD [3]. Studies have shown that respiratory muscle weakness is associated with an increased mortality rate in COPD
patients [4] and is a risk factor for readmission to the hospital due to exacerbation [5].

Pulmonary rehabilitation plays an important role in COPD patients. Previous studies have shown that inspiratory muscle
training plus expiratory muscle training can enhance respiratory muscle strength and improve exercise capacity in
subjects with severe to very severe COPD [6]. However, engaging in active exercise training is restricted in COPD patients
with prominent ventilation dysfunction. As a result, studies in other alternative methods for respiratory muscle
contraction, such as neuromuscular electrical stimulation therapy, which does not cause dyspnea and minimize
cardiocirculatory damage, has been concerned[7].

Historically, transcutaneous electrical diaphragmatic stimulation, a form of inspiratory neuromuscular electrical
stimulation, has been shown to increase respiratory minute volume in patients with COPD [8]. Studies have con�rmed
that abdominal electrical stimulation can improve ventilation parameters such as peak expiratory �ow rate in patients
with COPD[9]. However, until now, there have been no studies on evaluation of the inspiratory plus expiratory
neuromuscular (diaphragmatic and abdominal muscles) electrical stimulation for COPD individuals.

This trial aimed to determine the effectiveness and effect of inspiratory plus expiratory neuromuscular electrical
stimulation on functional exercise capacity in severe COPD patients. The trial engaged a novel strategy that stimulating



Page 4/17

diaphragm and abdominal muscle (rectus abdominis muscle and obliquus externus abdominis muscle) during
inspiration and expiration, respectively. We hypothesized that patients who received inspiratory plus expiratory
neuromuscular electrical stimulation after four weeks would show an increase in functional exercise capacity compared
with patients who received stimulation of the phrenic nerve, called diaphragm pacing.

Material And Methods
Study design and participants

This was a multicenter, prospective and randomized controlled trial investigating the effects of inspiratory plus expiratory
neuromuscular neuromuscular electrical stimulation over diaphragm pacing.

Patients were enrolled from Beijing Chaoyang Hospital a�liated to Capital Medical University, Tianjin Chest Hospital, and
the First Hospital of Hebei Medical University between May 2018 and September 2019. Eligible patients ful�lled severe
COPD[10]. The inclusion criteria were: 1) Had capacity to consent and signed written informed consent; 2) Aged between
40 and 75 years old; 3) A spirometrically de�ned diagnosis of COPD with GOLD criteria; a grade 1-3 modi�ed Medical
Research Council (mMRC) dyspnea score; and a post-bronchodilator forced expiratory volume in 1 second ratio forced
vital capacity (FEV1 / FVC) < 0.70; 4) The severity of air�ow restriction in COPD subjects met the following conditions:
FEV1 / FVC < 0.70 with severe respiratory impairment of FEV1%predicted < 50% after subjects inhaled bronchodilator; 5)
The modi�ed Medical Research Council (mMRC) score of the subjects was 1-3. The exclusion criteria were: 1) Unable to
complete the experiment; 2) Contraindications of respiratory neuromuscular stimulator or diaphragm pacemaker; 3) An
acute exacerbation event four weeks prior screening period; 4) Suffer from other lung diseases, such as pneumothorax,
tuberculosis, lung cancer; 5) Under the rest condition of breathing ambient air at sea level: PaO2 < 60mmHg, PaCO2 >
50mmHg; 6) Subjects who were using invasive or noninvasive mechanical ventilation; 7) According to the NYHA heart
function classi�cation, subjects with heart function level III-IV; 8) Unstable angina or myocardial infarction occurred
within 30 days before screening; 9) Renal function: according to the CKD-EPI formula, the calculated creatinine clearance
rate is ≤ 30ml / min during the screening period; 10) Liver function: at the screening stage, AST, ALT or total bilirubin ≥
1.5 times of the upper limit of normal value; 11) Other clinical trials were conducted within 30 days before the screening
period; 12) Other conditions, mental disorders, cognitive disorders, etc. that can’t cooperate with study.

This protocol was approved by the ethics committee of these three hospitals, and registerd as ChiCTR2000032681. All
participants provided written informed consent.

Data collection

Demographic data mainly included the age, gender, body mass index and general information were collected. Clinical
data included patient medical history, vital signs, laboratory test data, 6-minute walk distance (6MWD) [11, 12], mMRC
dyspnea score[13], spirometry[14], arterial blood gas, and diaphragm motions during quiet breathing and deep breathing
[15]. These measurements were recorded before, after two-week and four-week periods of electrical stimulation.

Study intervention

For the study intervention, subjects used a inspiratory plus expiratory neuromuscular electrical stimulation (by Yaguo
Technology Co., Ltd, Beijing, China). The device contains one diaphragm stimulation and two abdominal muscle
stimulations. For control intervention, patients were treated with an diaphragm electrical stimulation.

The procedures were conducted by a doctor according to the instructions. For each patient, the stimulation time was 30
minutes a day, continuous for four weeks. An additional instructions of electrical stimulation procedure shows this in
more detail [see Additional �le 1].
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Outcome analysis

The primary outcome was the increase in 6MWD from the baseline to four weeks following stimulation. The secondary
outcomes were: 1) improvement of pulmonary function; 2) symptoms of dyspnea; 3) changes of diaphragmatic motions
during quiet breathing and deep breathing after four weeks of electrical stimulation between two groups. Safety
endpoints were adverse events observed in either group during study period.

Sample size

Subjects increased 6MWD by 35 meters with inspiratory muscle training in a previous study [16]. A 20 meters more
increase in primary outcome of walk distance in study intervention compared with the control intervention would be
expected in our study. The power was set to 80% at the 0.05 signi�cance level. The estimated sample size for each group
was �fty, and considering a loss rate of less than 20%, the enrolled number in each group was sixty.

Randomisation procedure

All enrolled patients were randomized 1:1 to either the inspiratory plus expiratory neuromuscular electrical stimulation
(study intervention) or diaphragm pacing (control intervention) using strati�ed block randomisation. Intervention
assignments were generated using the statistical analysis SAS version 9.4 (SAS Institute Inc., Cary, NC) statistical
software and communicated using sealed opaque envelopes by statistical agency, and the docters are responsible for
enrollment of participants.

Statistical methods

SAS 9.4 software was used for statistical analysis. A P value < 0.05 was considered statistically signi�cant. The primary
outcome analysis was done on an intention-to-treat basis with all randomly assigned patients .

Results were expressed as the mean ± SD for the normally distributed variables. Intra-group comparisons of the
quantitative data were performed using the paired Student’s t-test and The Wilkinson rank test for non-normal
distribution. Inter-group comparisons were performed using unpaired Student t-tests or the Mann-Whitney U test for
variables with non-normal distribution. Categorical variables were presented as percentages, and compared using Chi-
Squared tests or Fisher’s test. Other analyses include subgroup patients in GOLD 3 and GOLD 4 between two groups[10].

Results
Recruitment and baseline characteristics

The �ow of recruitment used in this study is shown in Figure 1. Participants were recruited from May 2018 and a four-
week follow-up after intervention were de�ned. Of the 162 people screened for eligibility, 37 did not meet the inclusion
criteria, 1 had one exclusion criteria, four declined participation and a total of 120 patients were randomly assigned either
to study intervention (N = 60) or to control intervention (N = 60). Five discontinued the intervention: four withdrew
consent, and one due to sufferd from in�ueza during study piorid. All randomized patients were included in the intent to
treatment analyses.

Participants had a mean age of 64.59 ± 5.69 years, of whom 110 (91.6%) were males, and mean 6-min walk distance of
431.28 ± 57.06m. All participants had a mean value of FEV1%predicted 40.82% (32.00, 47.00). At enrollment, 78.5% of the
participants were receiving inhaled anticholinergic agents or long-acting β2 adrenergic agonists. The baseline
characteristics of 120 randomized patients were similar across the two intervention groups (shown in Table 1).
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Table 1
Baseline characteristics for both groups according to allocation

Variables Study intervention

(N = 60)

control intervention

(N = 60)

Ρ

Anthropometric data      

Age (years) * 65.7 (61.66, 68.33) 64.7 (60.93, 69.26) 0.910

Gender: male N (%) † 53 (88.33%) 57 (95.00%) 0.186

Height (cm) * 170.00 (166.00, 173.00) 170.00 (165.00, 172.50) 0.499

Weight (kg) ‡ 67.74 ± 10.95 66.17 ± 9.45 0.401

Co-morbidity, N (%)      

Hypertension † 7 (11.67%) 3 (5.00%) 0.186

Ischemic heart disease † 4 (6.66%) 7 (11.67%) 0.194

Heart failure † 4 (6.66%) 7 (11.67%) 0.194

Smoking status: never / current N (%) † 11 (18.33%) / 49 (81.67%) 9 (15.00%) / 51 (85.00%) 0.624

Medical treatment, N (%)      

Inhaled long-acting bronchodilators (%) † 49(83.05%) 45(75.00%) 1.000

6-minute walking distance (m) ‡ 423.27 ± 59.34 439.30 ± 53.98 0.124

Spirometry      

FEV1 (L) ‡ 1.15 ± 0.27 1.10 ± 0.26 0.316

FEV1%predicted (%) * 40.92 (32.10, 47.40) 40.40 (31.97, 45.75) 0.495

FVC (L) ‡ 2.50 ± 0.52 2.45 ± 0.55 0.570

FEV1 / FVC (%) * 43.80 (39.83, 53.66) 45.24(39.75, 52.31) 0.998

Maxima ventilation volume (L / min) ‡ 44.97 ± 13.74 42.68 ± 13.10 0.384

Peak expiratory �ow (L / s) ‡ 3.47 ± 1.09 3.39 ± 1.05 0.686

mMRC grade1 N (%)† 31(51.67%) 27(45.00%) 0.383

mMRC grade2 N (%) † 20(33.33%) 27(45.00%)  

mMRC grade3 N (%) † 9(15.00%) 6(10.00%)  

PaCO2 (mmHg) * 40.80 (38.50, 43.20) 39.55 (36.85, 43.05) 0.233

PaO2 (mmHg) * 77.20 (72.00, 84.95) 77.60 (73.00, 84.15) 0.787

Diaphragm motion in quiet breathing (cm) ‡ 2.26 ± 0.69 2.29 ± 0.60 0.789
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Variables Study intervention

(N = 60)

control intervention

(N = 60)

Ρ

Diaphragm motion in deep breathing (cm) ‡ 4.67 ± 1.22 4.52 ± 0.94 0.450

 

Outcomes

For the primary outcome analysis was done on an intention-to-treat analysis, with a statistically and clinically signi�cant
increase in 6-minute walk distance was observed in the study intevention (65.53 ± 39.45 m, P < 0.001), twice greater
improvement than control intervention (26.66 ± 32.65 m, P < 0.05). The between-group comparisons of the changes in the
walk distance showed signi�cant differences (29.07 m (95% CI 16.098, 42.035), P < 0.001). The trend of measurements
differences between two groups is shown in Figure 2.

Table 2 summarises the results of the major secondary outcomes. For the seconsary outcomes, after four weeks of
electrical stimulation, patients in the study intervention had greater improvement in mMRC grade than in the control
intervention, but there was no statistical difference (-0.3 ± 0.57 vs. -0.22 ± 0.53, P = 0.526). We observed no signi�cant
differences in the intra-group for the FEV1%predicted, FVC, FEV1/FVC, and MVV values following four weeks of
intervention. Although there were no statistical differences in the diaphragm motion, there was a twice improvement in
the study intervention when compared to the control intervention in quite breathing (0.13 ± 0.98cm and 0.06 ± 0.77 cm,
respectively, P = 0.672).
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Table 2
Variables of subjects in major secondary outcome measures at four weeks after intervention according to group

allocation
Variables Study intervention (N = 57) Control intervention (N = 58) Comparisons

of changes

Pre-
intervention

Post-
intervention

Post-
pre

Pre-
intervention

Post-
intervention

Post-pre p Value §

Spirometry              

FEV1 (L) * 1.15 ± 0.27 1.21 ± 0.32 0.06 
± 0.17

1.10 ± 0.26 1.19 ± 0.32 0.08 ± 
0.17

0.553

FEV1%predicted
(%) †

40.83
(32.80,
47.20)

39.80
(34.60,
49.51)

1.50
(-2.10,
6.30)

40.40
(32.20,
45.20)

42.05
(34.40,
50.30)

1.75
(-1.20,
5.20)

0.673

FVC (L) * 2.50 ± 0.52 2.63 ± 0.47 0.12 
± 0.32

2.46 ± 0.55 2.60 ± 0.50 0.14 ± 
0.35

0.725

FEV1/FVC (%) † 43.71
(40.50,
53.63)

43.63(38.33,
53.52)

-0.12
(-3.15,
3.26)

45.24
(39.83,
53.03)

44.91
(38.79,
52.89)

0.20
(-4.46,
3.71)

0.717

Maxima
ventilation
volume (L/min)
*

44.97 ± 
13.74

48.03 ± 
13.42

3.37 
± 
10.75

42.74 ± 
13.23

45.08 ± 
14.45

2.97 ± 
9.07

0.503

Peak expiratory
�ow (L / s) *

3.47 ± 1.11 3.70 ± 1.25 0.23 
± 0.77

3.40 ± 1.06 3.61 ± 1.08 0.21 ± 
0.68

0.982

mMRC* 1.63 ± 0.74 1.33 ± 0.61 -0.30 
± 0.57

1.65 ± 0.66 1.42 ± 0.56 -0.22 ± 
0.53

0.526

mMRC grade0
N (%) ‡

0 (0.00%) 1 (1.75%)   0 (0.00%) 0 (0.00%)    

mMRC grade1
N (%) ‡

29
(50.88%)

39 (68.42%)   26
(44.83%)

35(60.34%)    

mMRC grade2
N (%) ‡

20
(35.09%)

14 (24.56%)   26(44.83%) 21(36.21%)    

mMRC grade3
N (%) ‡

8 (14.04%) 3 (5.26%)   6 (10.34%) 2 (3.45%)    

PaCO2 (mmHg)
†

40.80
(38.60,
43.40)

41.60(39.30,
43.90)

1.20
(-1.10,
2.50)

39.15
(36.70,
42.80)

39.90
(36.50,
44.10)

0.60(-2.30,
2.60)

0.524

PaO2 (mmHg)
†

77.20
(72.50,
85.10)

78.30
(74.10,
84.80)

1.10
(-3.40,
5.30)

77.70
(73.00,
84.20)

79.20
(72.50,
84.50)

1.00
(-5.60,
6.40)

0.566

Diaphragm
motion in quiet
breathing (cm)
*

2.26 ± 0.69 2.39 ± 0.76 0.13 
± 0.98

2.28 ± 0.60 2.34 ± 0.63 0.06 ± 
0.77

0.672

Diaphragm
motion in deep
breathing (cm)
*

4.70 ± 1.24 5.01 ± 0.93 0.31 
± 1.27

4.53 ± 0.96 4.85 ± 0.98 0.32 ± 
1.03

0.938

Subgroup analysis
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We subgrouped the subjects according to the classi�cation of air�ow limitation severity of FEV1%predicted at baseline.
Forty-eight subjects in study intervention and forty-nine subjects in the control intervention had FEV1% predicted among
30% ≤ FEV1% predicted < 50%, representing GOLD 3. Twelve and eleven subjects were GOLD 4 (FEV1% predicted < 30%)
in study intervention and control intervention, respectively. There was no signi�cant differences in baseline variables of
subgroup patients between groups. Details of baseline are outlined in Table E1 [see Additional �le 1]. For GOLD 3
subjects, 6-min walk distance was signi�cantly increased in the study intervention than in the control intervention
following four-week electrical stimulation (495.88 ± 74.61 m vs. 469.04 ± 52.59 m, P = 0.049), but there was no
differences of secondary outcomes after four-week intervention between groups. Details are outlined in Table E2 [see
Additional �le 1]. For GOLD4 subjects, no signi�cant differences were found in baseline variables, of which details are
outlined in Table E3 [see Additional �le 1]. However, FEV1, FEV1%predicted, and FEV1/FVC levels had improved in the
study intervention (P   0.05) (Table 3). The increasing trend of pulmonary function in GOLD 4 group following two and
four-week electrical stimulation is shown in Figure 3.

Table 3
Estimates of the effect of pulmonary function of GOLD4 at four weeks

Variables Study intervention

(N = 12)

Control intervention

(N = 9)

Ρ

6-minute walking distance (m) * 472.37 ± 63.71 447.44 ± 52.68 0.353

mMRC      

mMRC grade0 N (%) † 1(8.33%) 0(0.00%) 0.227

mMRC grade1 N (%) † 5(41.67%) 2(22.22%)  

mMRC grade2 N (%) † 5(41.67%) 6(66.67%)  

mMRC grade3 N (%) † 1(8.33%) 1(11.11%)  

Spirometry      

FEV1 (L) * 0.92 ± 0.20 0.73 ± 0.12 0.018

FEV1%predicted (%) ‡ 29.30 (25.89, 34.40) 25.03 (20.70, 26.40) 0.005

FVC (L) * 2.34 ± 0.43 2.14 ± 0.33 0.259

FEV1 / FVC (%) ‡ 38.90 (34.71, 42.56) 38.02 (28.39, 39.54) 0.180

Maxima ventilation volume (L / min) * 37.05 ± 6.84 31.06 ± 5.93 0.050

Peak expiratory �ow (L / s) * 2.88 ± 0.81 2.81 ± 0.61 0.849

PaCO2 (mmHg) ‡ 43.50 (41.00, 45.15) 39.80 (37.30, 45.20) 0.276

PaO2 (mmHg) ‡ 73.05 (70.45, 79.40) 79.20 (73.70, 85.80) 0.431

Diaphragm motion in quiet breathing (cm) * 2.16 ± 0.62 2.37 ± 0.78 0.493

Diaphragm motion in deep breathing (cm) * 4.84 ± 1.17 5.23 ± 0.51 0.317

 

Adverse Events
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It was showed that data on the occurrence of adverse events related to the intervention was minor. Analysis of these two
intervention was demonstrated no risk difference between the two groups. The proportion of participants who had
adverse events was similar between the groups, nine (15.00%) in the study intervention and nine (15.00%) in the control
intervention (P = 1.0). One participant in the study intervention suffered from in�uenza during the treatment and quit the
trial due to hospital admission. None of these patients had any acute exacerbations that required antibiotics during the
study period. An additional table E4 shows adverse events in more detail [see Additional �le 1].

Discussion
This study aimed to evaluate whether the electrical stimulation of the inspiratory plus expiratory muscle has an
advantage over the electrical stimulation of the diaphragm alone. Our study showed that after four weeks of treatment,
compared with control intervention, inspiratory plus expiratory neuromuscular electrical stimulation signi�cantly
improved the functional exercise capacity of patients with severe COPD; this was primarily observed in the GOLD3
subgroup.

This study was designed to be a multicenter, randomized, and controlled trial, which was not blind, as there were
signi�cant differences in function and appearance between the study and control intervention.

At present, respiratory muscle electrical stimulation To some extent replace muscle training pulmonary rehabilitation for
some particular COPD patients, which can improve the patient's respiratory muscle endurance and strength[9]. A
systematic retrospective study on respiratory muscle training recommends that each training time lasts 20-30 minutes
[17]. The frequency of these two instruments used in this clinical trial were set to 40 Hz in beginning, and treatment time
of this clinical trial was also set at 30 minutes per day, which not only increased respiratory muscle strength but also
avoided respiratory muscle fatigue. Previous clinical trials have shown that neuromuscular electrical stimulation can
improve respiratory muscle strength after four weeks of intervention [18]. Therefore, the outcome of effect sobservation
was set to four weeks following intervention.

The 6-minute walk distance developed by the American Thoracic Society is a functional exercise test that is easy to
operate, and re�ects the patients’ daily exercise status with better accuracy [12]. In this study, 6MWD after four weeks of
treatment was used as primary observational variable to evaluate the therapeutic effects of electrical stimulation on
patients with severe COPD.

In this trial, the improvement in 6MWD in the study intervention (65.53 ± 39.45 m) was more signi�cant than that in the
control intervention (26.66 ± 32.65 m). It has been reported by previous researchers that the increase of 6MWD in the
ranged between 25 m and 33 m in inspiratory neuromuscular elctrostimulation treatment [19, 20]. The reason why there
was a better 6MWD improvement in our study in the study intervention may be because it combines the electrical
stimulation of both diaphragm and abdominal muscles. These �ndings are consistent with the results of previous studies
[21]. A meta-analysis showed that in subjects, the combination of inspiratory muscle training combined with expiratory
muscle training is more effective in increasing exercise performance compared with inspiratory muscle training alone
[22].

It is known that expiratory muscles are activated during expiration in subjects with COPD, mostly at the end of expiration
[23]. Inspiratory plus expiratory neuromuscular electrical stimulation should be more helpful than inspiratory
neuromuscular electrical stimulation alone in reducing the symptoms of dyspnea. Our study showed that the mMRC
score of the study intervention had more improvement than that of the control intervention. Although there was no
statistical difference between the two groups. The lack of statistical differences may be related to the short trial period
and the small number of patients. Elctrostimulation might prevent muscle function deterioration [24], improve muscle
strength and dyspnea in individuals with a low body mass index [25].
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Although the therapeutic effects of COPD are often judged by the changes in FEV1, there were no signi�cant
improvements in pulmonary functions after four-week intervention in our study. Weiner et al. demonstrated that when
inspiratory muscle training is used alone, there were no improvements in maximum expiratory pressure [26]. But authors
observed that inspiratory muscle training combined with expiratory muscle training provided higher gains in the
maximum expiratory pressure and maximum inspiratory pressure compared to the control groups [27]. These studies
demonstrated the importance of improving both inspiratory and expiratory muscles in subjects with COPD. Meanwhile,
according to the results of previous studies, short-term pulmonary rehabilitation may not have a signi�cant impact on
FEV1 [28]. Longer-term clinical trials may be performed in the future to validate this hypothesis.

The main expected bene�t of intervention in patients with severe COPD is likely to be related to muscle activity and
reinforcement. In our study, although the increase of diaphragm motion did not amount to a statistically signi�cant
difference, we observed more increase in diaphragm motion in the quiet breathing and deep breathing after four weeks of
study intervention. Some reasons may explain this. First, Prieur et al. evaluated the effects of electrical stimulation on
skeletal muscle oxygenation in patients with COPD [29]. They determined that deoxygenations and increase in oxygen
uptake of muscle and tissue occurred during electrical stimulation. These deoxygenations might re�ect a lower level of
voluntary muscle activity during the electrical stimulation. This suggests that the metabolic load of the muscle was
increased by electrical stimulation. Besides, electrical stimulation can improve muscle strength in peripheral muscles [25].

Although our trial was not extensive enough to detect small changes in secondary outcomes, by subgrouping the
participants into GOLD 3 vs. GOLD 4, we could explore whether the effects differed between participants with different
severities, and the results showed a trend of favorable outcomes in GOLD 4 patients. It suggested that individuals with
lower pulmonary function may achieve signi�cant gains in pulmonary function compared study intervention with control
intervention. This may indicate that patients with a high level of impairment might respond favorably, while the trend of
increase in diaphragm motion range might explain this response. The small number of participants included and the
short duration of intervention might explan other unfavorable results.

There were no severe adverse events related to the intervention in the both group. There might be one adverse event
related to the intervention in control group. It can be seen that the risk of electrical stimulation is minimal, and adverse
events related to electrical stimulation are few and can be accepted by most subjects. These results reveal that this
technique was well tolerated by the patients regardless of their disease severity.

The improvement in respiratory muscle strength is important for patients with COPD. Pulmonary rehabilitation has been
demonstrated to reduce dyspnea, increase exercise capacity, and improve the quality of life in individuals with COPD [11,
6]. Respiratory muscle training is an effective way for COPD patients to recover. However, many training exercises require
patients to do active work, resulting in poor patient compliance and limited treatment effects. Furthermore, many patients
could not participate in these training sessions due to personal reason. Neuromuscular electrical stimulation is a passive
training method that allows selected muscles to contract without the need for active work. It has been found that
electrical stimulation could partly mimic the muscle training procedure and had a similar partial effect on muscle
function [21].

Based on this clinical trial, inspiratory plus expiratory neuromuscular electrical stimulation represents a noval form of
neuromuscular electrical stimulation, which is a promising pulmonary rehabilitation mode. Electrical stimulation of
respiratory muscles has been applied in the treatment of other diseases, and a study found that functional electrical
stimulation of abdominal muscles can shorten ventilation duration and ICU length of staying in mechanically ventilated
patients [30]. Further study can be applied to evaluate effect of electrical stimulation in critically ill patients.

Research limitations
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There are some limitations in the present study. First, the 6MWD of the participants in our trial seemed to be higher when
compared to those of European patients. One reason for this discrepancy might be because all participants were recruited
from stable outpatient groups. In the multicenter study reported by Waschki et al., participants achieved a mean 6MWD of
364 m with a similar FEV1 level, which may be biased to relatively severe patients [31]. Future study needs to recruit
subjects with lowered functional exercise capacity. Second, our study took only four weeks and did not include a longer
observation and follow-up period. Based on this research, future work should consider longer programs of intervention.
Third, we did not take into account improvement conditions of muscles, functional performance, symptoms rather than
dyspnea, and other health-related changes in quality of life. Future studies should preferably be designed to permit more
effects to be perceived.

Conclusion
The preliminary results demonstrated an advantage of improving functional exercise capacity in the inspiratory plus
expiratory neuromuscular electrical stimulation in severe stable COPD patients after four weeks of treatment. Our study
further consolidates the important role of neuromuscular electrical stimulation in pulmonary rehabilitation. More
extensive, long-term studies are necessary to con�rm the clinical and functional bene�ts of this technique and to de�ne
the precise therapeutic indications.
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Figure 1

CONSORT diagram for study �ow. Flow diagram illustrating the number of participants in each group.
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Figure 2

Changes of functional exercise capacity and secondary outcomes after two and four-week electrical stimulation between-
group. (Figure 2A showed functional exercise capacity; Figure 2B showed the differences of mMRC, Figure 2C showed the
changes of PaO2, and Figure 2D showed diaphragm motion after two and four-week electrical stimulation) * Note a
signi�cant between group difference of P < 0.05 at the end of four weeks. † Changes of diaphragm motion in quiet
breathing between groups
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Figure 3

Pulmonary function changes in GOLD 4 group following two and four-week electrical stimulation. Figure 3A, Figure 3B,
Figure 3C and Figure 3D showed FEV1,FVC, FEV1/FVC , and FEV1%predicted retrospectively. * Note a signi�cant between
group difference of P < 0.05 at the end of four weeks. Abbreviations: FEV1 = forced expiratory volume in 1 second; FVC =
forced vital capacity.
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